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alted rank  to  a  Work,  which  in  this  age  and  nation  must  seek  support  by 
scientific  value  alone.  The  present  dedication  is  merely  an  act  of 
gratitude,  as  pure  On  my  part,  as  your  Lordship's  condescension  and 
kindness  to  me  have  been  generous  and  unvarying.  At  my  outset  in 
life,  your  Lordship's  distinguished  favour  cherished  those  studious  pur- 
suits, which  have  since  formed  my  chief  pleasure  and  business ;  and  to 
your  Lordship's  hospitality  I  owe  the  elegant  retirement,  in  which  many 
of  the  following  pages  were  written.  Happy  would  it  have  been  for 
their  readers,  could  I  have  transfused  into  them  a  portion  of  that  grace 
of  diction,  and  elevation  of  sentiment,  which  I  have  so  often  been 
permitted  to  admire  in  your  Lordship's  family. 

I  have  the  honour  to  be. 

My  Lord, 

Your  Lordship's  most  obedient 
Glasgow, 
November  7.  18S0. 
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I  HAVE  now  the  pleasure,  for  the  fourth  time,  of  offering  my  grateful 
acknowledgments  to  the  Public  for  their  effective  patronage  of  this 
Dictionary.  In  submitting  the  third  Edition  to  their  perusal,  I  imagined 
that  few  alterations  would  be  required  should  another  impression  of  the 
Work  be  demanded  within  two  or  three  years.  But  such  has  been  the 
activity  of  the  Chemical  world,  in  supplying  many  desiderata  of  detail 
within  this  brief  period,  as  already  to  furnish  copious  materials  for 
addition  and  emendation.  Accordingly  I  have  felt  it  my  duly  to  intro- 
duce into  the  following  pages  many  articles  entirely  new,  and  to  re- 
write, in  whole  or  in  part,  several  of  those  under  old  titles.  The  quan- 
tity of  letter-press  has  been  likewise  increased,  notwithstanding  every 
effort  of  condensation ;  so  that  the  volume,  from  its  compact  style  of 
typography,  contains  as  much  reading  as  would  fill  four  ordinary  oc- 
tavos. 

It  has  been  my  purpose  to  render  the  present  Edition  as  exact  and 
ample  a  transcript,  as  circumstances  would  allow,  of  the  actual  state  of 
Chemical  Science,  and  of  its  relations  to  Medicine,  to  the  Phenomena 
of  Nature,  and  to  the  Arts.  With  what  success  this  design  is  executed, 
it  is  for  the  candour  of  my  readers  to  decide. 


In  the  Press,  and  speedify  will  be  Published, 

IN  ONE  LAROK  VOLUME  8VOy 

A  MANUAL  OF  ANALYTICAL  CHEMISTRY, 

OOMFBIBDfG 

Instructions  for  Detecting  the  Presence,  and  Determining  the  Pk*o- 
portions  of  the  Constituents  of  Chemical  Compounds,  including 
the  Recent  Discoveries  and  Improvements  of  Berzelius  and  other 
Analysts. 

BY  HENRY  ROSE, 

FROFESBOA  OF  CUEMIBTEY  AT  BEBLDT. 

Traii|rt(ite4  from  the  German  by  John  Griffin^ 


INTRODUCTION. 


In  this  Introduction  I  shall  present  a  General  View  of  the  objects 
of  Chemistry,  along  with  a  scheme  for  converting  the  alphabetical  ar- 
rangement adopted  in  this  volume  into  a  systematic  order  of  study. 


The  forms  of  matter  are  numberless,  and  subject  to  incessant  change. 
Amid  all  this  variety,  which  perplexes  the  common  mind,  the  eye  of 
science  discerns  a  few  unchangeable  primary  bodies,  by  whose  recipro- 
cal actions  and  combinations  this  marvellous  diversity  and  rotadon  of 
existence  are  produced  and  maintained.  These  bodies,  having  resisted 
every  attempt  to  resolve  them  into  simpler  forms  of  matter,  are  called 
umlecampcundedt  and  must  be  regarded  in  the  present  state  of  our  know- 
ledge as  esperimental  dements.  It  is  possible  that  the  elements  of  nature 
are  very  dissimilar ;  it  is  probable  that  they  are  altogether  unknown ; 
and  that  they  are  so  recondite,  as  for  ever  to  elude  the  sagacity  of  hu- 
man research. 

The  primary  substances  which  can  be  subjected  to  measurement  and 
weight  are  fif)y-two  in  number.  To  these,  some  chemists  add  the  im- 
ponderable elements— light,  heat,  electricity,  and  magnetism.  But  their 
separate  identity  is  not  clearly  ascertained. 

Of  the  fifty-two  ponderable  principles,  four,  possibly  five,  require  a 
distinct  collocation,  from  the  marked  peculiarity  of  their  powers  and 
properties.  These  are  named  Chlorine,  Oxygen^  Iodine^  Fluorine^  and 
Bromine*  These  bodies  display  a  pre-eminent  activity  of  combination, 
an  intense  affinity  for  most  of  the  other  forty-seven  bodies,  which  they 
corrode,  penetrate,  and  dissolve ;  or,  by  uniting  with  them,  so  impair  their 
cohesive  force,  that  they  become  friable,  brittle,  or  soluble  in  water, 
.  however  dense,  refractory  and  insoluble,  they  previously  were.  Such 
changes,  for  example,  are  operated  on  platinum,  gold,  silver,  and  iron, 
by  the  agency  of  chlorine,  oxygen,  or  iodine.  But  the  characteristic 
feature  of  these  archeal  elements  is  this,  that  when  a  compound  consist- 
ing of  one  of  them,  and  one  of  the  other  forty-seven  more  passive  ele- 
ments, is  exposed  to  voltaic  electrization,  the  former  is  uniformly  evol- 
ved at  the  positive  or  vitreo-electric  pole,  while  the  latter  appears  at  the 
negative  or  resino-electric  pole. 

The  singular  strength  of  their  attractions  for  the  other  simple  forms  of 
matter  is  also  manifested  by  the  production  of  heat  and  light,  or  the 
phenomenon  of  combustion,  at  the  instant  of  their  mutual  combination. 
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But  this  phenomenon  is  not  characteristic ;  for  it  is  neither  peculiar  nor 
necessary  to  their  action,  and,  therefore,  cannot  be  made  the  basis  of  a 
logical  arrangement.  Combustion  is  vividly  displayed  in  cases  where 
none  of  these  primary  dissolvents  is  concerned.  Thus  certain  metals 
combine  with  othen  with  such  vehemence  as  to  elicit  light  and  heat ; 
and  many  of  them,  by  their  union  with  sulphur,  even  in  vacuoy  exhibit 
intense  combustion.  Potassium  bums  distinctly  in  cyanogen  (carburet- 
ted  azote),  and  splendidly  in  sulphuretted  hydrogen.  For  other  ex- 
amples to  the  same  purpose,  see  Combustible  and  Combustion. 

And  again,  the  phenomenon  of  flame  does  not  necessarily  accompany 
any  of  the  actions  of  oxygen,  chlorine,  and  iodine.  Its  production  may 
be  regulated  at  the  pleasure  of  the  chemist,  and  occurs  merely  when  the 
mutual  combination  is  rapidly  effected.  Thus  chlorine  or  oxygen  will 
unite  with  hydrogen,  either  silently  and  darkly,  or  with  fiery  explosion, 
as  the  operator  shall  direct. 

Since,  therefore,  the  quality  of  exciting  or  sustaining  combustion  is 
not  peculiar  to  these  electro-positive  elements ;  since  it  is  not  indispens- 
able to  their  action  on  other  substances,  but  adventitious  and  occasional^ 
we  perceive  the  inaccuracy  of  that  classification  which  sets  these  three 
or  four  bodies  apart  under  the  denomination  o£  supporters  of  combustion  i 
as  if  combustion  could  not  be  supported  without  them,  and  as  if  the 
support  of  combustion  was  their  indefeasible  attribute,  the  essential  con- 
comitant of  their  action.  On  the  contrary,  every  change  which  they 
can  produce,  by  their  imion  with  other  elementary  matter,  may  be 
effected  without  the  phenomenon  of  combustion.  See  section  5th  of 
article  Combustion. 

The  other  forty-seven  elementary  bodies  have,  with  the  excepti<Ni  of 
azote  (the  solitary  incombustible),  been  grouped  under  the  generic 
name  of  combustibles.  But  in  reality  combustion  is  independent  of  th^ 
agency  of  all  these  bodies,  and  therefore  combustion  may  be  produced 
Hxiithout  any  combustible*  Can  this  absurdity  form  a  basis  of  chemical 
classification  ?  The  decomposition  of  euchlorine,  as  well  as  of  the  chlo- 
ride and  iodide  of  azote,  is  accompanied  with  a  tremendous  energy  of 
heat  and  light ;  yet  no  combustible  is  present.  The  same  examples  are 
fatal  to  the  theoretical  part  of  Black's  celebrated  doctrine  of  latent  heat. 
His  facts  are,  however,  invaluable,  and  not  to  be  controverted,  though 
the  hypothetical  thread  used  to  connect  them  be  finally  severed. 

To  the  term  combustible  is  naturally  attached  the  idea  of  die  body  so 
named  affording  the  heat  and  light.  Of  this  position,  it  has  been  oflen 
remarked,  that  we  have  no  evidence  whatever.  We  know,  on  the  other 
hand,  that  oxygen,  the  incombustible,  could  yield,  from  its  latent  stores, 
in  Black's  language,  both  the  light  and  heat  displayed  in  combustion ; 
for  mere  mechanical  condensation  of  that  gas,  in  a  S3n*inge,  causes  their 
disengagement.  A  similar  condensation  of  the  combustible  hydrogen 
occasions,  I  believe,  the  evolution  of  no  light.  From  all  these  facts  it 
is  plain,  that  the  above  distinction  is  unphilosophical,  and  must  be  aban- 
doned.   In  truth,  every  insulated  or  simple  body  has  such  an  appetency 
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to  combine  with,  or  is  solicited  with  such  attractive  energy  by*  other 
fanns  of  matter,  whether  the  actuating  forces  be  electro-attractive  or 
electrical)  that  the  motion  of  the  particles  constituting  the  change,  if 
sufficiently  rapid,  may  always  produce  the  phenomenon  of  combustion. 

Of  the  forty-seven  electro-negative  elements,  forty-one  are  metallic, 
and  six  non-metallic. 

The  latter  group  may  be  airanged  into  three  pairs  :«— 

Is^  The  gaseous  bodies,  Htdrogen  and  Azote. 

2d,  The  fixed  and  infusible  solids,  Carbon  and  Boron. 

9d^  The  fusible  and  volatile  solids,  Sulphur  and  Phosphorus. 

The  forty-two  metallic  bodies  are  distinguishable  by  their  habitudes 
with  oxygen,  into  two  great  divisions,  the  Basifiable  and  Acidi- 
TiABLE  metals.     The  former  are  thirty-five  in  number,  the  latter  seven. 

Of  the  thirty-five  metals,  which  yield  by  their  union  with  oxygen 
salifiable  bases,  Uiree  are  convertible  into  alkalis,  nine  into  earths,  and 
twenty-three  into  ordinary  metallic  oxides.  Some  of  the  latter,  how- 
ever, by  a  maximum  dose  of  oxygen,  seem  to  graduate  into  the  acidi- 
fiable  group,  or  at  least  cease  to  form  salifiable  bases. 

We  shall  now  delineate  a  general  chart  of  Chemistry,  enumerating  its 
various  leading  objects  in  a  somewhat  tabular  form,  and  pointing  out 
Uieir  most  important  relations,  so  that  the  readers  of  this  Dictionary  may 
have  it  in  their  power  to  study  its  contents  in  a  systematic  order. 

CHEMISTRY 

is  the  science  which  treats  of  the  specific  differences  in  the  nature  of 
bodies,  and  the  permanent  changes  of  constitution  to  which  their  mutual 
actions  give  rise. 

This  ^versity  in  the  nature  of  bodies  is  derived  either  from  the 
AGGREGATION  or  COMPOSITION  of  their  integrant  particles.  The  state 
of  aggregation  seems  to  depend  on  the  relation  between  the  cohesive 
attraction  of  these  integrant  particles,  and  the  antagonizing  force  of  heat. 
Hence  the  three  general  forms  of  s(did,  liquidy  and  gaseom,  under  one 
or  other  of  which  every  species  of  material  being  may  be  classed. 

For  instruction  on  these  general  forms  of  matter,  the  student  ought  to 
read,  Ist,  The  early  part  of  the  article  Attraction  ;  2d,  Crystalli- 
zation ;  dd,  That  part  of  Caloric  entitled,  <^  Of  the  change  of  statg 
produced  in  bodies  by  caloric,  independent  of  change  of  composition." 
He  may  then  peruse  the  introductory  part  of  the  article  Gas,  and 
Balance,  and  Laboratory.  He  will  now  be  sufficiently  prepared 
for  the  study  of  the  rest  of  the  article  Caloric,  as  well  as  that  of  its 
correlative  subjects.  Temperature,  Thermometer,  Evaporation, 
Congelation,  Cryophorus,  Dew,  and  Climate.  The  order  now  pre- 
scribed will  be  found  convenient.  In  the  article  Caloric  there  are  a 
few  discussions  which  the  beginner  may  perhaps  find  somewhat  difficult. 
These  he  may  pass  over  at  the  first  reading,  and  resume  their  considera- 
tion in  the  sequel.  After  Caloric  he  may  peruse  Light,  and  the  first 
three  sections  of  Electricity. 
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The  article  Combustion  will  be  most  advantageously  examined,  after 
he  has  become  acquainted  with  some  of  the  diversities  of  Composition  ; 
viz.  with  the  four  electro-positive  dissolvents,  oxygen,  chlorine,  bromine, 
and  iodine  ;  and  the  six  non-metallic  electro-negative  elements,  hydro- 
gen, azote,  carbon,  boron,  sulphur,  and  phosphorus.  Let  him  begin 
with  oxygen^  and  then  peruse,  for  the  sake  of  connexion,  hydrogen  and 
toaUr*  Should  he  wish  to  know  how  the  specific  gravity  of  gaseous 
matter  is  ascertained,  he  may  consult  the  fourth  section  of  the  article 
Gas. 

The  next  subject  to  which  he  should  direct  his  attention  is  Chlo- 
rine ;  on  which  he  will  meet  with  ample  details  in  the  present  Work. 
This  article  will  bear  a  second  perusal.  It  describes  a  series  of  the 
most  splendid  efforts  ever  made  by  the  sagacity  of  man,  to  unfold  the 
chemical  mysteries  of  nature.  In  connexion  with  it,  he  may  read  the 
articles  Chlorous  and  Chloric  Oxides,  or  the  protoxide  and  deut- 
oxide  of  Chlorine.  Let  him  next  study  the  copious  articles  Bromine 
and  Iodine,  from  beginning  to  end. 

Carbon,  boron,  sulphur,  phosphorus,  and  azote,  must  now  come  under 
review.  Related  closely  with  the  first,  he  will  study  the  carbonous  oxide, 
carburetted  and  subcarburetted  hydrogen.  What  is  known  of  the  element 
boron  will  be  speedily  learned  ;  and  he  may  then  enter  on  the  examina- 
tion of  sulphury  sulphuretted  hydrogen,  and  carburet  of  sulphur.  PhoS' 
phorus  and  phosphuretted  hydrogen,  with  nitrogen  or  cut^ey  and  its  oxides 
and  chlorides,  will  form  the  conclusion  of  the  first  division  of  chemical 
study,  which  relates  to  the  elements  of  most  general  interest  and  acti- 
vity. The  general  articles  Combustible,  Combustion,  and  Safe-Lamp, 
may  now  be  read  with  advantage  ;  as  well  as  the  remainder  of  the  ar- 
ticle Attraction,  which  treats  of  affinity. 

Since  in  the  present  work  the  alkaline  and  earthy  salts  are  annexed  to 
their  respective  acids,  it  will  be  proper,  before  commencing  the  study  of 
the  latter,  to  become  acquainted  with  the  alkaline  and  earthy  bases. 

The  order  of  reading  may  therefore  be  the  following :  first,  The  ge- 
neral article  alkali,  then  potash  and  potassium,  soda  and  sodium,  lithia 
and  ammonia.  Next,  the  general  article  earth  ;  afterwards  calcium  and 
lime,  barium  and  baryta,  strontia,  magnesia^  alumina^  silica,  ^udna,  zir- 
conia,  yttria,  and  thorina. 

Let  him  now  peruse  the  general  articles  acid  and  salt ;  and  then  the 
non^metallic  oxygen  acids,  with  their  subjoined  salts,  in  the  following 
order : — sulphuric,  sulphurous ;  hyposulphurous,  and  hyposulphuric  ;  phos- 
phoric, phosphorous,  and  hypophosphorous  ;  carbonic  and  chlorocarbonous  / 
boracic ;  and,  lastly,  the  nitric  and  nitrous.  The  others  may  be  studied 
conveniently  with  the  hydrogen  group.  The  order  of  perusing  them 
may  be,  the  muriatic  (hydrochloric  of  M.  Gay  Lussac),  chloric,  and 
perchloric;  the  hydriodic,  iodic,  and  chloriodic;  theJiuoric^uoboriCf  and 
Jluosilicic ;  the  prussic  (hydrocyanic  of  M.  Gay  Lussac),  ferroprussic, 
chloraprtissic,  and  sulphuroprussic.  The  hydrosulphurous  and  hydroteU 
lurous  are  discussed  in  this  Dictionary,  under  the  names  of  sulphuretted 
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kydrogeny  and  idluretted  hydrogen.  These  compound  bodies  possess 
add  powers,  as  well  perhaps  as  arsenuretted  hydrogen.  It  would  be 
advisable  to  peruse  the  article  cyanogen  either  before  or  immediately 
aAer  prussic  add. 

As  to  the  vegetable  and  animal  acids,  they  may  be  read  either  in 
their  alphabetical  order,  or  in  any  other  which  the  student  or  his  teacher 
shall  think  fit. 

The  metallic  acids  fall  naturally  under  metallic  chemistry;  on  the 
study  of  which  I  have  nothing  to  add  to  the  remarks  contained  in  the 
general  article  Metal.  Along  with  each  metal  in  its  alphabetical 
place,  its  native  state,  or  oresy  may  be  studied.     See  Ores. 

The  chemistry  of  organized  matter  may  be  methodically  examined 
by  perusing,  first  of  all,  the  article  vegetable  kingdom,  with  the  various 
products  of  vegetation  there  enumerated :  and  then  the  article  animal 
Ungdomy  with  the  subordinate  animal  products  and  adipocere. 

The  article  analysis  may  now  be  consulted;  then  mineral  waters  ; 
egmoaknis  (chemical),  and  analysis  of  ores. 

The  mineralogical  department  should  be  commenced  with  the  general 
articles  mineralogy  and  crystallography  ;  afler  which  the  different  species 
and  varieties  may  be  examined  under  their  respective  titles.  The  enu- 
meration of  the  genera  of  M.  Mohs,  given  in  the  first  article,  wiU  guide 
the  student  to  a  considerable  extent  in  their  methodical  consideration. 
Belonging  to  mineralogy,  are  the  subjects  UowpipCy  geology,  with  its 
subordinate  rocks,  ores,  and  meteorolite. 

The  medical  student  may  read  with  advantage  the  articles  acid  (ar- 
semous),  antimony,  bile,  blood,  calculus  (urinary),  the  sequel  of  copper, 
digestion,  gaU^skmes,  galvanism,  intestinal  concretion,  lead,  mercury,  poi' 
sons,  respiration,  urine,  tgc. 

The  agriculturist  will  find  details  not  unworthy  of  his  attention,  under 
the  articles  absorbent,  analysis  of  soils,  carbonate,  lime,  manure,  and  soils. 

Among  the  discussions  interesting  to  manufacturers  are,  acetic  and 
other  adds,  alcohol,  alum,  ammonia,  beer,  bleaching,  bread,  caloric,  chloride 
of  lime,  coal,  coal-gas,  distillation,  dydng,  ether.  Jot,  fermentation,  glass, 
ink,  iron,  ores,  potash,  pottery,  salt,  soap,  soda,  steel,  sugar,  tanning,  Sfc, 

The  general  reader  will  find,  it  is  hoped,  instruction,  blended  with  en- 
tertainment, in  the  articles  aerostation,  air,  dimate,  combustion,  congela- 
iion,  dew,  dectridty,  equivalents,  galvanism,  geology,  light,  meteorolite, 
rain,  and  several  other  articles  formerly  noticed. 
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ADDITIONS  AND  CORRECTIONS. 


GUNPOWDER.  On  making  inquiry 
at  the  Royal  Manufacture  of  Waltfaam  AIk- 
bey,  I  learn  that  Mr  Coleman  was  mistaken 
in  stating  tliat  the  gunpowder  of  that  esta- 
blishment had  been  increased  one-third  in 
strength  by  tlie  introduction  of  cylinder  diar- 
coal,  instead  of  that  formerly  made  in  pits. 

MERCURY.  Under  this  arUcle,  p.  614. 
I  have  spoken  of  the  use  of  fulminating  mer- 
cury as  a  match-powder  for  the  percussion 
caps  of  detonating  muskets.  In  the  full  re- 
port of  the  French  experiments  given  in  the 
Bulletin  det  Sciences  MHitaires  for  January 
1830,  I  find  it  stated,  that  six  parts  of  or- 
dinary gunpowder  must  be  ground  up  with 


ten  paiis  of  the  fulminating  mercury,  pre- 
viously tritumted  with  water  on  a  mart>le 
slab  by  a  wooden  muller.  Each  cap-match 
contains,  it  is  said,  Hth  grain  of  fulminat- 
ing  mercury,  with  6-fOths  of  that  weight  of 
cannon  powder.  But  some  of  the  best  matdi 
powders  made  in  France  are  much  lighter, 
and  do  not  weigh  altogether  above  S-Sds  of 
a  grain. 

PHOSPHORUS.  F^  07a  middleof 
first  column.  The  sentence,  "  It  is  the 
bichloride  of  phosphorus,"  has  been  retained 
by  an  oversight  fVom  the  preceding  edition. 
It  ought  to  be  cancelled. 
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AdRAZITE,  ZEAGOKITE,  or  OIS- 
MONDINE.  A  mineni  wUch  occun 
in  serai-globular  masses,  and  in  octahedral 
crystak  with  a  square  basev  Colour  greyish- 
white,  aomeciines  with  a  tinge  of  blue.  Yields 
lo  the  nail,  but  oocasionaUy  hard  enough  to 
acntch  glass.  Brittle^  Fracture  conchoidal. 
Translucent  or  transparent.  Constituents: 
slica  4t.4 ;  lime  46.6 ;  alumina  2.5 ;  mag- 
nesia L5 ;  oxide  ot  iron  2.5.  Reduced  by 
acids  to  a  jelly,  without  effenresccnce.  Loses 
its  lustre,  and  becomes  friable  before  the  blow- 
pipe. It  is  found  in  the  cavities  of  volcanic 
rocks,  with  calcareous  spar,  at  Capo  di  Bove 
near  Rome.— PAi2/i^s*  Minerahgy. 

ABSORBENT.  An  epithet  introduced 
into  chemistry  by  the  physicians,  to  designate 
such  earthy  substances  as  seeaoed  to  check 
dSarrhoea,  by  the  mere  absorption  of  the  re- 
dundant liquids.  In  this  sense  it  is  obsolete 
and  unfounded.  The  facalty  of  withdrawing 
moistBre  from  the  air  is  not  confined  to  sub- 
stances which  unite  with  water  in  every  pro- 
portion, as  the  strong  adds,  dry  alkalis,  alka- 
line earths,  and  deliquescent  s^ts,  but  is  pos- 
sessed by  insoluble  and  apparently  inert  bodies, 
in  various  degrees  of  force.  Hence  the  term 
Absorbent  merits  a  place  in  chemical  nomen- 
clature. 

The  substance  whose  absorbent  power  is 
to  be  examined,  after  tborou^  desiccation 
before  a  fire,  is  immediately  transferred  into 
a  phial,  furnished  with  a  well  ground  stopper. 
When  it  is  cooled,  a  portion  of  it  is  put  into 
a  large  wid^mouthed  bottle,  where  it  u  close- 
ly confined  Ibr  some  time^  A  delicate  hygro- 
meter being  then  introduced,  indicates  on  its 
scale  the  dryness  produced  in  the  enclosed  air, 
which  should  have  been  previously  brought  to 
the  point  of  extreme  humidity,  by  suspending 


ABS 

a  moistened  rag  within  the  bottle.  The  fol- 
lowing table  exhibits  the  results  of  experi- 
ments made  by  Fhifessor  Leslie  :— 

Alumina  causes  a  dryness  of    84  degrees. 
Carbonate  of  magnesia,      -      75 
Carbonate  of  lime,  -^  70 

Silica,        ^  .         .         40 

Carbonate  of  baryta,  -  32 
Carbonate  of  strontia,  -  23 
Pipeclay,  ...  85 
Greenstone^  or  trap  in  powder,  80 
Shelly  sea  sand,  .  .  70 
Clay  indurated  by  toirefilction,  35 
Clay  strongly  ignited,  -  8 
Greenstone  ignited,        -  23 

Quarts  do.        -        ^19 

Decomposed  greenstone,  86 

Greenstone  resolved  into  soil,  92 
Garden  mould,        -        -       95 

The  more  a  soil  is  eomminnted  by  labour  and 
^vegetation,  the  greater  is  its  absorbent  power. 
This  ingenious  philosopher  infers,  that  the 
fertility  of  soils  depends  chiefly  on  their  dis- 
position to  imbibe  moisture;  and  illustrates 
this  idea  by  recent  and  by  disintegrated  lava. 
May  not  the  finely  divided  state  most  pene- 
trable by  the  delicate  fibres  of  plants,  derive 
its  superior  power  of  acting  on  atmospherical 
vapour  from  the  augmentation  of  its  surftce 
or  the  multiplication  of  the  points  of  contact? 
In  similar  dreumstances  100  gr.  of  the 
following  organic  substances  absorb  the  fol- 
lowing quantities  of  moisture :  Ivory  7  gr. 
boxwood  14,  down  16,  wool  18,  beech  2^ 
Charcoal,  and  other  porous  solids  of  a  fibrous 
texture,  have  the  fiiculty  of  absorbing  gases 
in  a  remarkable  degree;— for  an  account  of 
M.  de  Saussure*s  excellent  experiments  on 
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which  subject,  see  the  article  Gas  in  this  Die-  from  the  ▼arious  colours  of  light,  are  called 

tionary. — LedU  on  Heat  and  JHoisture.  achromatic  telescopes. 

ABSORPTION.     The  passage  of  a  gas,         ACID&     The  most  important  dass  of 

or  Tapour,  into  a  liquid  or  solid  substance ;  or  chemical  compounds.     In  the  generalization 

of  a  liquid  into  the  pores  of  a  solid.  of  facts  presented  by  Lavoisier  and  the 


ACANTICONE.  See  Fistacite.  dated  French  chemists,  it  was  the  leading 
'  ACERATESb  The  acer  campestre,  or  doctrine  that  adds  resulted  from  the  union  of 
common  maple,  yields  a  milky  sweetish  sap,  a  peculiar  combustible  base  called  the  radical, 
containing  a  salt  with  basis  of  Ume,  possessed,  with  a  common  prindple  technically  called 
according  to  Scherer,  of  peculiar  properties,  oxygen,  or  the  addifier.  Thb  general  pod- 
It  is  white,  semitransparent,  not  altered  by  tlon  was  founded  chiefly  on  the  phenomena 
the  air,  and  soluble  in  nearly  100  parts  of  exhibited  in  the  formation  and  decomposition 
cold,  or  50  of  bdling  water.  of  sulphuric,  carbonic,  phosphoric,  and  nitric 

ACERIC  ACID.     See  Acm  (AcEUc).  adds;  and  was  extended  by  a  plausible  ana- 

ACESCENT.     Substances  which  become  logy  to  other  adds  whose  radicals  were  un- 

sour  spontaneously,  aa  vegetable  and  animal  known. 

juices,  or  infusions.     The  suddenness  with         **  1  have  already  shown,"  says  Lavoisier^ 

which  this  change  is  effected  during  a  thunder  "  that  phosphorus  is  changed  by  combustion 

storm,  even  in  corked  bottles,  has  not  been  into  an  extremely  light,  white,  ^flaky  matter, 

accounted  for.     In  morbid  states  of  the  sto-  Its  properties  are  likewise  entirely  altered 

mach,  also,  it  proceeds  with  astonishing  ra-  by  this  transformation :  from  bdng  insoluble 

pidity.    It  is  counteracted  by  bitters,  antadds,  in  water,  it  becomes  not  only  soluble,  but  so 

and  purgatives.  gi'eedy  of  mdsture  as  to  attract  ttte  humidity 

ACETATES.     Salts  formed  by  the  com-  of  the  air  with  astonishing  rapidity.     By  thia 

bination  of  acetic  add  with  alkalis,  earths,  means  it  is  converted  into  a  liquid,  consider- 

and  metallic  oxides.     See  Acm  (Acetic).  ably  mbre  denser  and  of  more  specific  gravity 

ACETIC  ACID.     See  Acid  (Acetic).  than  water.    In  the  stale  of  phosphorus  before 

ACETOMETER.  An  instrument  for  combustion,  it  had  scarcely  any  sensible  taste; 
estimating  the  strength  of  vinegars.  It  is  by  its  union  with  oxygen,  it  acquires  an  ex- 
described  under  Agio  (Acetic).  tremely  sharp  and  sour  taste :  in  a  word,  from 

ACETOUS.     Of  or  belonging  to  vinegar,  one  of  the  class  of  combustible  bodies,  it  ia 

See  Acid  (Acetic).  changed  into  an  incombustible  substance,  and 

A  CHI  RITE.    Emerald  Malachite ;  a  mi-  becomes  one  of  those  bodies  called  acids, 
neial  consisting  of  oxide  of  copper,  carbonate         "  This  property  of  a  combustible  substance* 

of  lime,  silica  and  water.     It  dismlves  in  glass  to  be  converted  into  an  add  by  the  addition 

of  borax,  and  imparts  a  green  polour  to  it.  of  oxygen,  we  shall  presently  find  belongs  to 

It  is  soluble  vrithout  effervescence  in  muriatic  a  great  number,  of  bodies.     Wherefore  strict 

add.  logic  requires  that  we  should  adopt  a  com- 

ACHMIT.    A  mineral  first  distinguished  mon  term  for  indicating  all  those  operationa 

by  Bergmdster  Strom.     It  has  a  brownish-  which  produce  analogous  results.    This  is  the 

black  or  reddish-brown  colour,   is  spotted^  true  way  to  simplify  the  study  of  sdenoe,  as  it 

greyish-green  in  the  fracture,  externally  of  a  would  be  quite  impossible  to  bear  all  its  spe^ 

glassy  lustre,  and  in  the  transverse  fracture  cific  details  in  the  memory  if  they  were  not 

glimmering.    Translucent  in  small  fragments,  classically  arranged.     For  this  reason  we  shall 

It  has  four  cleavages,  two  of  which  are  parallel  distinguish  the  conversion  of  phosphorus  into 

to  the  sides  of  an  oblique  four-sided  prism,  an  acid  by  its  union  with  oxygen,  and  in  ge- 

and  the  other  two^  less  obvious,  are  parallel  nend  every  combination  of  oxygen  with  a  oom- 

to  the  truncations  of  the  acute  lateral  edges.*  bustible  substance^  by  the  term  oxygenation : 

The  fracture  is  small  grained.     Specific  gra-  from  this  I  shall  adopt  the  verb  to  oxygenate, 

vity  5*24h     Hardness  such  as  to  scratch  glass,  and  of  consequence  shall  say,  that  in  oxyge- 

It  is  likewise  crystallised  in  obh'que  four-sided  nating  phosphorus,  we  convert  it  into  an  add. 
prisms,  with  truncated  lateral  edges,  and  very         *'  Sulphur  also,  in  burning,  absorbs  oxygen 

sharp  fbur-fiided  terminal  faces,  the  edges  of  gas ;  the  resulting  add  is  considerably  heavier 

which  correspond  with  the  lateral  edges  of  the  than  the  sulphur  burnt;  its  weight  is  equal 

oblique  prism.     The  sides  are  channelled  in  to  the  sum  of  the  wdghts  of  the  sulphur 

the  direction  of  their  length.     According  to  which  has  bcgm  burnt,  and  of  the  oxygen  ab- 

Berzelius  this  mineral  contains— silica  55.25,  sorbed ;  and,  lastly,  this  add  is  weighty,  in- 

peroxide  of  iron  dl.25»  protoxide  of  manga-  combustible^  and  misdble  with  water  in  all 

nese  1.08,  lime  0.72,  soda  10.40,  oxide  of  proportions. 

titanium  a  tracer     He  considers  it  as  a  bisili-         **  I  might  multiply  these  experiments,  and 

cate  of  soda,  combined  with  a  bisilicate  of  show,  by  a  numerous  succession  of  facts,  that 

iron.  all  adds  are  formed  by  the  combustion  of 

ACHROMATIC     Tdescopes  formed  of  certain  substances ;  but  I  am  prevented  from 

a  combination  of  lenses,  which  in  a  great  doing  so  in  this  place  by  the  plan  which  I 

neasura  correct  the  optical  aberration  arising  have  laid  down,  of  proceeding  only  from  fact» 


ACIDS 


3 


IN  GENERAL. 


•iMfldy  necrtained  to  each  aa  are  unknown^ 
aod  of  diawing  my  eiamplea  only  from  cir- 
CfonBtaQoea  already  explained.  In  the  mean 
time^  howerer,  the  ezampleB  above  dted  may 
aulBce  for  giving  a  clear  and  accurate  con- 
cqitioa  of  the  manner  in  which  acids  are 
lonned.  By  these  it  may  be  clearly  seen  that 
Oixygen  is  an  dement  common  to  them  all, 
and  which  constitutes  or  produces  their  aci- 
dity; and  that  they  differ  from  each  other 
according  to  the  seteral  natures  of  the  oxy- 
genated or  acidified  substances.  We  must, 
thcfefore^  in  erory  add  carefully  distinguish 
batweeu  the  addifiable  base,  which  M.  de 
Morreao  calls  the  radical,  and  the  addilying 
pfiadple  or  oxygen."  Elements,  p.  115.— > 
**  AltixNigh  we  have  not  yet  been  able  either 
to  compose  or  toilecompound  this  add  of  sea 
salt,  we  cannot  have  the  smallest  doubt  that 
i^  like  all  other  adds,  is  composed  by  the 
vaion  of  oxygen  with  an  addifiable  base^ 
We  bavcy  therefore,  called  this  unknown  sub- 
stance the  muriatic  base^  or  muriatic  radicaL'* 
P.  122: 5th  Edition. 

BerthoUet*B  sound  discrimination  led  him 
to  maintain  that  Layoisier  had  given  too  much 
Islitude  to  the  idea  of  oxygen  bdng  the  uni- 
venal  addifying  prindple.  *'  In  fact,*'  says 
be^  "  it  is  carrying  the  limits  of  analogy  too 
lar  to  infer,  that  all  addity,  even  that  of  the 
mvriatic,  fluoric,  and  borsdc  adds,  arises 
from  oxygen,  because  it  gives  addity  to  a 
great  number  of  substances.  Sulphuretted 
hydrogen,  which  really  possesses  the  proper- 
ties of  an  add,  proves  directly  that  addity 
is  not  in  all  cases  owing  to  oxygen,  lliere 
is  no  better  foundation  for  concluding  that 
hydrogen  is  the  prindple  of  alkalinity,  not 
only  in  the  alkalis  properly  so  called,  but 
also  in  magnesia,  lixne,  strontia,  and  baryta, 
because  ammonia  appears  to  owe  its  alkalinity 
to  hydrogen. 

**  These  ooosiderations  prove  that  oxygen 
may  ba  regarded  as  the  most  usual  prindple 
of  addity,  but  that  this  spedes  of  affinity  for 
the  alkalis  may  bdong  to  substances  which 
do  not  contain  oxygen;  that  we  most  not^ 
theiefore,  always  infor,  from  the  addity  of  a 
fobslanee^  that  it  contdns  oxygen,  although 
this  may  be  an  inducement  to  suspect  its  ex- 
iftenoe  in  it:  still  less  should  we  conclude, 
bt^«f»  a  substance  contains  oxygen,  that  it 
most  have  add  properties;  on  the  contrary, 
the  acidity  of  an  oxygenated  substance  shows 
that  the  oxygen  has  only  experienced  an  in^- 
oompleie  saturation  in  it,  since  its  properties 
remain  predominant.'* 

Amid  the  just  views  which  prevade  the 
cariy  part  of  this  quotation  from  BertboUet, 
it  is  curious  to  remark  the  solecism  with 
which  it  terminates.  For  after  maintdning 
that  acidity  may  eiist  independent  of  oxygen, 
and  that  the  presence  of  oxygen  does  not  n&- 
ily  constitute  acidity,  he  concludes  by 


considering  addity  as  the  attribute  of  unsatu- 
rated oxygen. 

This  unwarrantable  generalization  of  the 
French  chemists  concerning  oxygen,  which 
had  succeeded  Stahl's  equally  unwarrantable 
generalization  of  a  common  prindple  of  oon^ 
bustibility  in  all  combustible  bodies,  was  first 
experimentally  combated  by  Sir  H.  Davy,  in 
a  series  of  admirable  dissertations  published 
in  the  Philosophical  Transactions. 

His  first  train  of  experiments  was  instituted 
with  the  riew  of  operating  by  voltaic  electridty 
on  muriatic  and  other  adds  freed  from  water. 
Substances  which  are  now  known  by  the  names 
of  chlorides  of  phosphorus  and  tin,  but  which 
he  then  supposed  to  contain  dry  muriatic  acid, 
led  him  to  imagine  that  intimately  combined 
water  was  the  real  acidifying  prindple,  since 
add  properties  were  immediately  developed  in 
the  above  substances  by  the  addition  of  that 
fluid,  though  previously  they  exhibited  no  add 
powers.    In  July  1810,  however,  he  advanced 
those  celebrated  views  concerning  acidification, 
which,  in  the  opinion  of  the  best  judges,  dis- 
play  an  unrivalled  power  of  sdentific  resesrch. 
The  conclusions  to  which  these  led  him  were 
incompatible  with  the  general  hypothesis  of 
Lavoisier.     He  demonstrated  that  oxymuri- 
atic  add  is,  as  far  as  our  knowledge  extends^ 
a  timple  substance,  which  may  be  classed  in 
the  same  order  of  natural  bodies  as  oxygen 
gas,  bdng  determined  like  oxygen  to  the 
positive  surface  in  voltuc  combinations,  and 
like  oxygen  combining  with  inflammable  sul^ 
stances,  produdng  heat  and  light.     The  com* 
binations  of  ox3rnmriatic  add  with  inflanh- 
mable  bodies  were  shown  to  be  analogous  to 
oxides  and  adds  in  tfadr  properties  and  powen 
of  combination,  but  to  differ  from  them  in 
being  for  the  most  part  decomposable  by 
water ;  and  finally,  that  oxymuriatic  add  has 
a  stronger  attraction  for  most  inflammable 
bodies  than  oiygen.     His  preceding  decom- 
position of  the  alkalis   and   earths  baring 
evinced  the  absurdity  of  that  nomenclature 
which  gives  to  the  general'  and  essential  con- 
stituent of  alkaline  nature^  the  term  oxygen  or 
acidifier ;  his  new  discovery  of  the  simplicity  of 
oxymuriatic  add  showed  the  theoretical  sys- 
tem of  chemical  language  to  be  equally  vicious 
in  another  respect     Hence  this  philosopher 
most  judidously  discarded   the  i^ipdlation 
oxymuriatic  add,  and  introduced  in  its  place 
the  name  chlorine,  which  merely  indicates  an 
obvious  and  permanent  character  of  the  sul^ 
stance,  its  greenish-ydlow  colour.    The  more 
recent  investigations  of  chemists  on  fluoric, 
hydriodic,  and  hydrocyanic  adds,  have  brought 
powerful  analogies  in  support  of  the  chloiidic 
theory,  by  showing  that  hydrogen  done  can 
convert  certdn  undecompounded  bases  into 
adds  wdl  characterized,  without  the  dd  of 
oxygen.     Dr  Murray  indeed  endeavoured  to 
revive  and  new-model  the  early  opinion  of  Sir 
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H.  Davj,  eoncerning  the  necessity  of  the  pre-  quired  tban  from  the  action  of  either  tdone*. 
sence  of  water,  or  its  elements,  to  the  consti-  Sulphur  affords  a  striking  example  of  this» 
tution  of  acids.  He  conceiYed  that  many  adds  With  hydrogen  it  forms  a  weak  acid.  With 
are  ternary  compounds  of  a  radical  with  oxy-  oxygen  it  also  forms  an  add,  which,  though 
gen  and  hydrogen ;  but  that  the  two  latter  in-  of  superior  energy,  still  does  not  display 
gredients  do  not  necessarily  exist  in  them  in  much  power.  With  hydrogen  and  oxygen 
the  state  of  water.  Oil  of  Yitriol,  for  instance,  it  seems  to  receive  the  acidifying  influence 
in  this  view,  instead  of  consisting  of  81.5  real  of  both,  and  its  addity  b  proportionally  ex- 
add,  and  18.5  water,  in  100  parts,  maybe  alted. 

regarded  as  a  compound  of  32.6  sulphur  -f-         **  Nitrogen,  with  hydrogen,  forms  a  com- 

65.2  oxygen  -{-2.2  hydrogen.     Wlien  it  is  pound  altogether  destitute  of  addity,   and 

saturated  with  an  alkaline  base,  and  exposed  possessed  even  of  qualities  the  reverse.     With 

to  heat,  the  hydrogen  unites  to  its  equivalent  oxygen,  in  two  definite  proportions,  it  forma 

quantity  of  oxygen,  to  form  water,  which  ev»-  oxides ;  and  it  is  doubtful  if,  in  any  propor- 

porates,  and  the  remaining  oxygen  and  the  sul-  tion,  it  can  establish  with  oxygen  an  insulated 

phur  combine  with  the  base.     But  when  the  add.    But  with  oxygen  and  hydrogen  in  union 

add  is  nude  to  act  on  a  metal,  the  oxygen  it  forms  nitric  add,  a  compound  more  per- 

partly  uniteato  it,  and  hydrogen  alone  escapes,  manent,  and  of  energetic  action.  '* 

**  Nitric  add,  in  its  highest  state  of  con-         It  is  needless  to  give  at  more  detail  Dr 

centration,  is  not  a  definite  compound  of  real  Murray's  speculations,  which,  supposing  them 

add,  with  about  a  fourth  of  its  wdght  of  plausible  in  a  theoretical  point  of  view,  seem 

water,  but  a  ternary  compound  of  nitrogen,  barren  in  practice.     It  is  sufficiently  singular, 

oxygen,  and  hydrogen.     Phosphoric  acid  is  that,  in  an  attempt  to  avoid  the  transformap* 

tk  triple  compound  of  phosphorus,  oxygen,  tions,  which,  on  his  notion  of  the  chloridic 

and  hydrogen ;  and  phosphorous  add  is  the  theory,  a  little  moisture  operates  on  common 

proper  binary  compound  of  phosphorus  and  salt,  instantly  changing  it  from  chlorine  and 

oxygen.    The  oxalic,  tartaric,  and  other  reg&-  sodium  into  muriatic   acid   and   soda,    Dr 

table  adds,  are  admitted  to  be  ternary  com-  Murray  should  have  actually  multiplied,  with 

pounds  of  carbon,  oxygen,  and  hydrogen ;  and  one  hand,  the  very  difficulties  which  he  had 

are  therefore  in  strict  conformity  to  the  doe-  laboured,  vrith  the  other,  to  remove, 
trine  now  illustrated.  He  thinks  it  doubtful  if  nitrogen  and  oxy- 

**  A  relation  of  the  elements  of  bodies  to  gen  can  alone  form  an  insulated  add.     Hy- 

acidity  is  thus  discovered  different  fVom  what  drogen  he  concdves  essential  to  its  energetic 

has  hitlierto  been  proposed.     When  a  series  action.     What,  we  may  ask  then,  exists  in 

of  compounck  exist,  which  have  certain  com-  dry  nitre^  which  contains  no  hydrogen  ?     Is 

roon  characteristic  properties,  and  when  these  it  nitric  add,  or  merely  two  of  its  elemental 

compounds  all  contain  a  common  element,  in  want  of  a  little  water  to  furnish  the  re- 

vre  conclude,  with  justice,  that  tliese  proper-  quisite  hydrogen  ?     The  same  questions  may 

ties  are  derived  more  peculiarly  from  the  ao-  be  asked  relative  to  the  sulphate  of  potashi 

ti6n  of  this  elepient.     On  this  ground  La-  Since  he  conceives  hydrogen   necessary  to* 

voider  inferred,  by  an  ample  induction,  that  communicate  full  force  to  sulphuric  and  ni- 

oxygen  is  a  prindple  of  acidity.     BerthoUet  trie  adds,  the  moment  they  lose  thdr  water 

brought  into  riew  the  conclusion,  that  it  is  they  should  lose  thdr  saturating  power,  and 

not  exdusively  so,  from  the  examples  of  prus-  become  incapable  of  retaining  caustic  potasli 

sic  add  and  sulphuretted  hydrogen.     In  tlie  in  a  neutral  state.     Out  of  tliis  dilemma  he 

latter,  addity  appeared  to  be  produced  by  the  may  indeed  try  to  escape,  by  saying,  that 

action  of  hydrogen.     Hie  discovery  by  Gay  moisture  or  hydrogen  is  equally  essential  to- 

Lussac,  of  the  compound  radical  cyanogen,  alkaline  strength,  and  that  therefcn^  the  same 

and  its  conversion  into  pnisdc  add  by  the  desiccation  or  de-hydrogenation  which  impairs 

addition  of  hydrogen,  confirmed  this  conclu-  the  add  power,  impairs  also  that  of  its  aJka- 

sion;   and  the  discovery  of  the  relations  of  line  antagonist     The  result  must  evidently 

iodine  still  further  established  it.     And  now,  be,  that,  in  a  saKne  hydrate  or  solution,  we 

if  the  preceding  views  are  just,  the  system  have  the  redprocal  attractions  of  a  strong  acid 

must  be  still  further  modified.     While  each  and  alkali,  while,  in  a  dry  salt,  the  attractive 

of  these  conclusions  is  just  to  a  certain  ex-  forces  are  those  of  relatively  feeble  bodies* 

tent,  each  of  them  requires  to  be  limited  in  On  this  hypothesis,  the  difference  ought  to  be 

some  of  the  cases  to  which  they  are  applied  ;  great  between  dry  and  moistened  sulphate  oT 

and  while  addity  is  sometimes  exclusively  potash.     Carbonic  add  he  admits  to  be  desti- 

connected  vrith  oxygen,  sometimes  with  hy-  tute  of  hydrogen ;  yet  its  saturating  power  is 

drogen,  the  prindple  must  also  be  admitted,  very  conspicuous  in  neutralizing  dry  lime, 

that  it  is  more  frequently  the  result  of  thdr  Again,  oxalic  add,  by  the  last  analysis  of 

combined  operation.  Bmelkis^  as  weU  as  my  own,  contains  no 

**  There  appears  even  sufficient  reason  to  hydrogen.    It  differs  from  the  auhonic  only  in 

infer,  that,  from  the  united  action  of  these  the  proportion  of  its  two  constituents.     And 

elements,  a  higher  degree  of  acidity  is  ac-  oxalic  acid  is  appealed  to  by  Dr  Murray  as  a 
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proof  of  the  superior  acidity  iMitowed  by  &  They  unite  in  definite  proportions  with 

hydrogen.  the  alkalis,'  earths,  and  metallic  oxides,  and 

On  what  grounds  he  decides  carbonic  to  be  form  the  important  class  of  Salts.  This  may 
«  ieebler  acid  than  oxalic,  it  is  difficult  to  be  reckoned  their  characteristic  and  indis- 
aee.  By  Bertbollet*s  test  of  addity,  the  pensable  property.  The  powers  of  the  dif- 
former  is  more  energetic  than  the  latter  in  ferent  acids  were  originally  estimated  by  their 
4fae  pvoportion  of  100  to  about  56 ;  for  these  relative  causticity  and  sourness,  afterwards 
numbers  are  inversely  as  the  quantity  of  each  by  the  scale  of  their  attractive  force  towards 
requiate  to  saturate  a  given  base.  If  he  be  any  particular  base,  and  next  by  the  quantity 
indined  to  reject  this  rule^  and  appeal  to  the  of  the  base  which  they  could  respectively 
decompadtion  of  the  carbonates  by  oxalic  neutralise.  But  Berthollet  proposed  the 
add,  as  a  criterion  of  relative  add  power,  let  converse  of  this  last  criterion  as  the  measure 
Its  adduce  hia  mt^  commentary  on  the  sta-  of  their  powers.  **  The  power  with  which 
tical  affinities  of  Berthollet,  where  he  ascribes  they  can  exerdse  thdr  addity,"  he  estimates 
such  changes,  noW|p  a  superior  attraction  in  **  by  the  quantity  of  each  of  the  adds  which 
the  decomposing  soostanoe,  but  to  the  elastic  is  required  to  produce  the  same  effect,  viz.  to 
tendency  of  that  which  is  evolved.  Ammonia  saturate  a  given  quantity  of  the  same  alkali." 
separates  magnena  fifxim  its  muriatic  solution  It  is  therefore  the  capadty  for  saturation  of 
at  coDomon  temperatures;  at  the  boiling  beat  each  add,  which,  in  ascertaining  its  addity, 
of  water,  magnesia  separates  ammonia.  Car-  according  to  him,  gives  the  comparative  force 
bonate  of  ammonia,  at  temperatures  under  of  the  affinity  to  which  it  is  owing.  Hence 
230^,  predpitates  carbonate  of  lime  from  the  he  infers,  that  the  affinity  of  the  difierent 
muriate ;  at  higher  temperatures,  the  inverse  adds  for  an  alkaline  base,  is  in  the  inverse 
decomposition  takes  place  with  the  same  in-  ratio  of  the  ponderable  quantity  of  each  of 
gredients.  If  the  oxalic  be  a  more  energetic  them  which  is  necessary  to  neutralise  an  equal 
add  than  the  carbonic,  or  mnk  higher  in  the  quantity  of  the  same  slkaline  base.  An  add 
scale  of  addity,  then,  on  adding  to  a  given  is,  therefore,  in  this  view,  the  more  powerful* 
weight  of  liquid  muriate  of  lime  a  mixture  of  when  an  equal  weight  can  saturate  a  greater 
oxalate  and  carbonate  of  ammonia,  each  in  quantity  of  an  alkalL  Hence,  all  those  sub- 
equivalent  quantity  to  the  calcareous  salt,  stances  which  can  saturate  the  alkalis,  and 
oxalate  of  lime  ought  alone  to  be  separated,  cause  their  properties  to  disappear,  ought  to 
It  will  be  found,  on  the  contrary,  by  the  test  be  classed  among  the  adds ;  in  like  manner, 
of  aoedc  add,  that  as  much  carbonate  of  lime  among  the  alkalis  should  be  placed  all  those 
will  predpitate  as  is  suffident  to  unsettle  these  which,  by  their  union,  can  saturate  addity. 
speculations.  And   the  capadty  for  saturation  being  the 

Finally,  dry  nitre^  and  dry  sulphate  of  measure  of  this  property,  it  should  be  em- 
potash,  are  placed,  by  this  supposition,  in  as  ployed  to  form  a  scale  of  the  comparative 
mysterious  a  predicament  as  dry  muriate  of  power  of  alkalis  as  well  as  that  of  adds. 
soda  in  the  chloridic  theory.  Deprived  of  However  plausible,  a  priori,  the  opinion  of 
hydrogen,  thdr  add  and  alkali  are  enfeebled  this  illustrious  philosopher  may  be,  that  the 
or  totally  changed.  With  a  little  water,  both  smaller  the  quantity  of  an  add  or  alkali  re- 
instantly  recruit  thdr  powers.  In  a  word,  quired  to  saturate  a  given  quantity  of  its  an- 
the  solid  sulphuric  add  of  Nordhausen,  and  tagonist  prindple,  the  higher  should  it  rank 
the  dry  potash  of  potassium,  are  alone  suf-  in  the  scale  of  power  and  affinity,  it  will  not, 
fident  to  subvert  this  whole  hypothesis  of  by-  however,  accord  with  chemical  phenomena, 
drogenation.  100  parts  of  nitric  add  are  saturated  by  about 

We  shall  introduce^  under  the  head  of  36^  of  magnesia,  and  52^  of  lime.     Hence, 

alkali,  some  analogous  speculations  by  Dr  by  Berthollet's  rule,  the  powers  of  these  earths 

Murray  on  the  influence  of  the  elements  of  ought  to  be  inversely  as  thdr  quantities,  viz. 

water  on  that  ckus  of  bodies.     Edin,  PhiL  1,1           ^    .                       .        » 

Trams.  voLviiL  part  2d.  36i        52i'  ^®    ^  ^"^  ^^^^^  *^^ 

takes  place,  for  lime  separates  magnesia  from 

After  these  observations  on  the  nature  of  nitric  acid.     And  in  the  present  example,  the 

addity,  we  shall  now  state  the  general  proper-  difference  of  effect  cannot  be  imputed  to  the 

ties  of  the  adds.  difference  of  force  with  which  the  substances 

1.  The  taste  of  these  bodies  is  for  the  most  tend  to  assume  the  solid  state. 

part  sour,  as  thdr  name  denotes;  and  in  the  We  Iwve  therefore  at  present  no  single 

stronger  spedes  it  is  acnd  and  corrosive.  acidifying  prindple,  nor  absolute  criterion  of 

2.  They  generally  combine  with  water  in  the  scale  of  power  among  the  different  adds ; 
every  proportion,  vrith  a  condensation  of  vo-  nor  is  the  want  of  this  of  great  importance, 
lume  and  evolution  of  heat  Experiment  furnishes  us  with  the  order  of  de- 

a  With  a  few  exceptions  they  are  vola-  composition  of  one  addo-alkaUne  compound 

tilixed  or  decomposed  at  a  moderate  heat  by  another  add,  whether  alone,  or  aided  by 

4w  They  usoaUy  change  the  purple  colours  temperature;  and  this  is  all  which  practical 

of  vegetables  to  a  bright  red.  chemistry  seems  to  require. 
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Before  entering  on  the  particular  adds, 
we  shall  here  describe  the  genei^  process  by 
which  M.  Thenard  has  lately  succeeded  in 
communicating  to  many  of  them  apparently 
a  surcbaige  of  oxygen,  and  thus  producing  a 
supposed  new  class  of  bodies,  the  oxygenized 
acids,  which  are,  in  reality,  combinations 
of  the  ordinary  acids  with  oxygenized  water, 
or  with  the  deutoxide  of  hydrogen.  The 
first  notice  of  these  new  compounds  ap- 
peared in  the  jtnn,  de  Chimie  et  Phynque, 
viii.  306,  for  July  1818;  since  which  time 
several  additional  communications  of  a  very 
interesting  nature  have  been  made  by  the 
'same  celebrated  chemist  He  has  likewise 
formed  a  compound  of  water  with  oxygen,  in 
which  tlie  proportion  of  the  latter  principle  is 
doubled,  or  616  times  its  volume  is  added. 
The  methods  of  oxygenizing  the  liquid  adds 
and  water  agree  in  this,  ^at  deutoxide  of 
barium  is  formed  first  of  all,  from  which  the 
above  liquids,  by  a  subsequent  process,  derive 
their  oxygen.  He  prescribes  the  following 
precautions,  without  which  success  will  be 
only  partial  :— 

1.  Nitrate  of  baryta  should  first  be  ob» 
tained  perfectly  pure,  and,  above  all,   free 
from  iron  and  manganese.     The  most  certain 
means  of  procuring  it  is  to  dissolve  the  ni- 
trate in  water,  to  lutd  to  the  solution  a  small 
excess  of  baiyta  water,  to  filter  and  cry»- 
tallise.     %  The  pure  nitrate  is  to  be  decom- 
posed by  heat.     This  ought  not  to  be  done 
in  a  common  earthenware  retort,  because  it 
contains  too  much  of  the  oxides  of  iron  and 
manganese,  but  in  a  perfectly  white  porcelain 
Ktort     Four  or  five  pounds  of  nitrate  of 
baryta  may  be  decompcsed  at  once,  and  the 
process  wUl  require  about  three  hours,     The 
baryta  thus  procured  will  contain  a  consider- 
able qoanti^  of  silex  and  alumina;  but  it 
will  have  only  very  minute  traces  of  manga^ 
nese  and  iron,   a  circumstance  of  essential 
importance.      3.  The  baryta,   divided  by  a 
knife  into  pieces  as  large  as  the  end  of  the 
thumb,  should  then  be  placed  in  a  luted  tube 
of  glass.     This  tube  should  be  long,  and 
laige  enough  to  contain  from  2^  to  3}  lbs. 
It  is  to  be  surrounded  with  fire,  and  heated 
to  dull  redness,  and  then  a  current  of  dry 
oxygen  gas  is  to  be  passed  through  it.    How- 
ever rapid  the  current,  the  gas  is  completely 
absorbed;    so  that  when  it  passes  by   the 
small  tube,  which  ought  to  terminate  the 
laiger  one,  it  may  be  conclqded  that  the 
deutoxide  of  barium  is  completed.     It  is, 
however,  right  to  continue  the  current  for 
seven  or  eight  minutes  more.     Then  the  tube 
bdng  nearly  cold,  the  deutoxide,  which  is  of 
a  light  grey  colour,  is  taken  out,  and  pre- 
sennBd  in  stoppered  bottles.     When  this  i« 
moistened  it  fiills  to  powder,  without  much 
increase  of  temperature.     If  in  this  state  it 
be  mixed  with  seven  or  eight  times  its  weight 
of  water,  and  a  dilute  acid  be  poured  in,  it 


diflflolves  gnulually  by  agitation,  without  the 
evolution  of  any  gas.  The  solution  is  neutral, 
or  has  no  action  on  turnsole  or  turmeric 
When  we  add  to  this  solution  the  requisite 
quanti^  of  sulphuric  add,  a  copious  preci- 
pitate of  baryta  fidls,  and  the  filtered  liquor 
is  merely  water,  heading  in  solution  the  oxy- 
genized add,  or  deutoxide  of  hydrogen,  com* 
bined  with  the  add  itself. 

The  class  of  adds  has  been  distributed  into 
three  orders,  according  as  they  are  derived 
from  the  mineral,  the  vegetable,  or  the  animal 
kingdom.  But  a  more  apedic  distribution 
u  now  requisite.  They  have  also  been  ar- 
ranged into  those  which  jbave  a  single^  and 
those  which  have  a  compound  basis  or  radicaL 
But  this  arrangement  is  not  only  vague,  but 
liable  in  other  respects  to  considerable  objec- 
tions. The  chief  advantage  of  a  dasstfication 
is  to  give  general  views  to  beginners  in  the 
study,  by  grouping  together  such  substances 
as  have  analogous  properties  or  composition. 
These  objects,  it  is  hoped,  will  be  tolerably 
wdl  attained  by  the  following  divisions  and 
subdivisions. 

Division  Ist,  Adds  from  inorganic  nature^ 
or  which  are  procurable  without  having  re- 
course  to  animal  or  v^etable  products. 

Division  2d,  Adds  elaborated  by  means  of 
organization. 

Hie  first  group  is  subdivided  into  three 
families :  1st,  Oxygen  acids ;  2d,  Hydrogen 
adds ;  3d,  Adds  destitute  of  both  these  sup* 
posed  addifiers. 


Family  1st- 
Section  Ist, 

1.  Boracic 

2.  Bromic. 

3.  Carbonic. 

4.  Chloric 

5.  Perdilcmc 

6.  ChlorocariMnic 

7.  lodous. 

8.  Nitrous. 

9.  Hyponitric. 

10.  Nitric 

11.  Hyponitrous. 


-Oxygen  adds. 
Non-metallic 

12.  Iodic 

13.  lodo-sulphuric 
14^  Hypophosphoroua* 

15.  Phosphorous. 

16.  Phosphatic 

17.  Phosphoric 

18.  Hyposulphuroua. 

19.  Sulphurous. 

20.  Hyposulphuric 

21.  Sulphuric 

22.  Cyanic 


Section  2d,  Oxygen  acids^Metalh'c 

1.  Arsenic  8.  Manganesous. 

2.  Arsenious.  9.  Molybdic 

3.  Antimonious.  10.  Molybdous. 
^  Antimonic  11.  Selenic 

5.  Chromic  12.  Selenious. 

6.  Columbic  13.  Titanic 
7r  Manganesic  14.  Tungstic 

Family  2d«— -Hydrogen  adds. 

1.  Fluoric  6.  Hydrobromic 

2.  Hydriodic  7.  Hydroselenic 

3.  Hydrochloric,  or     8^  Hydrocyanic 

Muriatic.  9.  Hydrosulphurous, 

4.  Ferrocyanic  10.  Hydrotellurous. 

5.  Fluotitanic  11.  Sulphocyanic. 
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Vmadty  SdL-^^Adds  withoot  oiygen  or 
hjdrogen. 
I.  eUcuriodic.  a  Fluoboric. 

2L^  Chkrocyaiiic.         4.  Fluodlicic. 

Diviaion  2d.—- Acids  of  oiganic  origin. 

1.  Abifltic  35w  MaUc 

2.  Aceric  36.  Meoonic. 

3.  Acetic.  37.  Meoispermic? 
4k  ^AJoetic.  38.  Margaric 

&  Ammodc.  39.  Melttsic. 

e.  Amyb'c.  40.  Mellitic. 

7.  Bensric  41.  Morozylic. 

&  Boledc.  42.  Mucic? 

9.  Bombic.  4a  Nuiceic? 

IOl  Butyric.  44  Nitro-leucic. 

11.  Camphoric.  45.  Nitro-aaccharic. 

12.  Capric,  Caproic.  46.  Oleic. 
la  Carbaaotic  47.  Oxalic. 
14.  Caceic.  48.  Pectic 
]&,  Cevadic.  49.  Pbocenic. 

16.  Choletrteric.  50.  Hoic. 

17.  CStric.  51.  Purpuric 

18.  Crocooic  52.  Pyrocttric. 

19.  Delphinic  5a  I^roUtbic. 

20.  Ellagic?  54.  PyromaUc 

21.  Formic.  55.  Fyrotartaric 

22.  Falmintc.  56.  Rosacic. 
2a  Fongic  57.  .fiackctic. 
24^  GalGc  5a  Sebadc 

25.  Gbncic  59.  Silric 

26.  Hinac.  60.  Solanic. 

27.  Hydrozaiithic  61.  Stearic. 

28.  lodigoic.  62.  Suberic. 
20.  Igasaric  6a  Suodnic. 
3a  Kinic  64.  Solpho- 

31.  Lacdc  naphthalic 

32.  Lactic.  65.  Sulpbovinic. 
3a  Lampic.  66.  Tartaric. 

34w  litbic  or  Uric.      67.  Vegeto-sulphuric 

The  acids  of  this  last  dirision  are  all  decom- 
posable at  a  red  heat,  and  afford  generally  car- 
bon, hydrogen,  oxygen,  and  in  some  few  cases 
abo  nitrogen.  The  mellitic  is  found  like  amber 
in  wood  coal,  and,  like  it,  is  undoubtedly  of 
organic  origin.  We  shall  treat  of  them  all  in 
alphabetical  order,  only  joining  those  adds  to- 
gether which  graduate,  so  to  q>eak,  into  each 
other,  as  hyposulphurousy  sulphurous,  hypo- 
sttlpbuiic,  and  sulphuric. 

ACID  (ABIETIC).  A  substance,  cry». 
talKsttg  in  square  plates,  soluble  in  alcohol, 
and  capable  of  forming  nits  with  the  alkalis, 
extracted  from  the  resin  of  the  Pimu  Abies 
by  M.  Baup  of  Lausanne. 

ACID  (ACERIC).  A  peculiar  acid  said 
to  exist  in  the  juice  of  the  maple.  It  is  decom- 
poaed  by  heat,  like  the  other  vegetable  adds. 

ACID  (ACETIC).  The  same  add  which, 
in  a  Tery  dilute  and  somewhat  impure  state^ 
is  called  rinegar. 

This  add  is  found  combined  with  potash 
in  the  juices  of  a  great  many  plants ;  particu- 
lariy  the  sambucus  nigra,  phcenix  dactilife- 
la,  galium  verum»  and  rhus  typhinus.     Sweat, 


urine^  and  even  fresh  milk,  contain  it  It  is 
frequently  generated  in  the  stomachs  of  dys- 
peptfc  patients.  Almost  all  dry  vegetable 
substances,  and  some  animal,  subjected  in 
close  vesseb  to  a  red  heat^  yield  it  copiously. 
It  is  the  result  likewise  of  a  spontaneous  fer- 
mentation, to  which  liquid  vegetable,  and  ani- 
mal matters  are  liable.  Strong  acids,  as  the 
aolpharic  and  nitric,  develop  the  acetic  by 
their  action  on  v^etables.  It  was  long  sup- 
posed, on  the  authority  of  Boerhaave,  that 
the  fermentation  which  {orms  vinegar  is  uni- 
formly preceded  by  the  vinous.  This  is  a 
mistake.  Cabbages  sour  in  water,  making 
sour  crout;  starch,  in  starch-makers*  sour 
waters;  and  dough  iiself,  wi&out  any  pre- 
vious production  of  wine. 

The  varieties  of  acetic  adds  known  in  com- 
merce are  four:  Ist,  Wine  vinegar;  2d, 
Malt  rinegar ;  3d,  Sugar  rin^ar ;  4^,  Wood 
vinegar.  We  shall  describe  first  the  mode  of 
making  these  commerdal 'articles,  and  then 
that  of  extracting  the  absolute  acetic  add  of 
the  chemist,  either  from  these  vinegars,  or 
directly  from  chemical  compounds,  of  which  it 
is  a  constituent. 

The  following  is  the  plan  of  making  vine- 
gar at  present  practised  in  Paris.  The  wine 
destined  for  vinq;ar  is  mixed  in  a  large  tun 
with  a  quantity  of  wine  lees,  and  tiie  whole 
bdng  transferred  into  clodi  sacks,  placed 
within  a  large  iron-bound  vat,  the  liquid 
matter  is  extruded  through  the  sacks  by  super- 
incumbent pressure.  What  passes  through 
is  put  into  large  casks,  set  upright,  baring 
a  small  aperture  in  thdr  top.  In  these  it  is 
exposed  to  tlie  heat  of  the  sun  in  summer,  or 
to  that  of  a  stove  in  winter.  Fermentation 
supervenes  in  a  few  days.  If  the  heat  should 
then  rise  too  high,  it  is  lowered  by  cool  air, 
and  the  addition  of  fresh  wine.  In  the  skil- 
ful regulation  of  the  fermentative  teroperatura 
consists  tiie  art  of  making  good  wine  vinegar. 
In  summer,  the  process  is  generally  completed 
in  a  fortnight :  in  winter,  double  the  time  is 
requisite.  The  rinegar  is  then  run  off  into 
barrels,  which  contain  several  chips  of  birch- 
wood.  In  about  a  fortnight  it  is  found  to  be 
clarified,  and  is  then  fit  for  the  market  It 
must  be  kept  in  close  casks. 

The  manufacturers  at  Orleans  prefer  vrine 
of  a  year  old  for  making  vinegar.  But  if 
by  age  the  wine  has  lost  its  extractive  mat- 
ter, it  does  not  readily  undergo  the  acetous 
fermentation.  In  this  case,  acetification,  as 
the  French  term  the  process,  may  be  deter- 
mined, by  adding  slips  of  vines,  bunches  of 
grapes,  or  green  woods.  It  has  been  asserted 
that  alcohol,  added  to  fermentable  Uquor, 
does  not  increase  the  product  of  rinegar. 
But  this  is  a  mistake.  Stahl  observed  long 
ago,  that  if  we  moisten  roses  or  lilies  with 
alcohol,  and  place  them  in  vessek  in  which 
they  are  stirred  from  time  to  time,  vinegar 
will  be  formed.     He  also  informs  as,  if  after 
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« 

abstractiiig  the  citric  acid  finom  lemon  juice  sary  to  buy  at -first  a  small  cask  of  good 

by  crabs'  eyes  (caibonate  of  lime),  we  add  a  vinegar. 

little  alcohol  to  the  supernatant  liquid, 'and  At  Gand  a  Yinegar  from  beer  is  made,  ih 

place  the  mixture  in  a  proper  temperature,  which  the  following  proportions  of  grain  are  . 

vinegar  will  be  formed.  found  to  be  most  advantageous  :•— 

Chaptal  says,  that  two  pounds  of  weak  1880  Paris  lbs.  malted  barley, 

spirits,  sp.  gr.  0.985,  mixed  with  300  grains  700            t-             wheat 

of  beer  yeast  and  a  little  starch  wate^  pro-  500            —             buckwheat 

duced  extrsmely  strong  vinegar.     The  Ikad  These  grains  are  ground,  mixed,  and  boiled; 

was  developed  on  the  fifth  day.     Tlie  eame  along  with  twenty-seven  casks-full  of  river 

quantity  of  starch  and  yeast,   without  the  water,  for  three  hours.     Eighteen  casks  of 

spirit,  fermented  more  slowly,  and  yielded  a  good  beer  for  vinegar  are  obtained.     By  a 

weaker  vin^ar.     A  slight  motion  is  found  subsequent  decoction,  more  fermentable  liquid 

to  favour  the  formation  of  vinegar,  and  to  is  extracted,  which  is  mixed  with  the  former, 

endanger  its  decomposition  after  it  is  made.  The  whole  brewing  yields    3000    English 

Chap^  ascribes  to  agitation  the  operation  of  quarts. 

thunder ;  though  it  is  well  known,  that  when  In  this  country,  vinegar  is  usually  made 

the  atmosphere  is  highly  electrified,  beer  is  from  malt     By  mashing  with  hot  water, 

apt  to  become  suddenly  sour,  without  the  100  gallons  of  wort  are  extracted  in  less  than 

concussion  of  a  thunder-storm.     In  cellars  two  hours  fiiom  1  boll  of  malt     When  the 

exposed  to  the  vibrations  occasioned  by  the  liquor  has  fallen  to  the  temperature  of  75^ 

rattling  of  carriages,  vinegar  does  not  keep  Fahr.   4  gallons  of  the  bann  of  beer  are 

welL     The  lees,  which  had  been  deposited  by  added.     After  thirty-six  hours  it  is  racked 

means  of  isinglass  and  repose,  are  thus  jum-  ofi'into  casks,  which  are  laid  on  their  sides, 

bled  into  the  liquor,  and  make  the  fermenta-  and  exposed,  with  their  bungrholes  loosely 

tion  recommence.  covered,  to  the  influence  of  the  sun  in  sum- 

Almost  all  the  vinegar  of  the  north  of  mer ;  but  in  winter  they  are  arranged  in  a 

Francs  being  prepared  at  Orleans,  the  manur  stove-room.     In  three  months  this  vinegar  ia 

facture  of  ^at  place  has  acquired  such  celer  ready  for  the  manufiicture  of  sugar  of  lead, 

brity,  as  to  render  their  process  worthy  of  a  To  make  vinegar  for  domestic  use,  however, 

separate  consideration.  the  process  is  somewhat  different   Hie  above 

The   Orleans    casks  contain  nearly  400  Hquor  is  racked  off  into  casks  placed  upright, 

pints  of  wine.     Those  which  have  been  al-  having  a  false  cover  pierced  with  holes  fixed 

ready  used  are  preferred.     They  are  placed  at  about  a  foot  from  their  bottom.      On  this 

in  three  rows,  one  over  another,  and  in  the  a  considerable  quantity  of  rape,  or  the  refuse 

top  have  an  aperture  of  two  inches  diameter,  from  the  makers  of  British  wine,  or  otherwise 

kept  always  open.     The  wine  for  acetification  a  quantity  of  low  priced  raisins,  is  laid.     The 

is  kept  in  adjoining  casks,  containing  beech  liquor  is  turned  into  another  barrel   every 

shavings,   to  which  the  lees  adhere.     The  twenty;four  hours,  in  which  time  it  has  begun 

wine  thus  clarified  is  drawn  off  to  make  vine-  to  grow  warm.    Sometimes,  indeed,  the  vine- 

gar.     One  hundred  pints  of  good  vinegar,  gar  is  fully  fermented,  as  above,  without  the 

boiling  hot,  are  first  poured  into  each  cask,  rape,  which  is  added  towards  the  end,  to  com- 

and  Idt  there  for  eight  days.      Ten  pinto  of  municate  flavour.     Two  laige  casks  are  in 

wine  are  mixed  in,  every  «ght  days,  till  the  this  case  worked  together,  as  is  described  long 

vessels  are  full.      The  vinegar  is  allowed  to  ago  by  Boerhaave,  as  follows  :— 

remain  in  this  state  fifteen  days,  before  it  is  •<  Take  two  large  wooden  vats,  or  hogsheads, 

exposed  to  sale.  and  in  each  of  these  place  a  wooden  grate  or 

The  uted  casks,  called  moihen,  are  never  hurdle^  at  the  distance  of  a  foot  from  the  hoi- 

emptied  more  than  half,  but  are  successively  tom.    Set  the  vessel  upright,  and  on  the  grate 

filled  again,  to  acetify  new  portions  of  wine,  place  a  moderately  close  layer  of  green  twigs. 

In  order  to  judge  if  the  mother  works,  the  or  fresh  cuttings  of  the  vine.     Then  fill  up 

vinegar-makers  plunge  a  spatula  into  the  li-  the  vessel  with  the  footstalks  €i  grapes,  conw 

quid ;  and  according  to  the  quantity  of  froth  monly  called  the  rape,  to  the  top  of  the  vessel, 

which  the  spatula  shows,  they  add  more  or  which  must  be  left  quite  open, 

less  wine.     In  summer,  the  atmospheric  heat  "  Having  thus  prepared  the  two  vessels, 

is  sufficient    In  winter,  stoves  heated  to  about  pour  into  them  the  wine  to  be  converted  into 

76^  Fahr.  maintain  the  requisite  temperature  vinegar,  so  as  to  fill  one  of  them  quite  up, 

in  the  manufactory.  and  the  other  but  half  full.     Leave  them 

In  some  country  districts,  the  people  keep  tlius  for  twenty-four  hours,  and  then  fill  up 

in  a  place  where  the  temperature  is  mild  and  the  half  filled  vessel  with  liquor  from  that 

equable,  a  vinegar  cask,  into  which  they  pour  which  is  quite  full,  and  which  will  now  in  its 

such  wine  as  they  wish  to  acetify ;  and  it  is  turn  only  be  left  half  full     Four-and-twenty 

always  preserved  full,  by  replacing  the  vine-  hours  afWwards  repeat  the  same  operation, 

gar  drawn  off  by  new  wine.      To  establish  and  thus  go  on,  keeping  the  vessels  alternately 

this  household  manufacture,  it  is  only  neces-  full  and  half  full  during  twenty-four  hours. 
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tiU  the  TUB^gar  be  made.  On  the  second  or 
third  day  there  will  arise  in  the  half  filled 
venel  a  fermentatiTe  motion,  accompanied 
m'tfa  a  senaible  heat,  which  will  gradually  in- 
crease from  day  to  day.  On  the  contrary, 
the  fermenting  motion  is  almost  imperceptible 
in  the  full  vessel ;  and  as  the  two  vessels  are 
alteniately  full  and  half  fiill,  the  fermentation 
is  by  this  means  in  some  measure  interrupted, 
and  ia  only  renewed  every  other  day  in  each 
veiseL 

**  Wl^n  this  motion  appears  to  have  entirely 
ceased,  even  in  the  half  filled  vessel,  it  is  a  sign 
that  the  fermentation  is  finished ;  and  therefore 
the  vinegar  is  then  to  be  put  into  casks  close 
stopped,  and  kept  in  a  cool  place. 

''.A  greater  or  less  degree  of  warmth  ac- 
celerates or  checks  this,  as  well  as  the  spiritu- 
ixis  fevmentadon.  In  France  it  is.  finished 
in  about  fifteen  days,  during  the  summer; 
but  if  the  heat  of  the  air  be  very  great,  and 
exceed  the  twenty-fifth  degree  of  Reaumur's 
thermometer  (88^^  Fahr.),  the  half  filled 
yessel  must  be  filled  up  every  twelve  hours ; 
because,  if  the  fermentation  be  not  so  checked 
in  that  time,  it  will  become  violent,  and  the 
liquor  will  be  so  heated,  that  many  of  the 
spirituous  parts,  on  wbidi  the  strength  of  the 
vinegar  depends,  will  be -dissipated,  so  that 
nothing  will  remain  after  the  fermentation  but 
A  vapid  liquor,  sour  indeed,  but  effete.  The 
better  to  prevent  the  dissipation  of  the  spi- 
rituous parts,  it  is  a  proper  and  usual  pre- 
caution to  dose  the  moutii  of  the  half  filled 
vessel,  in  which  the  liquor  ferments,  with  a 
cover  made  of  oak  wood.  As  to  the  full 
Teasel,  it  is  always  left  open,  that  the  air  may 
act  freely  on  the  liquor  it  contains ;  for  it  is 
not  liable  to  the  same  inconveniences,  becHuse 
it  ferments  very  slowly." 

Good  rinegar  may  be  made  from  a  weak 
syrup,  consisting  of  18  oz.  of  sugar  to  every 
gallon  of  water.  The  yeast  and  rape  are  to 
be  here  uaed  as  above  described.  "Whenever 
the  vinegar  (from  the  taste  and  flavour)  is 
considered  to  be  complete,  it  ought  to  be 
decanted  into  tight  barrels  or  bottles,  and 
well  secured  from  access  of  air.  A  momen- 
tary ebulhdon  before  it  b  bottled  is  found 
fappurable  to  its  preservation.  In  a  large 
mamifactory  of  malt  vinegar,  a  considerable 
revenue  ia  derived  firom  the  sale  of  yeast  to 
the  bakers. 

Vinegar  obtained  by  the  preceding  methods 
Jias  more  or  less  of  a  brown  colour,  and  a 
peculiar  but  rather  grateful  smell.  By  distiU 
Jatioti  in  glass  vessels,  the  colouring  matter, 
which  resides  in  a  mucilage,  is  separated,  but 
die  fragrant  odour  is  generally  replaced  by 
ao  empyreumatic  one.  The  best  French  wine 
iniiegars,  and  also  some  from  malt,  contain  a 
little  alcohol,  which  comes  over  early  with 
the  vratery  part,  and  renders  the  first  product 
of  distillation  scarcely  denser,  sometimes  even 
leas  dense,   than  water.      It  is  accordingly 


rejected.  Towards  the  end  of  tb«  distillatiott 
the  empyreuma  increases.  Hence  only  the 
intermediate  portions  are  retained  as  distilled 
vinegar.  Its  specific  gravi^  varies  from  1.005 
to  1.015,  while  that  of  common  vinegar  of 
equal  strength  varies  from  1. 010  to  1.025. 

A  crude  vin^ar  has  been  long  prepared 
for  the  calico  printers,  by  siibjecting  wood 
in  ir6n  retorts  to  a  strong  red  heat.     The 
following  arrangement  of  apparatus  has  been 
found  to  answer  well.     A  series  of  cast-iron 
cylinders,  about  4  feet  diameter,  and  6  feet 
long,  are  built  horizontally  in  brick-work,  so 
that  the  flame  of  one  furnace  may  play  round 
about  two  cylinders.     Both  ends  prcject  a 
little  from  the  brick-work.      One  of  them 
has  a  disc  of  cast-iron  well  fitted  and  firmly 
bolted  to  it,  fVom  the  centre  of  which  disc  an 
iron  tube,  about  6  inches  diameter,  proceeds^ 
and  enters  at  a  right  angle  the  main  tube  of 
refrigeration.      Hie  diameter  of  this  tube 
may  be  from  0  to  14  inches,  according  to  the 
number  of  cylinders.     The  other  end  of  the 
cylinder  is  called  the  mouth  of  the  retort. 
This  is  closed  by  a  disc  of  iron,  smeared 
round  its  edge  with  clay-lute,  and  secured 
in  its  place  by  wedges.     Hie  charge  of  wood 
for  such  a  cylinder  is  about  8  cwt.     The 
hard  woods,  oak,  ash,  birch,  and  beech,  are 
alone  used.     Fir  does  not  answer.    The  heat 
is  kept  up  during  the  day-time,  and  the  fur- 
nace  b  allowed  to  cool  during  the  night. 
Next  morning  the  door  is  opened,  the  char- 
coal removed,  and  a  new  charge  of  wood  is 
intioduced.     Hie  average  product  of  crude 
vinegar  called  pyrolignous  acid  is  35  gallons. 
It  is  much  contaminated  with  tar;   is  of  a 
deep  brown  colour;   and  has  a  sp.  gr.  of 
1.025.     Its  total  weight  is  therefore  about 
300  lbs.    But  the  residuary  charcoal  is  found 
to  weigh  no  more  than  one-fifUi  of  the  wood 
employed.     Hence  nearly   one-half  of  the 
ponderable  matter  of  the  wood  b  dissipated 
in  incondensable  gases.       Count  Rumford 
states,  that  the  charcoal  b  equal  in  weight  to 
more  than  four-tenths  of  the  wood   from 
which  it  is  made.     The  Count's  error  seems 
to  have  arisen  from  the  slight  heat  of  an  oven 
to  which  hb  wood  was  exposed  in  a  glass 
cylinder.     The  result  now  given  b  the  expe- 
rience of  an  eminent  manufacturing  chemist 
at  Glasgow.     The  crude  pyrolignous  acid  b 
rectified  by  a  second  distillation  in  a  copper 
still,  in  the  body  of  which  about  20  gallons 
of  viscid  tarry  matter  are  left  from  every  100. 
It  has  now  become  a  transparent  brown  vil 
negar,  having  a  considerable  empyreumatic 
smell,  and  a  sp.  gr.  of  1.013.    Its  acid  powers 
are  superior  to  those  of  the  best  household 
vinegar,  in  the  proportion  of  3  to  2.      By 
redistillation,  saturation  with  quicklime,  eva- 
poration of  the  liquid  acetate  to  dryness,  and 
gentle  torrefaction,  the  empyreumatic  matter 
is  so  completely  dissipated,  that  on  decom- 
posing the  calcareous  salt  by  sulphuric  acid. 
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a  pure,  perfectly  colourieM,  and  grateAil  vine-  drometer  of  Fahrenheit's  construction  is  used 

gar  rises  in  distillation.     Its  strength  will  be  for  finding  the  specific  gravities.     It  consists 

proportional  to  the  concentration  of  the  de-  of  a  globe  about  3  inches  diameter,  having  a 

composing  add.  l'^®  ballast  baU  drawn  out  beneathi  and  a 

The  acetic  acid  of  the  chemist  may  be  stem  above  of  about  3  inches  long,  contain- 
prelMied  in  the  following  modes : — 1st,  Two  ing  a  slip  of  paper  with  a  transverse  line  in 
parts  of  fused  acetate  of  potash,  with  one  of  the  middle,  and  surmounted  with  a  little  cup 
the  strongest  «1  of  vitriol,  yield,  by  slow  dis-  for  receiving  weights  or  poises.  The  experi- 
tillation  from  a  glass  retort  into  a  refriger-  ments  on  which  this  insbnment,  called  an 
ated  receiver,  concentrated  acetic  acid.  A  Acetometer,  is  constructed,  have  been  detailed 
small  portion  of  sulphuxous  acid,  which  con-  in  the  sixth  volume  of  the  Journal  of  Science, 
taminates  it,  may  be  removed  by  redistiila^  They  do  not  diflTer  essentially  from  those  of 
tion  from  a  little  acetate  of  lead.  2d,  Or  Mollerat.  The  following  points  were  deter- 
4  parts  of  good  sugar  of  lead,  with  I  part  of  mined  by  this  chemist.  The  add  of  sp.  gr. 
sulphuric  add  treated  in  the  same  way,  afford  1.063  requires  2^  times  its  wdght  of  crys- 
a  sliirhtly  weaker  acetic  add.  3d,  Gently  tallised  subcarbonate  of  soda  for  saturation^ 
caldned  sulphate  of  iron,  or  green  vitriol,  whence  M.  Thenard  regards  it  as  a  com- 
mixed with  sugar  of  lead  in  the  proportion  pound  of  11  of  water,  and  89  of  real  acid  in 
of  1  of  the  former  to  2^  of  the  latter,  and  the  100  parts.  Combined  with  water  in  the 
carefully  distilled  from  a  porcelain  retort  into  proportion  of  100  to  112.2,  it  does  not 
a  cooled  recdver,  may  be  also  considered  a  change  its  density,  but  it  then  remains  liqpiid 
good  economical  process.  Or  without  dia-  several  degrees  below  the  freezing  point  of 
tillation,  if  100  parts  of  well  dried  acetate  of  water.  By  diluting  it  with  a  smaller  quan- 
lime  be  cautiously  added  to  60  parts  of  strong  tity  of  water,  its  sp.  gr.  augments,  a  drcum- 
sulphuric  acid,  diluted  with  5  parts  of  water,  stance  peculiar  to  Uus  add.  It  is  1.079,  or 
and  digested  for  24  hours,  and  strained,  a  at  its  mtmmumt  when  the  water  forms  one- 
good  acetic  add,  suffidently  strong  for  every  third  of  the  weight  of  the  add. — Ann.  de 
ordinary  purpose,  will  be  obtained.  Chimie,  torn.  66. 

The  distillation  of  acetate  of  copper  or  of  The  following  table  is  given  by  Messra 

lead  per  se,  has  also  been  employed  for  ob-  Taylor,  as  tlie  basis  of  thdr  acetometer: — 

taining  strong  add.      Here,   however,   the  Revenue  proof  add,  called  by  the  manii- 

product  is  mixed  with  a  portion  of  the  fra-  facturer  No.  24. 

giant  pyro-acetic  spirit,  which  it  is  trouble-  sp.  gr.  1.0085  contains  real  add  in  100,       5 

some  to  get  rid  of.     Undoubtedly  the  best  1.0170        -        -        -        -        10 

process  for  the  strong  acid  is  that  first  de-  1.0257        -         -         -        -        15 

scribed,  and  the  cheapest  the  second  or  third.  1.0320        -        -        -        .        20 

When  of  the  utmost  possible  strength  ita  1.0470        .        -        -        -        30 

sp.  gravity  is  1.062.     At  the  temperature  of  1.0580        -        ...        40 

50^  F.  it  assumes  the  solid  form,  crystalliz-  An  acetic  add  of  very  considersble  strength 

ing  in  oblong  rhomboidal  plates.     It  has  an  may  also  be  prepared  by  saturating  perfectly 

extremely  pungent  odour,  affecting  the  noa-  dry  charcoal  with  common  vinegar,  and  then 

trils  and  eyes  even  painfully,  when  its  vapour  distilling.     The  water  easily  comes  off,  and 

is  incautiously  snuffed  up.     Its  taste  b  emi-  is  separated  at  first;  but  a  stronger  heat  is 

nently  add  and  acrid.     It  excoriates  and  in-  required  to  expel  the  add.     Or  by  exposing 

£ames  the  skin.  vinegar  to  very  cold  air,  or  to  freezing  raix- 

Tbe  purified  wood  vinegar,  which  is  used  tures,  its  water  separates  in  the  state  of  ioe, 

for  pickles  and  culinary  purposes,  has  com-  the  interstices  of  which  are  occupied  by  a 

monly  a  specific  giaviiy   of  about  1.009;  strong  acetic  acid,  which  may  be  procured  by 

when  it  is  equivalent  in  add  strength  to  good  dndning.    The  acetic  add,  or  radical  vinegar 

wine  or  malt  vinegar  of  1.014.     It  contains  of  the  apothecaries,  in  which  they  dissolve  • 

about  WU  of  ite  wdght  of  absolute  acetic  little  camphor  or  fragrant  essential  oil,  baa 

■  »        J  iQ    i.       .          A          •  ^  j..#«  «r  aspedficgravityof  about  1.070.    It  containa 

.ad,  and  i§  of  water.     An  exc.se  duty  of  P^     ^^^  i^er  to  2  of  the  c.r>t>IIi*ed 

♦d.  tt  levied  on  e»ery  gaUon  of  ""eg"  of  ^     ^                ^           ^^  J^^^^  ^^ 

the  above  sti^gth.     ThB.  however.  »  a»^  ^  ^  moiuened  with  that  acid, 

estomated  duectly  by  .to  .^  gr.  but  by  l^  ^    ^^f^^  ^  ^      .         ^ 

\.  of  the  calceo™  acetate  is  n«r.y  douMe  rJ^-^^S^-Jr:!"'.^™™"^:.::; 

that  of  the  pure  wood  vinc^.     Thu«  1.009  . .     ,                "^ 

in  vinegar,  become.  1.018  in  l^uid  «»tate.  '  .^  „  jj  .^rti  in  the  acetMe.  of 

But  the  v.neg»  of  fermentation  =1.014  wJl  ,„d  of  lead,  h«.  been  an.ly»d  by 

^^^^"^^  If^J^  T     ^  J^^J  MM.  Gay  Ia»«c  a^d  n»n«d,  »J^  bj 

0.005  be  subtracted  for    muali^  or  ex-  ^^  ..    '                                   '                   ' 

tractive,  the  remainder  will  agree  with  the  den-         /-.      »  *  *•       i  tax  qom u^^    k  «oo 

*  lu        a  a.   r        •''^       A^^i.^  I.-  Gay  Lussac  found  50.224  carbon,  o.o2v 

Mty  of  the  acetate  from  wood.     A  glass  ny-  ^ 
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hydragai*  and  ikl47  oxygen ;  or,  in  other 
tanni»  ^224  carbon,  4<(.91 1  of  water,  or  ita 
cJeoMnCary  constituenta»  and  2.863  oxygen 
in  exceM. 

BerzeUus,— 46.83  caib.  6.33  bydrog.  and 
4&88  oxygen,  in  tbe  hundred  parts. 

Dr  Aoot,  in  bie  excellent  paper  on  Ali- 
mentary Substances,  (Phil,  Tranaaci.  1827, 
Psft  ii.)v  finds  that  the  hydrogen  and  oxygen 
of  acetic  add  exist  in  it,  in  the  proportions 
In  which  tbeyfonn  water;— his  proportions 
of  the  constituents  agreeing  with  the  results 
of  Berselius,  or  carbon  47.0&,  water  52.95, 
in  100  parts. 

Hieir  methods  are  described  under  Veob- 
TABLB  (Analysis).  By  saturating  known 
weights  of  bases  with  acetic  add,  and  ascer- 
taining the  quantity  of  acetates  obtained  afUr 
esotioiiB  eraporation  to  dryness,  Berselius 
obtained  with  lime  (3.56)  6.5  for  the  prime 
equiTalent  of  acetic  add,  and  with  yellow 
oxide  of  lead  6.432. 

Acetic  add  dissolves  resins,  gum  resins, 
camphor,  and  essential  oils.  Its  odour  is  em- 
phrfed  in  medicine  to  relieve  nervous  head- 
adie,  Ihinting  fits,  or  sickness  occasioned  by 
laowded*  rooms.  In  a  slightly  dilute  state, 
itt  applicatioii  has  been  found  to  check  he- 
moniiagy  from  the  nostrils.  Its  andconta- 
^us  powers  are  now  little  trusted  ta  It 
is  Terv  largely  need  in  calico-printing.  Mo- 
derately rectified  pyrolignous  add  has  been 
raoommended  for  the  preservation  of  animal 
Ibod;  but  the  empyreumatic  taint  it  com- 
municates to  boffies  immersed  in  it,  is  not 
qmle  removed  by  thdr  subsequent  ebullition 
in  water.     See  Acm  (Pybouonoos). 

Acetic  add  and  common  vinegar  are  soroe- 
times  fraudulently  mixed  with  sulphuric  add 
to  give  them  strength.  Tliis  adulteration  may 
be  detected  by  the  addition  of  a  little  chalk, 
short  of  their  saturation.  With  pure  vinegar 
the  calcareous  base  forms  a  limpid  solution, 
but  with  sulphuric  add  a  white  insoluble 
gypsnm.  Muriate  of  baryta  is  a  still  nicer 
test.  British  fermented  vinegars  are  allowed 
by  law  to  contain  a  little  sulphuric  acid,  but 
tfie  quantity  is  frequently  exceeded.  Copper 
is  duoovered  in  vinegars  by  supermturating 
them  with  aonmonia,  when  a  fine  blue  colour 
is  produced ;  and  lead  by  sulphate  of  soda, 
hy&oaolpiiuretB,  and  sulphuretted  hydrogen. 
None  of  these  should  produce  any  change  on 
genuine  vinegar.     See  Lead. 

Acetic  add  dissolves  deutoxide  of  barium 
widiout  effervescence.  By  predpitating  the 
barjta  with  sulphuric  add,  there  remains  an 
oxyg«nixed  acid,  which,  being  saturated  with 
pottsb,  and  heated,  allows  a  great  quantity  of 
oxygen  gas  to  escape.  Thm  is  disengaged 
aft  tha  same  time  a  notaUe  quantity  of  carbo- 
nic add  gas.  This  shows  that  the  oxygen, 
when  assiriffd  by  hcat^  unites  in  part  witfi  the 
carbon,  and  doubtka  likewise  with  the  hy- 


drogen, of  the  add.    It  is  in  Act  acetic  deut- 
oxide of  hydrogen. 

Salts  consisting  of  the  scvend  bases,  united 
in  definite  proportions  to  acetic  add,  are  called 
acetates.  Tbey  are  characterized  by  the  pun* 
gent  smell  of  vinegar,  which  they  exhale  on 
the  affusion  of  sulphuric  add ;  and  by  their 
yielding  on  distillation  in  a  moderate  red  heat 
a  very  light,  odorous,  and  combustible  liquid 
called  pyro-acetic  (sfiut)  ;  which  see.  Hiey 
are  all  soluble  in  water;  many  of  them  so 
much  so  as  to  be  uncrystallizable.  About 
30  different  acetates  have  been  formed,  of 
which  only  a  very  few  have  been  applied  to 
the  uses  of  life. 

The  acetic  add  unites  with  all  the  alkalis 
and  most  of  the  earths,  and  with  these  bases 
it  forms  compounds,  some  of  which  are  crys* 
tallixable.  The  salts  it  forms  are  distinguish- 
ed by  their  great  solubility ;  thdr  decompo- 
mtion  by  fire,  which  carbonizes  them;  the 
spontaneous  alteration  of  thdr  solution ;  and 
thdr  decomposition  by  a  great  number  of 
adds,  which  extricate  from  them  tbe  acetic 
add  in  a  oonoentraAed  state.  It  unites  like- 
wise with  most  of  the  metallic  oxides. 

With  baryta,  the  saline  mass,  by  spon- 
taneous evaporation,  crystallizes  in  fine  trans- 
parent prismatic  needles,  of  a  bitterish  add 
taste,  which  do  not  deliquesce  when  exposed 
to  the  air,  but  rather  effloresce. 

With  potash  tliis  add  unites,  and  forms  a 
deliquescent  salt  scarcely  crystallizable,  called 
formerly  foliated  earth,  of  tartar,  and  regene- 
rated tartar.  The  solution  of  this  salt,  even 
in  closely  stopped  vessels,  is  spontaneously  de- 
composed. 

With  soda  it  forms  a  crystallizable  salt, 
which  does  not  deliquesce. 

Tlie  salt  formed  by  dissolving  chalk  or 
other  calcareous  earth  in  distilled  vinegar,  has 
a  sharp  bitter  taste,  and  appears  in  the  form 
of  silky  crystals. 

llie  acetate  of  strontia  has  a  sweet  taste^ 
is  very  soluble,  and  is  easily  decomposed  by  a 
strong  beat. 

The  salt  formed  by  uniting  vinegar  with 
ammonia,  andently  called  Spirit  of  Minde- 
rerus,  is  generally  in  a  liquid  state,  and  is 
commonly  believed  not  to  be  crystallizable. 
It  nevertheless  may  be  reduced  into  the  form 
of  small  needle-shaped  crystals,  when  this 
liquor  is  evaporated  to  the  consistence  of  a 
syrup. 

With  magnesia  the  acetic  add  fisrms  a 
visdd  saline  mass,  which  does  not  shoot  into 
crystals,  but  remains  deliquescent,  has  a  taste 
sweetish  at  first,  and  afterwards  bitter,  and  is 
soluble  in  spirit  of  wine. 

Gludne  is  readily  dissolved  by  acetic  add. 
This  solution,  as  Vauquelin  informs  us,  does 
not  crystallize ;  but  is  reduced  by  evaporation 
to  a  gummy  substance,  which  slowly  becomes 
dry  and  brittle ;  retaining  a  kind  of  ductility 
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for  m  long  time.  It  has  a  Mocharine  and  cribed  by  M.  Ttinnennann  in  TrommfldorflTa 
pretty  strongly  astringent  taste,  in  which  that  JournaL  Equal  parts  of  starch  and  black 
of  TiAegar  however  is  distinguishable.  oxide  of  manganese  are  to  be  well  mixed,  and 
Yttria  dissolves  readily  in  acetic  acid»  and  put  into  a  retort  so  as  to  fill  one-fourth  of  it, 
the  solution  yields  by  evaporation  crystals  of  and  then  a  third  equal  part  of  water  added, 
acetate  of  jrttria.  These  have  commonly  the  and  made  to  moisten  the  mass  equably.  A 
form  of  thick  six-sided  plates,  and  are  not  receiver  being  adapted,  heat  is  applied,  and 
altered  by  exposure  to  the  air.  three  parts  of  muriatic  acid  are  gradually  add- 
Acetate  of  alumina  is  commonly  made  by  ed  through  a  feeding  tube.  Ilie  product  is 
adding  gradually  to  a  boiling  solution  of  alum  impure  amylic  add,  which  is  saturated  with 
in  water  a  solution  of  acetate  of  lead,  till  no  caibonate  of  lime,  and  evaporated  so  as  to 
further  precipitate  ensues.  The  sulphate  of  yield  crystals  of  amylate  of  that  base.  Tbese^ 
lead  having  subsided,  decant  the  supernatant  purified  by  further  crystallization,  are  de- 
liquor,  evaporate^  and  the  acetate  of  alumina  composed  by  73  per  cent  of  sulphuric  add, 
may  be  obtained  in  small  needle-shaped  crys-  whence,  by  distillation,  pure  amylic  add  is 
tals,  having  a  strong  styptic  and  acetous  taste,  obtained.  It  is  sour,  reddens  vegetable  blues. 
This  salt  is  of  great  use  in  dydng  and  calico-  readily  evaporates  with  a  sharp  odour  resem- 
printing.  See  Alumina.  bling  hydrocyanic  acid.  Its  salts  are  mostlj 
Acetate  of  sirconia  may  be  formed  by  pour-  soluble,  and  even  deliquescent.  They  reduce 
ing  acetic  acid  on  newly  precipitated  sirconia.  nitrate  of  silver  and  muriate  of  gold.  The 
It  has  an  astringent  taste.  It  does  not  crys-  amylate  of  lime. occurs  in  octangular  crystals 
talUze;  but  when  evaporated  to  dryness,  forms  mingled  with  plates.  It  consists  of  42.16 
a  powder,  which  does  not  attract  moisture  lime,  and  57.84  amylic  add.  Amylate  of 
from  the  air.  It  is  very  soluble  both  in  water  barytes  forms  quadrilateral  prisms,  and  con- 
and  alcohol ;  and  is  not  so  easily  decomposed  sists  of  57.29  baryta,  and  29.24  amylic  add, 
by  heat  as  nitrate  of  sirconia.  with  13.47  water.  The  salts  of  potMh,  soda. 
Concerning  the  action  of  vinegar  on  alcohol,  and  ammonia,  are  deliquescent.  The  ultU 
see  £TH£a.  mate  constituents  of  amylic  add  are  said  to 

M.  Vauquelin  has  found  that  acetic  acid  be  2.5  carbon,  and  3  oxygen, 

may  be   combined  with  volatUe  oils.     See  ACIDS  (ANTIMONIC  AND  ANTL 

Oils  (Volatile).  MONIOUS).     See  Antimony. 

See  Sfibit  (Pybo-acetic).  ACID  (ARSENIC).    We  ar«  indebted  to 

Vinegar  dissolves  the  true  gums,  and  partly  Scheele  for  the  discovery  of  this  acid,  though 

the  gum  resins,  by  means  of  digestion.  Maoquer  had  before  noticed  its  combinationa. 

See  Salt,  for  a  tabular  view  of  the  con-  It  may  be  obtained  by  various  methods.     If 

atitution  of  the  Acetates.  six  parts  of  nitric  acid  be  poured  on  one  of 

ACID  (ALGETIC).     Tlie  name,  hardly  the  concrete  arsenious  add,  or  white  arsenic 

appropriate,  given  by  M.  Licbeg  to  the  bitter  of  the  shops,  in  the  pneumato-chemical  ap- 

of  aloes ;  a  substance  supposed  by  him  to  be  a  paiatus,  and  heat  be  applied,  nitrous  gas  vrill 

compound  of  carbasotic  acid  and  a  peculiar  be  evolved,  and  a  white  concrete  substance, 

resinous-Uke  matter.    The  bitter  of  aloes  may  differing  in  its  properties  from  the  arsenious 

be  formed  in  large  quantity,  by  acting  upon  acid,  will  remain  in  the  retort     This  is  the 

aloes  with  nitric  add  of  the  sp.  grav.  1.25.  arsenic  add.     It  may  equally  be  procured  by 

The  substance  obtained  forms  a  purple  salt  means  of  aqueous  chlorine,  or  by  heating 

with  potash,  but  little  soluble,  and  predpitates  concentrated  nitric  add  with  twice  its  weight 

the  salts  of  baryta,  lead,  and  peroxide  of  iron,  of  the  solution  of  the  arsenious  add  in  muri- 

of  a  deep  purple  colour.      Ann,  de  Chim.  atic  add.     The  concrete  acid  should  be  ez- 

zxxvii.  171.  posed  to  a  dull  red  heat  for  a  few  minutes. 

ACID  (AMNIOTIC).     On  evaporating  In  either  case  an  add  is  obtained  that  does 

the  liquor  amnii  of  the  cow  to  one-fourth,  not  crystallize,  but  attracts  the  moisture  of  the 

Vauquelin  and   Buniva  found  that  crystals  air,  has  a  sharp  caustic  taste,  reddens  blue 

form  in  it  by  cooling.     These  crystals,  when  vegetable  colours,  is  fixed  in  the  fire,  and  of 

washed  with  a  little  water,  are  white  and  the  spedfic  gravity  of  3.391. 

shining,  slightly  add  to  the  taste^  redden  lit-  If  the  arsenic  acid  be  exposed  to  a  red  beat 

mus  paper,  and  are  a  little  more  soluble  in  hot  in  a  glass  retort,  it  melts  and  becomes  trans- 

than  cold  water.     With  the  alkalis  this  acid  parent,  but  assumes  a  milky  hue  on  cooling. 

forms  very  soluble  salts,  but  it  does  not  d».  If  the  heat  be  increased,  so  that  the  retort 

compose  the  carbonate  without  the  assistance  begins  to  melt,  the  add  boils,  and  sublimes 

of  heat.  into  the  neck  of  the  retort.     If  a  covered 

Dr  Prout  could  not  find  this  add  in  the  crucible  be  used  instead  of  a  glass  retort,  and 

amniotic  liquor  of  the  cow,  though  he  sought  a  violent  heat  applied,  the  add  boils  strongly, 

for  it  with  much  pains.     Hence  its  existence  and  in  a  quarter  of  an  hour  b^ins  to  emit 

is  questionable.  fumes.     These,  on  being  recdved  in  a  glass 

ACID  (AMYLIC).    This  new  add  com-  bell,  are  found  to  be  arsenious  add;  and  a 

pound  of  carbon  and  oxygen  has  been  des-  small  quantity  of  a  transparent  glass,  diflicult 
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to  hat,  will  be  found  lining  the  sidei  of  the  apple-green  precipitate.     Tliese  precipitates 

cmdbiew     This  is  aneniate  of  alumina.  redissolve,  on  adding  a  small  quantity  of  the 

Combustible    substances    decompose    this  acid  which  previously  held  them  in  solution. 

add,  and  eliminate  metallic  arsenic.  Orfila  says,   that  arsenic  add  gives,   with 

With  phosphorus,  phosphoric  acid  is  ob-  acetate  of  copper,  a  bluiab^white  precipitate, 

tained,  and  a  phosphuret  of  arsenic,  which  but  that  it  exercises  no  action  ei^er  on  the 

sublimes.  muriate  or  acetate  of  cobalt;  but  with  the 

According  to  Lagrange,  two  parts  of  water  ammoni&.muriate  it  gives  a  rose-coloured  pre- 

are  sufficient  to  diasolve  one  of  arsenic  acid,  cipitate.     Arsenic  acid  ought  to  be  accounted 

It  cannot  be  crystallixed  by  any  means ;  but  a  more  violent  poison  than  even  the  arsenious. 

oo  evaporation  assumes  a  thick  honey-like  According  to  Mr  Brodie,  it  is  absorbed,  and 


occasions  death  by  acting  on  the  brain  and  the 

Arsenic  add  combines  with  the  earthy  and  heart 

alkaline  bases,  and  forms  salts  very  different  A  solution  of  pure  arsenic  add  mixed  with 

Irom  those  furnished  by  the  arsenious  add.  common  sugar  powdered,  beccnnes  in  some 

All  these  arseniates  are  decomposable  by  houra  of  a  reddish  colour,  then  of  a  magnifi- 

charooal,  which  separates  arsenic  from  them  cent  purple :  ndthor  arsenious  add,  the  arse- 

by  means  of  heat.  nites,  nor  phosphoric  add,  produce  any  simi- 

Benelius,  from  the  result  of  accurate  ex-  lar  effect 

perimentB  on  the  arseniates  of  lead  and  baryta.  Arsenic  acid  saturated  with  potash  does  not 

infers  the  prime  equivalent  of  arsenic  add  to  crystallise. 

be  14.4569,  oxygen  bdng  1.0.  The  bi-arseniate  of  potash  is  fabricated 
On  this  supposition,  Benelius*s  insoluble  on  the  great  scale  in  Saxony,  by  fusing  toge- 
sslts  will  consist  of  two  primes  of  base  and  one  ther  equal  parts  of  nitre  and  arsenious  add ; 
of  add ;  and  the  add  itself  will  be  a  com-  dissolving  the  mdted  mass,  and  crystallising 
pound  of  5  of  oxygen  =  5  -^  9.5  of  the  me-  the  salt  The  crystals  are  large.  By  the 
tallic  baae^  14fb5;  for  direct  experiments  analysisofM.  Berzelius,  they  consist  of  anenic 
have  rfiown  it  to  consist  of  100  metal,  and  acid  63.87,  potash  86.16,  water  9.97. — Jnn. 
about  53  oxygen.  But  153 :  100  :  :  14.5  :  de  Chim,  et  de  Phyu  xix.  366. 
9.5  nearly.  By  Dr  Thomson  their  composition  is»  arse- 
While  Piroust  and  Benelius  concur  in  as-  nic  add  68.5,  potash  26.5,  water  5.  Mit- 
signing  the  proportion  of  53  oxygen  to  100  scherUch*s  statement  is  in  accordance  with 
nwtal  in  this  add,  Thenard  states  ito  com-  Berzelius's  equivalent  number, 
position  at  56.25  to  100,  and  Dr  Thomson  With  lime  water  this  add  forms  a  predpi- 
at  61.4  to  100.  By  the  latter  authority,  ita  tate  of  arseniate  of  lime,  soluble  in  an  excess 
prime  equivalent  becomes  4.75  metal  -^3  of  ita  add,  though  insoluble  alone. 
ofxygen  =s  7.75 ;  and  that  of  arsenious  add  If  arsenic  acid  be  saturated  with  magnesia, 
4.75  -|-  2  =:  6.75.  a  thick  substance  b  formed  near  the  point  of 

All  ita  salts,  with  the  exception  of  those  of  saturation, 

potash,  soda,  and  ammonia,  are  insoluble  in  Arseniate  of  baryta  is  insoluble,  and  un- 

water;  but  except  arseniate  of  bismuth,  and  crystallizable,  but  soluble  in  an  excess  of  the 

one  or  two  more,  very  soluble  in  an  excess  acid. 

^  of   arsenic   acid.      Hence,   after  baryta  or  It  consists,  by  Berzelius,  of  57  baryta  -^ 

oxide  of  lead  has  been  predpitated  by  this  43  arsenic  add.     The  bi<«rBeniate  of  baryta 

add,  ita  farther  addition  redissolves  the  pre-  crystallises.     It  is  made  by  dissolring  the 

*  dpitate.     This  b  a  useful  criterion  of  the  neutral  salt  in   arsenic  add.      It  contains 

add,  joined  to  ita  reduction  to  the  metallic  twice  the  quantity  of  add  which  exista  in  the 

state  by  charcoal,  and  the  other  characten  former. 

already  detailed.    Sulphuric  acid  decomposes  With  soda  in  suffident  qi|antity  to  saturate 

the  arseniates  at  a  low  temperature^  but  the  it,  arsenic  add  forms  a  salt  crystallizable  like 

sulphates  are  decomposed  by  arsenic  add  at  a  die  acidulous  arseniate  of  potash.   To  form  the 

red  beat,  owing  to  the  greater  fixity  of  the  neutral  aneniate,  carbonate  6f  soda  should  be 

latter.       Phosphoric,   nitric,    muriatic,    and  added  to  the  add,  till  the  mixture  be  d»- 

ihioric  adds,  dissolve,  and  probably  convert  ddedly  alkaline.     This  salt  crystallizes  from 

into  subsalta  all  the  arseniates.     I'he  whole  the  concentrated  solution.     It  is  much  more 

of  them,  as  well  as  arsenic  add  itself  when  soluble  in  hot  than  in  cold  water.     Pelletier 

decomposed  at  a  red  heat  by  charcoal,  yield  says,  that  the  crystab  are  hexaedral  prisms 

the  diaracteristic  garlic  smell  of  the  metallic  terminated  by  planes  perpendicular  to  thdr 

vapour.     Nitrate  of  silver  gives  a  pulverulent  axis. 

bricL-odoured  predpttate,  with  arsenic  add.  100  parte  of  arseniate  of  soda  aie  composed^ 

The  add  itself  does  not  disturb  the  transpa-  by  the  experimento  of  Berzelius,  of  arseiuc 

rency  of  a  solution  of  sulphate  of  copper;  add  29.29,  soda  15.88,  water  54.84.     The 

but  a  neutral  arseniate  gives  with  it  a  bluish-  triple  salt,  called  arseniate  of  potash  and  sod% 

green  predpitate ;  with  sulphate  of  cobalt  a  easily  crystallises.     It  consists,  according  to 
dirty  red;  and  vrith  sulphate  of  nickelj  an 


ACID 


14 


ARSENIOUS. 


the  mna  cfaemist,  of  aneniate  of  potad^  9(XS4 

Arseniate  of  soda,  26.65 
Water,  44.11 

The  hi-araeniate  of  soda  is  obtained  by  add- 
ing arsenic  acid  to  the  solution  of  the  neutral 
salt,  till  the  mixture  no  longer  gives  a  preci- 
pitate with  muriate  of  baryta.  It  is  very 
soluble  in  water.  It  consists  of 
Arsenic  acidt  63.16 
Soda,  17.13 

Water,  19.71 

Combined  with  amnaonia,  arscsicacid  foims 
a  salt  affording  rbomboidal  crystals  analogous 
to  those  of  the  nitrate  of  sodit 

To  form  this  salt,  we  must  add  ammonia  to 
the  concentrated  solution  of  the  acid,  till  a 
precipitate  fidL  On  heating  the  solution, 
the  precipitate  is  dissolved.  If  we  set  the 
liquid  aside,  taking  care  that  too  much  of  the 
ammonia  d<»es  n«>t  exhale,  there  is  formed, 
after  some  time,  large  and  beautiful  crystals 
of  the  neutnU  salt  Hie  crystals  which  some- 
times fbll  during  the  cooling  of  this  solution 
are  a  sub>arseniate.  The  neutral  arseniate  of 
ammonia  decomposes  in  the  air.  It  consists 
ofafBenic  acid,  65.28 
Ammonia,  19.44 
Water,  15.28— Af it  jcA^/icA. 
Bi-arseniate  of  ammonia  is  formed  by  adding 
arsenic  acid  to  ammonia  till  litmus  paper  be 
strongly  reddened  by  the  solution,  and  till  it 
no  longer  precipitates  muriate  of  baryta.  We 
then  obtain  by  evaporation  crystals  which  do 
not  change  on  exposure  to  the  air.  It  consists, 
according  to  Benelius,  of  arsenic  acid  72.30, 
ammonia  ia77,  water  16.93»  in  100  parts. 
The  arseniate  of  soda  and  ammonia  is  formed 
by  mixing  the  two  separate  arwniates ;  and 
the  compound  salt  gives  crystals  with  brilliant 
faces.  If  we  redissolve  the  crystals,  and  then 
lecrystallice,  we  should  add  a  little  ammonia, 
otherwise  the  salt  will  be  acidulous  from  the 
escape  of  some  ammonia. 

Arsenic  acid  does  not  act  on  gold  or  plati- 
,  na;  neither  does  it  on  mercury  or  silver  with- 
out the  aid  of  a  strong  heat ;   but  it  oxidizes 
copper,  iron,  lead,  tin,  sine,  bismuth,  antimony, 
cobalt,  nickel,  manganese,  and  arsenic. 

Aneniate  of  cobalt  has  been  discovered 
at  the  lead  mine  of  Tyncsbottom,  near  Alston 
in  Cumberland,  in  the  form  of  a  rose-colour- 
ed eiBorescence  investing  hepatic  and  com- 
mon pyrites.  The  veins  are  worked  in  a 
limestone  stratum. 

This  acid  is  not  used  in  the  arts,  at  least 
directly,  though  indirectly  it  forms  a  part  of 
some  compositions  used  in  dyeing.  See  Salts 
(Tablb  of). 

ACID  (ARSENIOUS).  Fourcroy  was 
the  first  who  distinguished  by  thb  name  the 
white  arsenic  of  tlie  shops,  which  Scheele  had 
proved  to  be  a  compound  of  the  metal  arsenic 
with  oxygen. 

lliis  acid,  which  is  one  of  the  most  virulent 
poiftons  known,  frequently  occurs  in  a  native 


stat%  if  not  very  abundantly ;  and  it  is  ob* 
tained  in  roasting  several  ores,  particularly 
those  of  cobalt.  In  the  chimn^s  of  the  fur- 
naces where  this  operation  is  conducted,  it 
generally  condenses  in  thick  semitransparent 
masses ;  though  sometimes  it  assumes  the  form 
of  a  powder,  or  of  little  needles,  in  which  state 
it  was  formerly  called  flowers  of  arsenic. 

The  arsenious  add  reddens  the  most  sei^ 
flible  blue  v^etaUe  colours,  though  it  tnrna 
the  syrup  of  violets  green.  On  exposure  to 
the  air  it  becomes  opaque,  and  covered  with 
a  slight  efllorescence.  Throvm  on  incan- 
descent coals,  it  evaporates  in  white  fumes* 
with  a  strong  smell  of  garlic.  In  close  vesaela 
it  is  vobrtilized ;  and,  if  the  heat  be  strong, 
vitrified.  The  result  of  this  vitrification  is  a 
transparent  glass,  capable  of  crystallizing  in 
tetrsi^ra,  the  angles  of  which  are  truncated. 
Jt  is  easily  altered  by  hydrogen  and  carixm, 
which  deprive  it  of  its  oxygen  at  a  red  heat, 
and  reduce  the  metal,  the  one  fonning  water, 
the  other  carbonic  acid,  vrith  the  oxygen  taken 
from  it;  as  it  is  by  phosphorus,  and  by 
sulphur,  which  are  in  part  converted  into 
adds  by  its  oxygen,  and  in  part  form  an 
arsenical  phosphuret  or  aulphuret  with  the 
arsenic  reduced  to  the  metallic  state.  Its  sp^ 
dfic  gravity  is  3.7. 

It  is  soluble  in  thirteen  times  its  vreight  of 
boiling  water,  but  requires  eighty  times  its 
wdght  of  cold.  Hie  solution  crystallizes,  and 
the  acid  assumes  the  form  of  regular  tetrae- 
drons,  according  to  Fourcroy ;  but  according 
to  Lagrange,  of  octaedrons,  and  these  fre- 
quently varying  in  figure  by  different  laws 
of  decrement.  It  crystallizes  much  better  by 
slow  evaporation  than  by  simple  cooling. 

The  solution  is  very  acrid,  reddens  blue 
colours,  unites  vrith'  the  earthy  bases,  and  de- 
composes the  alkaline  sulphurets.  Arsenioua 
add  is  also  soluble  in  oils,  spirits,  and  alco- 
hol ;  the  last  taking  up  from  1  to  2  per  cent. 
It  is  composed  by  Berzeliusof  9.5  of  metal-f- 
3  oxygen ;  and  its  prime  equivalent  b  therefine 
12.5.  But  Dr  Thomson  considers  it  asa  com- 
pound of  4<.75  metal  -|-  2  oxygen  =  6b  75. 

Dr  WoUaston  first  observed,  that  when  a 
mixture  of  it  with  quicklime  is  heated  in  a 
glass  tube^  at  a  certain  temperature^  ignition 
suddenly  pervades  the  mass,  and  metallic 
arsenic  sublimes.  As  arseniate  of  lime  is 
found  at  the  bottom  of  the  tube^  we  perceive 
that  a  portion  of  the  arsenious  add  is  robbed 
of  its  oxygen,  to  complete  the  addification  of 
tlie  rest. 

Tlie  action  of  the  other  acids  upon  the  arse- 
nious is  very  different  from  that  which  they 
exert  on  the  metal  arsenic.  By  boiling,  sul- 
phuric add  dissolves  a  small  portion  of  it, 
which  is  predpitated  as  the  solution  cools. 
Nitric  add  does  not  dissolve  it,  but  by  the 
help  of  heat  converts  it  into  arsenic  add. 
Aqueous  chlorine  acidifies  it  completely,  so 
as  to  convert  it  into  arsenic  acid. 
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AfKBious  add  combines  with  the  emthy 
and  alkaline  bases*  The  earthy  mnenites  pos- 
eeas  little  solubility;  and  hence  the  solutions 
of  baryta,  strontia,  and  lime,  form  predpi* 
tatea  with  that  of  arsenious  add« 

With  the  fixed  alkalis  the  arsenious  acid 
forms  viscid  awcnites,  which  do  not  crystal- 
liae^  and  which  are  decomposable  by  fire, 
the  arsenious  add  bdng  Tolatilised  by  the 


With  anunonia  it  forms  a  salt  oqpable  of 
crystalllaation. 

"Die  nitrates  act  on  the  arsenious  add  in  a 
veiy  remarkable  manner.  On  treating  the 
nitrstes  and  arsenious  add  together,  nitrous 
vapour  is  extricated :  part  of  its  oxygen  is 
abeotbed  by  the  arsenious  add;  it  is  thus 
converted  into  arKuic  add,  and  an  arseniate 
is  left  in  the  retort.  Hie  same  phenomena 
take  place  on  detonating  nitrates  with  arse- 
nious add;  for  it  is  still  suffidently  com- 
bustible to  produce  a  detonation,  and  a  true 
arseniate  remains  at  the  bottom  of  the  crud- 
blew  It  was  in  this  way  chemists  jformerly 
prepared  thdr  fixed  arsenic,  which  was  the  ad- 
dnlous  arseniate  of  potash.  The  nitrate  of 
ammnnia  exhibits  different  phenomena  in  its 
decomposition  by  arsenious  add,  and  requires 
rooa<ierBble  precaution.  Pelletier,  having 
mixed  equal  quantities,  introduced  the  mix- 
tore  into  a  large  retort  of  coated  glass,  placed 
in  a  reveiberatwy  furnace,  with  a  globular 
recdver.  He  b^an  with  a  very  slight  fire ; 
for  the  decomposition  is  so  rapid,  and  the  ni- 
trous vapours  issue  with  such  force,  that  a 
portion  of  the  arsenious  add  is  carried  off 
undeoomposed,  unless  you  proceed  very  gen- 
tly. Chlorate  of  potash,  too,  by  completely 
oxidiang  the  arsenious  acid,  converts  it  into 
arsenic  add,  which,  by  the  assistance  of  heat, 
is  capable  of  decomposing  the  muriate  of  pot- 
ash that  remains. 

Axaenioos  add  b  used  in  numerous  in- 
stances in  the  arts,  under  the  name  of  white 
arsenic,  or  of  aneoic  simply.  In  many  cases 
it  is  reduced,  and  acts  in  its  metallic  state. 

Many  attempts  have  been  made  to  intro- 
duce it  into  medidne ;  but  as  it  is  known  to 
be  one  of  the  most  violent  poisons,  it  is  pro- 
bable that  the  fear  of  its  bed  effects  may  de- 
prive sodety  of  the  advantages  it  might  afford 
in  this  way.  An  arsenite  of  potash  was  ex- 
tensively used  by  the  hite  Dr  Fowler  of  York, 
who  published  a  treatise  on  it,  in  intermittent 
and  remittent  fevers.  He  found  it  extremely 
cfiicadous  in  periodical  headache,  and  as  a 
tonic  in  nervous  and  other  disorders.  Exter- 
nally it  has  been  employed  as  a  caustic  to  ex- 
tirpate cancer,  combined  with  sulphur,  with 
bole,  with  antimony,  and  with  the  leaves  of 
crowfoot ;  but  it  always  gives  great  pain,  and 
is  not  unattended  with  danger. 

It  baa  been  more  lately  used  as  an  alteradve 
with  advantage  in  chronic  riieumatism.  The 
sjmpUmis  whidt  show  the  system  to  be  arwe" 


n^ed  are,  thickness,  redness,  and  stiffness  of 
the  paipebr^,  soreness  of  the  gums,  ptyalism, 
itching  over  the  surface  of  the  body,  restless- 
ness, cough,  pain  at  stomach,  and  headache. 
When  the  latter  symptoms  supervene,  the  ad- 
ministration of  the  medidne  ought  to  be  im- 
mediately suspended.  It  has  also  been  recom- 
mended against  chincough ;  and  has  been  used 
in  consideiable  doses,  with  success,  to  coun- 
teract the  poison  of  venomous  serpents. 

Since  it  acts  on  the  animal  economy  as  a 
deadly  poison  in  quantities  so  minute  as  to  be 
insensible  to  the  taste  when  difiused  in  water 
or  other  vehicles,  it  has  been  oAen  given  with 
criminal  intentions  and  fatal  effects.  It  be- 
comes therefore  a  matter  of  the  utmost  in>> 
portance  to  present  a  systematic  view  of  the 
phenomena  characteristic  of  the  poison,  its 
operation,  and  consequences. 

1st,   It  is  a  dense  substance,   subsiding 
speedily  after  i^tation  in  water.     I  find  its 
sp.  gr.  to  vary  from  a728  to  3,730,  which  is 
a  little  higher  than  the  number  given  above : 
72  parts  dissolve  in  1000  of  boiling  water,  of 
which  30  remain  in  it  after  it  cools.     Cold 
water  dissolves,  however,  only  |^%5  or  -y^ 
of  the  preceding  quantity.    This  water  makes 
the  syrup  of  violets  green,  and  reddens  litmus 
paper.     Lime  water  gives  a  fine  white  pred- 
pitate  with  it  of  arsenite  of  lime,  soluble  in 
an  excess  of  the  arsenious  solution  :  sulphi^ 
retted  hydrogen  gas,  and  hydrosulphuretted 
water,  precipitate  a  golden  yellow  sulphuret 
of  arsenic.     By  this  means  j^^'c^t,  of  arse- 
nious acid  may  be  detected  in  water.    This  sul- 
phuret, dried  on  a  filter,  and  heated  in  a  glass 
tube  with  a  bit  of  caustic  potash,  is  decom- 
posed in  a  few  minutes,  and  converted  into 
sulphuret  of  potash,  which  remains  at  the 
bottom,  and  metallic  arsenic  of  a  bright  steel 
lustre,  which  sublimes,  coating  the  sides  of  the 
tube.     The  hydrosulpburets  of  alkalis  do  not 
affect  the  arsenious  solution,  unless  a  drop  or 
two  of  nitric  or  muriatic  add  be  poured  in, 
when  the  characteristic  golden  yellow  predpi-     t 
tate  falls.     Nitrate  of  silver  is  decomposed  by 
the  arsenious  add,,  and  a  very  peculiar  yellow 
arsenite  of  silver  precipitates;  which,  however, 
is  apt  to  be  redissolved  by  nitric  acid,  and 
therefore  a  very  minute  addition  of  ammonia 
is  requisite.     Even  this,  however,  also,  if  in 
much  excess,  rediasolves  the  silver  predpitate. 
As  the  nitrate  of  silver  is  justly  regarded  a» 
one  of  the  best  predpitant  tests  of  arsenic^ 
the  mode  of  using  it  has  been  a  subject  of 
much  discussion.     The  presence  of  muriate 
of  soda,  indeed,  in  the  arsenical  solution,  ob- 
structs, to  a  certain  degree,  the  operation  of 
this  reagent.     But  tliat  salt  is  almost  always 
present  in  the  jfrimte  via,  and  is  an  usual  in- 
gredient in  soups,  and  other  vehicles  of  the 
poison.     If,  after  the  water  of  ammonia  has 
been  added,  (by  plunging  the  end  of  a  glass 
rod  dipped  in  it  into  the  supposed  pdsonoua 
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liquid),  we  dip  another  rod  into  a  eolation  of 
pure  nitrste  of  silver,  and  transfer  it  into  the 
anenious  solution,  either  «  fine  yellow  cloud 
will  be  formed,  or  at  first  merely  a  white  curdy 
precipitate.  But  at  the  second  or  third  im- 
mersion of  the  nitrate  rod,  a  central  spot  of 
yellow  will  be  perceived  surrounded  with  the 
white  muriate  of  silver.  At  the  next  im- 
mersion this  yeUow  cloud  on  the  aurfiu^  will 
become  very  con^cuous.  Sulphate  of  soda 
does  not  interfere  in  the  least  with  the  silver 
test. 

The  ammonia^ulphatet  or  rather  ammo- 
nia-acetate of  copper,  added  in  a  somewhat 
dilute  state  to  an  arsenious  solution,  gives  a 
fine  grass-green  and  very  characteristic  preci- 
pitate. This  green  arsenite  of  copper,  well 
washed,  being  acted  on  by  an  excess  of  sul- 
phuretted hydrogen  water,  changes  its  co- 
lour, and  becomes  of  a  brownish-red.  Ferro- 
cyanate  of  potash  changes  it  into  ablood-red« 
Nitrate  of  silver  converts  it  into  the  yellow 
arsenite  of  silver. 

Lastly,  if  the  predpitato  be  dried  on  a  filter, 
and  placed  on  a  bit  of  burning  coal,  it  will 
diffuse  a  garlic  odour.  The  cupreous  test  will 
detect  ti^'ts^v  ^  **>«  weight  of  the  arsenic 
in  water. 

The  voltaic  battery,  made  to  act  by  two 
wires  on  a  little  arsenious  solution  placed  on 
a  bit  of  window  glass,  developes  metallic 
arsenic  at  the  n^ative  pole ;  and  if  this  wire 
be  copper,  it  will  be  whitened  like  tombac. 

We  may  here  remark,  however,  that  Uie 
most  elegant  mode  of  using  all  tliese  preci- 
pitation reagents  is  upon  a  plane  of  glass ;  a 
mode  practised  by  Dr  Wollaston  in  general 
chemical  research,  to  an  extent,  and  with  a 
success,  which  would  be  incredible  in  other 
bauds  than  his.  Concentrate  by  heat  in  a 
capsule  the  suspected  poisonous  solution, 
having  previously  filtered  it  if  necessary. 
Indeed,  if  it  be  very  much  disguised  with 
animal  or  vegetable  matters,  it  is  better  first 
of  all  to  evaporate  to  dryness,  and  by  a  few 
drops  of  nitric  acid  to  dissipate  the  organic 
products.  Tlie  clear  liquid  being  now  placed 
in  the  middle  of  the  bit  of  glass,  lines  are  to 
be  drawn  out  from  it  in  different  directions. 
To  one  of  these  a  particle  of  weak  ammoniacal 
water  being  applied,  the  weak  nitrate  of  silver 
may  then  be  brushed  over  it  with  a  hair  penciL 
By  placing  the  glass  in  different  lights,  either 
over  white  paper  or  obliquely  before  the  eye, 
the  slightest  change  of  tint  will  be  perceived. 
The  ammonia-acetate  should  be  applied  to 
another  filament  of  the  drop,  deut-acetate  of 
iron  to  a  third,  weak  ammonia-acetate  of  co- 
balt to  a  fourth,  sulphuretted  water  to  a  fifUi, 
lime  water  to  a  sixth,  a  drop  of  violet  syrup 
to  a  seventh,  and  the  two  galvanic  wires  at  the 
opposite  edges  of  the  whole.  Thus  with  one 
single  drop  of  solution  many  exact  experi- 
ments may  be  made. 


But  the  dhief,  the  decisive  trial  or  aeperi- 
mentum  crucis  remaina,  which  is  to  take  a  Iktle 
of  the  dry  matter,  mix  it  with  a  small  pinch 
of  dry  black  flux,  put  it  into  a  narrow  glaaa 
tube  sealed  at  one  end,  and  after  cleansing  ito 
sides  with  a  feather,  urge  ite  bottom  with  a 
blowpipe  till  it  be  distinctly  red-hot  for  a  mi- 
nute :  Hien  garlic  fumes  will  be  smelt,  and 
the  sted4ustf  ed  coating  of  metallic  arsenic  will 
be  seen  in  the  tube  about  one-fourth  of  an  inch 
above  ita  bottom.  Cut  the  tube  across  at  that 
point  by  means  of  a  fine  file ;  detach  the  scale 
of  arsenio  witli  the  point  of  a  penknife ;  put 
a  fragment  of  it  into  the  bottom  of  a  small 
wine-glass  along  with  a  few  drops  c^  ammo- 
nia^acetate  of  copper,  and  triturate  them  well 
together  for  a  few  minutes  with  a  round-headed 
glass  rod :  Hie  mazarine  blue  colour  will  soon 
be  transmuted  into  a  lively  grass-green,  while 
the  metallic  scale  will  vanish.  Thus  we  dis^ 
tinguish  perfectly  between  a  particle  of  me- 
tallic arsenic  and  one  of  animalized  charcoal* 
Another  particle  of  the  scale  may  be  placed 
between  two  smooth  and  bright  surftices  qf 
copper,  with  a  touch  of  fine  oil ;  and  whilst 
they  are  firmly  pressed  together,  exposed  to 
a  red  heat :  Tlie  tombac  alloy  will  appear  as 
a  white  stain.  A  third  particle  may  be  placed 
on  a  bit  of  heated  metal,  and  held  a  little 
under  the  nostrils,  when  the  garlie  odour  will 
be  recognized.  No  danger  can  be  apprehended, 
as  the  fragment  need  not  exceed  the  tenth  of  a 
grain. 

In  cases  of  poisoning  with  arsenic,  says 
Berzelius,  the  individual  may  have  taken  the 
deadly  poison,  either  in  the  pulverulent  fonn, 
or  in  a  state  of  solution.  In  the  first  case, 
we  can  almost  always  detect  visible  particles 
of  aisenic  in  the  contents  of  the  stomach,  or 
on  ita  inner  coat,  where  they  are  distinguisihed 
by  dark  red  spota  of  inflammation,  ^e  fc4- 
lowing  method  will  detect  the  nature  of  these 
particles,  though  less  than  one-tenth  of  a  grain 
in  weight.  A  glass  tube,  from  one-tenth  to 
one-seventh  of  an  inch  in  diameter,  is  drawn 
out  at  one  extremity  into  a  fine  point,  from 
two  to  three  inches  in  length,  which  part  ought 
not  to  be  wider  internally  than  the  thickness  of 
a  coarse  knitting  needle,  and  it  is  then  her- 
metically closed  at  the  end.  Tlie  particle  of 
arsenic  is  moved  downwards  to  the  sealed 
point,  and  covered  with  charcoal  powder: 
previously  expose  it  to  the  flame  of  the  blow- 
pipe, to  drive  off"  any  moisture.  The  char6oai 
is  now  healed  to  redness  in  the  flame  of  a  spirit 
lamp,  and  then  the  arsenic  is  brought  under 
the  influence  of  the  heat,  whidi,  volatilizing  itf 
makes  it  traverse  the  ignited  charcoal,  where* 
by  it  is  reduced.  The  metallic  arsenic  con- 
denses beyond  the  force  of  the  spirit  flame,  in 
the  shape  of  a  dark  metallic  ring,  which,  by 
gentle  heating,  can  be  driven  further  forward^ 
and  thus  more  is  accumulated,  by  which  it  ac- 
quires a  higher  lustre.  Tlie  small  diameter  of 
the  tube  preventa  all  circulation  of  air,  so  that 
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no  p«t  of'  the  naetal  is  oildiied.     It  now  re-  heat,  tilt  all  ia  oxidated;  whan  it  aMumas  tha 

maina  to  detennina  die  anenic  by  its  smelL  form  of  sparldiog  crystals,  which  may  be  as- 

This  is  cfiected  if  we  cut  the  tube  between  the  eertained  by  a  microscope  of  four  powers  to 

cliaKCoai  and  tlie  metal,  then  beat  it  gently  in  be  octahedrons. 

Che  place  where  the  metal  rest%  while  the  nose         It  is  to  be  obaerred,  that  one  or  two  of  tha 

is  hM  over  it  at  a  little  distance.  precipitation  teats  may  be  equivocal  from  ad- 

l¥bea  the  poisoning  has  been  caused  by  the  mixtures  of  Taiious  substances.  Thus  tinc- 
aolution  <tf  arsenic,  or  by  the  substance  in  fine  ture  of  ginger  gives  with  the  cupreous  reagent 
poiwder,  the  contents  of  the  stomach  are  to  be  a  green  predpitata ;  and  the  writer  of  this  ar- 
heated,  or  even  boiled  with  caustic  potash,  tide  was  at  first  led  to  suspect  from  that  ap- 
ancl  then  with  muriatic  add.  The  filtered  peannce^  that  an  empirical  tincture,  put  into 
fluid  is  reduced  by  evaporation;  and,  if  ne-  his  hands  for  examination,  did  contain  arsenic. 
cesaary,  again  filtered,  and  then  subjected  to  But  a  careful  analysis  satisfied  him  of  its  ge- 
astream  of  sulphuretted  hydrogen.  Tbe  fluid  nuiiieness.  Tea  covers  arsenic  from  the  cu- 
is  now  heated  to  cause  the  precipitate  to  collect,  preous  test.  Such  poisoned  tea  becomes  by  its 
or  evaporated,  till  it  subsides.  The  sulphuret  addition  of  an  obscure  olive  or  violet  red,  but 
of  anenic  is  to  be  mixed  with  saltpetre^  and  yields  scarcely  any  predpitate.  Sulphuretted 
defiagrated  at  tbe  end  of  a  hermetically  sealed  hydrogen,  however,  throws  down  from  it  a  fine 
^asa  tube.  A  little  saltpetre  is  first  melted  yellow  sulphuret  of  arsenic, 
ia  tbe  tube,  and  then  small  portions  of  the  To  remove  tbe  colouring  matter  of  a  ve- 
mixture  are  gradually  dropped  into  it.  The  getable  or  animal  kind,  Mr  Phillips  has 
mass  ia  to  be  dissolved  in  as  few  drops  of  water  very  properly  recommended  to  mix  the  poi- 
as  poasible ;  then  lime  water  is  to  be  added  in  soned  liquid  with  well  washed  animal  cluv- 
excess,  and  heated  to  boiling,  by  which  the  coal  (bone-black),  and  thereafter  to  filter,  be- 
aneniate  of  lime  is  more  easily  collected  and  fore  applying  the  tests.  100  grains  of  black 
washed.  Tho  predpitate  is  collected,  mixed  mixed  with  500  of  port  wine,  containing  one 
with  fresh  buned  diarcoal  powder,  and  put  grain  of  arsenious  add,  became  so  deoolour- 
inla  a  gkss  tubOy  drawn  out  as  above  de-  ed,  as  to  admit  of  the  application  of  tests. 
scribed,  with  its  sealed  end  inflated  into  a  A  good  way  of  obviadng  all  these  sources 
very  small  bulb,  in  which  tbe  mixture  is  of  fallacy  is  to  evaporate  carefully  to  dryness, 
made  to  lie.  The  tube  is  first  gently  heated,  and  expose  the  residue  to  heat  in  a  glass  tube. 
to  drive  off  any  moisture  the  mixture  may  The  arseuic  sublimes,  and  may  be  afterwards 
have  abeocbed,  and  then  the  under  point  <^  operated  on  without  ambiguity.  M.  Orfila 
the  butt*  is  kept  in  the  flsme  of  the  blowpipe  has  gone  into  ample  details  on  the  modifica- 
wntil  the  glasa  begins  to  melt.  The  arsenic  tions  produced  by  wine,  coffee,  tea,  broth,  &c. 
is  now  reduced  and  collected  in  the  neck  of  on  arsenical  tests,  of  which  a  good  tabular 
the  bulb,  where  it  is  spread- over  so  small  a  abstract  is  given  in  Mr  Hiomson's  London 
surface  that  the  sn^lest  quantity  may  be  Dispensatory.  But  it  is  evident  that  the  dif- 
4letected.  In  fiict,  one>tenth  of  a  grain  of  ferences  in  these  menstrua,  as  also  in  beers, 
sulphuret  of  arsenic  is  suffident  to  afford  a  are  so  great  as  to  render  predpitations  and 
aatufiictory  aad  dedsive  reduction  test. — An-  changes  of  colour  by  reagents  very  unsatis- 
ecbcr  mode  of  treating  sulphuret  of  arsenic  is,  factory  witnesses  in  a  case  of  life  and  deaths 
to  intpoduce  it  into  the  narrow  end  of  the  Hence  tbe  method  of  evaporation  above  de- 
tube  fint  described,  and  to  insert  a  piece  of  scribed  should  never  be  neglected.  Should 
piane-finte  wire  (No.  1 1.),  an  inch  in  length,  the  arsenic  be  combined  with  oil,  tbe  mixture 
into  tbe  tube,  so  far  as  tbe  suriace  of  the  sul-  ought  to  be  boiled  with  water,  and  the  oil 
phuvet.  The  steel  wire  is  next  to  be  heated  then  separated  by  the  capillary  action  of  wick- 
tn  a  ^irit  of  wine  lamp,  and  the  heat  gradu-  threads.  If  vritb  resinous  substances,  these 
ally  raised  in  such  a  manner  that  the  sulphu-  may  be  removed  by  oil  of  turpentine,  not  by 
ret,  in  tbe  state  of  vapour,  passes  along  the  alcohol  (as  directed  by  Dr  Black),  which  is  a 
surfisoe  of  tbe  glowing  iron.  In  this  way,  good  solvent  of  arsenious  add.  It  may  more- 
snlphuret  of  iron  and  sublimed  metallic  ar-  over  be  observed,  that  both  tea  and  coffee 
seme  are  obtained.  Hie  operation  ought  to  should  be  freed  from  thdr  tannin  by  gelatin, 
be  conducted  slowly.  Iron-turnings  will  not  which  does  not  act  on  the  arsenic,  previous  to 
answer,  because  the  arsenic  coinbines  with  the  use  of  reagents  for  the  poison.  When  one 
them  vrithout  any  sublimation.  The  garlic  part  of  arsenious  acid  in  watery  solution  is 
smell  should  never  be  trusted  to  without  ac-  added  to  ten  parts  of  milk,  the  sulphuretted 
tual  reduction  of  tbe  arsenic  hydrogen  present  in  the  latter,  occasions  the 

For  detecting  the  predse  nature  of  tbe  me-  white  colour  to  pass  into  a  canary  yellow ;  the 

tallic  crust  of  revived  arsenic,  when  its  quan-  cupreous  test  gives  it  a  slight  green  tint,  and 

tity  ia  too  minute  for  its  physical  characters  tlie  nitrate  ofsilver  produces  no  visible  change, 

to  be  unequivocally  ascertained,  Dr  Christison  though  even  more  arsenic  be  added ;  but  Sie 

has  added  a  very  elegant  test,  which  was  sug-  hydrosulphurets  throw  down  a  golden  yellow^ 

gested  to  him  by  Dr  Turner.     It  consists  in  with  the  aid  of  a  few  drops  of  an  add.     The 

chasing  the  crust  up  and  down  the  tube  by  liquid  contained  in  the  stomach  of  a  rabbit  poi- 
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Mtted  witb  a  lolutioD  of  3  gnuns  of  afsenioiii 
add,  aflforded  a  white  precipitate  with  nitiwie 
of  silvery  grejrish-white  with  lime  water,  greeo 
with  the  aiimionifr4ulphatey  and  deep  yellow 
with  sulphuretted  hydrogen  water. 

The  pEecediog  copious  description  of  the 
liabitudes  of  arsenious  acid  in  different  cir* 
comsfesnoesy  is  equally  applicable  to  the  solu- 
ble arKniteSt  Their  poisonous  operation,  as 
well  as  that  of  the  arsenic  acid,  has  been 
satisfactorily  referred  by  Mr  Brodie  to  the 
suspension  of  the  functions  of  the  heart  and 
brain,  occasioned  by  the  absorption  of  these 
substances  into  the  circulation,  and  thdir  con- 
sequent determination  to  the  nervous  system 
and  the  alimentary  canal.  This  proposition 
was  established  by  numerous  experiments  on 
rabbits  and  dogs.  Wounds  were  inflicted, 
and  arsenic  being  applied  to  them,  it  was 
found  that  in  a  short  time  death  supervened, 
with  the  same  symptoms  of  inflammation  of 
the  stomach  and  bowels  as  if  the  poison  bad 
been  swallowed. 

He  divides  the  morbid  affections  into  three 
classes:  Ist,  Those  depending  on  the  nervous 
system,  as  palsy  at  first  of  the  posterior  ex- 
tremities, and  then  of  the  rest  of  the  body, 
convulsions,  dilatation  of  the  pupils,  and  ge- 
neral insensibility :  2d,  Those  which  indicate 
flisturbance  in  the  organs  of  circulation ;  for 
example,  the  feeble,  slow,  and  intermitting 
pulse»  weak  contractions  of  the  heart  im- 
mediately after  death,  and  the  impossibility 
of  prolonging  them,  as  may  be  done  in  sudden 
deaths  from  other  causes,  by  artificial  re- 
spiration c  3d,  Lastly,  Those  which  depend 
on  lesion  of  the  alimentary  canal,  as  the  pains 
of  the  abdomen,  nauseas,  and  vomitings,  in 
those  animals  which  were  suffered  to  vomit. 
At  one  time  it  is  the  nervous  system  that  is 
most  remarkably  affected,  and  at  another  the 
(vgans  of  circulation.  Hence  inflammation 
of  the  stomach  and  intestines  ought  not  to  be 
considered  as  the  immediate  cause  of  death* 
in  the  greater  number  of  cases  of  poisoning 
by  arsenic.  However,  should  an  animal  not 
sink  under  the  first  violence  of  the  poison,  if 
the  inflammation  has  had  time  to  be  de- 
veloped, there  is  no  dcnibt  that  it  may  destroy 
life.  Mr  Earle  states,  that  a  woman  who 
had  taken  arsenic  resisted  the  alarming.sym]>- 
toms  which  at  first  appeared,  but  died  on  Uie 
fourth  day.  On  opening  her  body,  the  mu- 
cous membrane  of  the  stomach  and  intestines 
was  ulcerated  to  a  great  extent  Yet  authen- 
tic cases  of  poison  are  recorded,  where  no  trace 
of  inflammation  was  perceptible  in  the  prima 
vug.  ' 

The  effects  oi  anenic  have  been  graphically 
represented  by  Dr  Black :  "  The  symptoms 
produced  by  a  dang«x>us  dose  of  arsenic  begin 
to  appear  in  a  quarter  of  an  hour,  or  not  much 
longer,  after  it  is  taken.  First  sickness,  and 
great  distress  at  stomach,  soon  followed  by 
&irst,  and  burning  heat  in  the  bowels.   Then 


eome  on  violent  vomiting  and  sevens  co&c 
pains,  apd  excessive  and  painful  purgiagk 
Hiis  brings  on  fiiintings  with  cold  sweats,  and 
other  signs  of  great  debility.  To  this  succeed 
painful  cramps,  and  contractions  of  the  Icga 
and  thighs,  and  extreme  weakness,  and  death." 
Similar  results  have  followed  the  incautious 
sprinkling  of  schirrous  ulcers  with  powdered 
arsenic,  or  the  application  of  arseniad  papteik 
The  following  more  minute  specification  of 
symptoms  is  given  by  Orfila:  **  An  austere 
taste  in  the  mouth;  frequent  ptyalism;  conti- 
nual  spitting ;  constriction  of  the  pharynx  and 
Oiiophagus ;  teeth  set  on  edge ;  hiccups ;  nausea; 
vomiting  of  iNrown  or  bloody  matter ;  anxiety  ; 
frequent  fainting  fits;  burning  beat  at  the 
prwcordia;  inflanmiation  of  the  lips,  tongue^ 
palate,  throat,  stomach;  acute  pain  of  sto- 
mach, rendering  the^  mildest  drinks  intoler- 
able ;  black  stools  of  an  indescribable  fetor  ; 
pulse  frequent,  oppressed,  and  irregular*- 
somedmes  slow  and  unequal;  palpitation  of 
the  heart ;  syncope ;  unextinguishable  thint ; 
burning  sensation  over  the  whole  body,  r^. 
sembling  a  consuming  fire—at  times  an  icy 
coldness;  difiicult  respiration;  cold  sweats; 
scanty  urine,  of  a  red  or  bloody  appearance; 
altered  ezpressioo  of  countenance;  a  livid 
circle  round  the  eyelids ;  swelling  and  itching 
of  the  whole  body,  which  becomes  covered 
with  livid  spots,  or  with  a  miliary  eruption  ; 
prostration  of  strength ;  loss  of  feeling,  espe^ 
dally  in  the  feet  and  hands;  delirium,  co». 
vulsions,  sometimes  accompanied  with  an  iop. 
supportable  priapism ;  loss  of  the  hair ;  sepa^' 
•ration  of  the  epidermis ;  horrible  convulsions  ; 
and  death." 

It  is  uncommon  to  observe  all  these  fti^t- 
ful  symptoms  combined  in  one  individual; 
sometimes  they  are  altogether  wanting^  as  ia 
shewn  by  the  following  case,  related  by  M. 
Chaussier.  A  robust  man  of  middle  age  swal* 
lowed  arsenious  add  in  large  fragments,  and 
died  without  experiencing  other  symptoms 
tlian  slight  syncojtes.  On  opening  his  sto^ 
mach,  it  was  found  to  contain  the  arsenioua 
acid  in  the  very  same  state  in  which  he  had 
swallowed  it :  There  was  no  appearance  what- 
ever of  erosion  or  inflammation  in  the  intear 
tinal  canal.  EtmuUer  mentions  a  young  girl'a 
bdng  poisoned  by  arsenic,  and  whose  stomach 
and  bowels  were  sound  to  all  appearance^ 
though  the  arsenic  was  found  in  Uiem.  In 
general,  however,  inflammation  does  extend 
along  the  whole  canal,  from  the  mouth  to 
the  rectum.  Tlie  stomach  and  duodenuv^ 
present  frequently  gangrenous  points,  eschars^ 
perforations  of  ail  their  coats;  the  villous 
coat  in  particular,  by  this  and  all  other  cor- 
rosive poisons,  is  commonly  detached,  as  if  it 
were  scraped  off  or  reduced  into  a  paste  of  s 
reddish-brown  colour.  From  these  considers- 
tions  we  may  conclude,  that  from  the  eiist- 
ence  or  non-existence  of  intestinal  lesions, 
from  the  extent  or  seat  of  the  symptoms  alone. 
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the  pbjsicuin  should  not  venture  to  pnmounce    by  tickling  tbe  finico  with  a  ftnther.     Cljr«- 

SefinitiYely  on  the  fact  cf  poisonnig.  ^  ten  of  a  similar  nature  may  be  also  employed. 

Tlie  result  of  Mr  Brodie*s  experiments  on  '  Many  persons  have  escaped  death  by  having 

bralcs  teaches,  that  the  inflammations  of  the  taken  the  poison  mixed  with  rich  soups;  and 

intestines  and  stomach  are  more  severe  when  it  is  well  known,  that  when  it  is  prescribed 

die  poison  has  been  applied  to  an  external  as  a  mecBdne^  it  acts  most  beneficudly  when 

wound,  than  when  it  has  been  tfardwn  into  tha  given  soon  after  a  meaL     These  facts  have 

stomadi  itself.  led  to  the  prescription  of  butter  and  oLh;  the 

The  best  remedies  against  this  poison  in  the  use  of  which  is,  however,  not  advisable^  as 

aammarh  axe  copious  draughts  of  bland  liquids  they  screen  the  arsenical  particles  from  moi« 

of  a  mucilaginous  consistence^  to  inviscate  proper  menstrua,  and  even  appear  to  aggravate 

the  povrder,  so  as  to  procure  its  -complete  its  virulence.     Morgagni,  in  his  great  work 

cjectioD  by  vomiting.    Sulphuretted  hydrogen  on  tbe  seats  and  causes  of  disease,  states,  that 

randenaed  in  water  is  the  only  direct  antidote  at  an  Italian  feast  the  dessert  was  purposely 

to  its  virulence;  Orfila  having  found,  that  sprinkled  over  with  arsenic  instead. of  flour* 

when  dogs  were  made  to  swallow  that  h'quid.  Those  of  the  guests  who  had  previously  ata 

after  getting  a  pmsonous  dose  of  arsenic,  they  and  drank  little,  speedily  perished ;  those  who 

recovered,  though  their  oesophagus  was  tied  had  their  stomachs  well  filled,  'were  saved  by 

Is  prevent  vomiting ;  but  when  the  same  dose  vomiting.    He  also  mentions  the  case  of  three 

«f  poison  was  administered  in  the  same  cir-  children,  who  ate  a  vegetable  soup  poisoned 

eomstancesy  without  the  sulphuretted  water,  with  arsenic     One  of  them,  who  took  only 

that  it  proved  fataL  two  spoonfuls,  had  no  vomiting,  and  died; 

'When  the  viscera  are  to  be  subjected  after  the  other  two,  who  had  eaten  the  rest,  vo- 

deatfa  to  chemical  investigation,   a  ligature  mited,  and  got  well.     Should  the  poisoned 

eogfat  to  be  tinrown  round  the  oesophagus  and  patient  be  incapable  of  vomiting,  a  tube  of 

the  beginning  of  the  colon,  and  the  interme-  caoutchouc,  capable  of  being  attached  to  a 

diate  stomach  and  intestines  removed,    llieir  syringe,  msy  be  had  recourse  to.     The  tube 

liquid  contents  should  be  emptied  into  a  and  pump  serve  to  introduce  the  drink,  and  to 

basin ;  and  thereafter  a  portion  of  hot  water  withdraw  it  after  a  few  instants, 

introduced  into  the  stomach,  and  worked  tho-  It  has  been  for  some  time  known  in  Ger- 

roughly  up  and  down  this  viscust  as  well  as  many,  that  the  bodies  of  persons  poisoned  with 

die  intt8tine&  arsenic  have  been  found,  after  several  month% 

After  filtration,  a  portion  of  the  liquid  nay,  two  years  and  a  half,  in  a  state  of  re- 
should  be  concentrated  by  eviqioration  in  a  markable  preservation,  or  converted  externally 
porcelain  capsule,  and  then  submitted  to  the  into  a  species  of  adipocerous  matter;  and  tha 
proper  reagents  above  described.  We  may  stomach  and  intestines  firm,  flexible^  veddish» 
also  endeavour  to  extract  from  the  stomach,  as  if  they  had  been  pickled  in  brine ;  and  the 
by  digestion  in  boiling  wster  with  a  little  appearances  of  disease,  caused  by  the  arsenic^ 
amnxmii^  the  arsenical  impr^^tion,  which  were  often  as  distinct  as  in  a  recent  body^ 
has  been  sometimes  known  to  adhere  in  mi-  Dr  Christison  has  verified  these  results  by  ex- 
nute  particles  with  wonderful  obstinacy.  This  periments  on  dogs.  Dr  Kelch,  of  Konigsbeig, 
precaution  ought  therefore  to  be  attended  to.  buried,  in  February,  the  internal  organs  of  a 
Hie  heat  will  dissipate  the  excess  of  ammonia  man  who  had  died  of  arsenic,  and  whose  body 
in  tlie  above  operation ;  whereas  by  adding  had  remained  without  burial  till  tbe  external 
potash  or  soda,  as  prescribed  by  the  German  parts  had  begun  to  decay ;  and  on  examining 
diemistsy  we  introduce  animal  matter  in  al-  the  stomach  and  intesdnes,  five  months  after* 
kaHne  solution,  which  complicates  the  inves-  wards,  he  found  that  the  hamper  which  con* 
tigatioD.  tained  them  was  very  rotten,  but  that  they  had 

The   matters  rejected  ftom  tbe  patient's  a  peculiar  smell,  very  different  from  tlwt  of 

boweb  before  death  should  not  be  neglected,  putrid  bowels,  were  not  yet  acted  on  by  pu* 

These,  geoerally  speaking,  are  best  treated  trefaction,  and  were  still  as  fresh  as  when  they 

by  caudous  evaporadon  to  dryness ;  but  we  were  taken  from  the  body,  and  might  have 

must   beware  of  headng  the  residuum  to  served  to  make  instrucdve  preparadons.     In 

400^,  since  at  that  temperature,  and  perhaps  the  stomach,  the  inflamed  spots  seen  origi- 

a  Utde  under  it,  the  arsenious  add  itself  sub-  nally  had  not  disappeared.     In  consequence 

of  this  preservadon  of  the  body,  arsenic  has 


Vinegar,  bydrogturetted  alkaline  sulplmrets,  been  detected  in  Geaoany  fourteen  vunUks 

and  oils,  are  of  no  use  as  counterpoisons.  after  interment*     This  preservadve  power  is, 

Indeed,  when  the  arsenic  exists  in  substance  however,  subject  to  excepdons,  the  causes  of 

in  the  stomach,  even  sulphuretted  hydrogen  which  have  not  been  investigated. 
water  is  of  no  avail,  however  effectually  it         ACID  (B£NZOIC).    The  usual  method 

neotn^xe  an  arsenious  solution.    Syrups,  lin-  of  obtaining  this  add  aflbids  a  very  elegant* 

seed  tea,  decoction  of  mallows,  or  tragacanth,  and  pleasing  example  of  the  chemical  proceas 

and  warm  milk,  should  be  administered  as  of  sublimation.    For  this  purpose  a  thin  stra- 

eopiously  as  possible,  and  vomiting  provoked  turn  of  powdered  benzoin  is  spread  over  the  i 
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boCtcMti  af  a  glased  earthen  pot,  to  which  a  tall  the  decoctionsy  being  mixed  together,  moat  be 

eonical  paper  covering  is  fitted :  gentle  heat  evaporated  to  two  pounds,  and  stxained  int(» 

is  then  to  be  applied  to  the  bottom  of  the  pot,  a  glass  vessel. 

which  fuses  the  benxoin,  and  fills  the  apart-  •    This  fluid  consists  of  the  acid  of  benzoin 

ment  with  a  fragrant  smell,  arising  from  a  combined  with  lime.     After  it  is  become 

portion  of  essential  oil  and  add  of  benaoiny  cold,  a  quantity  of  muriatic  acid  must  be 

which  are  dissipated  into  the  air ;  at  the  same  added,  with  constant  stirring,  undl  the  fluid 

time  the  add  itself  rises  very  suddenly  in  the  tastes  a  little  sourish.     During  this  time  the 

paper  head,  which  may  be  occasionally  ii»>  last-mentioned  acid  unites  with  the  lime^  and 

specCed  at  the  top,  though  with  some  Kttle  forms  a  soluble  salt,  which  remains  suspend- 

care,  because  the  fumes  will  exdte  coughing,  ed,  while  tlie  less  soluble  add  of  benzdn,. 

Thi»  add  sublimate  is  condensed  in  the  form  bdng  disengaged,    falls  to  the  bottom  ia 

of  long  needles,  or  straight  filaments  of  a  white  powder.     By  repeated  aflusions  of  cold  water 

colour,  crossing  each  other  in  all  directions,  upon  the  filter,  it  may  be  deprived  of  the 

When  the  white  add  ceases  to  rise,  the  cover  muriate  of  lime  and  muriatic  add  with  which 

may  be  changed,  a  new  one  applied,  and  the  it  may  happen  to  be  mixed.     If  it  be  requir- 

heat  raised:  more  flowers  ofa  yellowish  colour  ed  to  have  a  shining  appearance,  it  may  be 

will  Uien  rise,  which  require  a  second  sub-  dissolved  in  a  small  quantity  of  boiling  water, 

limation  to  deprive  them  of  the  empyreumatic  from  which  it  will  separate  in  silky  filamenta 

oil  they  contain.  by  cooling.     By  this  process  the  benxoic  acid. 

The  sublimation  of  the  add  of  benzmn  may  may  be  procured  from  other  substances  in 

be  conveniently  performed  by  substituting  which  it  exists. 

an  inverted  earthen  pan  instead  of  the  paper  •    Mr  Hatchett  has  shown,  that,  by  digesting 

cone.     In  tliis  case  the  two  pans  should  be  benzoin  in  hot  sulphuric  add,  very  b^utiful 

made  to  fit,  by  grinding  on  a  stone  with  sand,  crystals  are  sublimed.     This  is  perhaps  the 

and  they  must  be  luted  together  with  paper  best  process  for  extracting  the  add.     If  we 

dipped  in  paste.     This  method  seems  pre-  concentrate  the  urine  of  horses  or  cows,  and 

fen^le  to  the  other,  where  the  presence  of  the  pour  muriatic  acid  into  it,  a  copious  fNrecipi- 

operator  is  required  elsewhere ;  but  the  paper  tate  of  benzoic  add  takes  place.     This  is  the 

bead  can  be  more  easily  inspected  and  cfaang-  cheapest  source  of  it. 

ed.     The  heat  applied  must  be  very  gentle^         Benzoic  add  has  been  found  by  M.  Vogel 

and  the  vessels  ought  not  to  be  separated  till  in  the  sweet-scented  vernal  grass  (anthoxan- 

they  have  become  cool.  thum  odoratum),  and  in  the  sweet-scented 

'    The  quantity  of  acid   obtained  by  these  |oft  grass   (holcus  odoratxis);    two  grasses 

methods  differs  according  to  the  management,  which   communicate  to  hay   their  peculiar 

and  probably  also  from  difi*erence  of  purity,  aroma. 

and  in  other  respects,  of  the  balsam  itself.  Tlie  add  of  benzoin  is  so  inflammable,. 
It  usually  amounts  to  no  more  than  about  that  it.  bums  with  a  clear  yellow  flame  with* 
one-dghth  pait  of  the  whole  wdght.    Indeed  out  the  assistance  of  a  wick.     The  sublimed 
Sdieele  says,  not  mT>re  than  a  tenth  or  twelfth,  flowers  in  thdr  purest  state,  as  white  as  or- 
TTie  whole  add  of  benzoin  is  obtained  with  dinary  writing  paper,  were  fused  into  a  clear 
greater  certainty  in  the  humid  process  of  transparent  yellowish  fluid,  at  the  two  hun^ 
Scheele :  this  consists  in  boiling  the  powdered  dred .  and   thirtieth   degree  of   Fahreohdt*s 
balsam  with  lime  and  water,  and  afterwards  tliermometer,  and  at  the  same  time  began 
separating  the  lime  by  the  addition  of  muria-  to  rise  in  sublimation.     It  is  probable  that 
tic  add.     Twelve  ounces  of  water  are  to  be  a  heat  somewhat  greater  than  this  may  be 
poured  upon  four  ounces  of  slaked  lime ;  and,  required  to  separate  it  from  the  resin.     It  is 
after  the  ebullition  is  over,  eight  pounds,  or  strongly  disposed  to  take  the  crystalline  form 
■inety-dx  ounces,  more  of  water  are  to  be  in  coolmg.     Tlie  concentrated  sulphuric  and 
added :  a  pound  of  finely  powdered  benzoin  nitric  adds  dissolve  this  concrete  acid,  and 
being  then  put  into  a  tin  vessel,  six  ounces  of  it  is  again  separated  without  alteration,  by 
the  milk  of  lime  are  to  be  added,  and  mixed  adding  water.     Other  acids  dissolve  it  by  the 
well  with  the  powder;  and  afterwards  tlie  rest  assistance  of  heat,  from  which  it  separates  by 
of  the  lime  water  in  the  same  gradual  manner,  cooling,  unchanged.     It  is  plentifully  solu- 
because  the  benzoin  would  coagulate  into  a  ble  in  ardent  spirit,  from  which  it  may  like- 
mass,  if  the  whole  were  added  at  once.    This  wise  be  separated  by  diluting  the  spirit  with 
mixtuae  must  be  gently  boiled  for  half  an  water.     It  readily  dissolves  in  oils,  and  in 
hour  with  constant  agiution,  and  afterwards  melted  tallow.     If  it  be  added  in  a  small 
sufiered  to  cool  and  subside  during  an  hour,  proportion  to  this  last  fluid,  part  of  the  tal- 
The  supernatant  liquor  must  be  decanted,  low  congeab  before  the  rest,  in  tlie  form  of 
and  the  residuum  boiled  with  dght  pounds  white  opaque  clouds.    If  the.  quantity  of  acid 
more  of  lime  water ;    af^  which  the  same  be  more  considerable,  it  separates  in  part  by 
process  is  to  be  once  more  repeated :  the  re-  cooling,  in  the  form  of  needles  or  feathers, 
maining  powder  must  be  edulcorated  on  tlie  In  the  destructive  distillation  of  tallow,  ben- 
filter  by  aflusions  of  hot  water.     Lastly,  all  zoic  acid  is  said  to  be  formed 
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At  die  temperature  of  boiling  water,  oil  of  and  ail  the  bases.     The  solutions  of  all  the 

tvipcntiae  diMolTes  about  its  own  weigfat  of  benxoates,  when  drying  on  the  sides  of  a  ve»^ 

benaoic  acid,  but  the  solution  becomes  con-  sel  wetted  with  them,  form  dendritical  crystal- 

cieCe  on  cooling.  lizations. 

Viae  benaoic  acid  is  in  the  form  of  a  light  TVommsdorff  found  in  his  experiments, 

^wder,  evidently  crystalliied  in  fine  needles,  that  benaoic  add  united  readily  with  metallic 

the  figure  of  which  is  difficult  to  be  deter-  oxides. 

mined  from  their  smallness.  It  has  a  white  The  beiuoates  are  all  decomposable  by 
and  shining  appearance ;  but  when  oontami-  beat,  which,  when  it  is  slowly  applied,  first 
nated  by  a  portioa  of  Tolatile  oil,  is  yellow  separates  a  portion  jo€  the  acid  in  a  vapour 
or  brownish.  It  is  not  brittle,  as  might  be  that  condenses  in  crystals.  The  soluble  ben- 
expected  firom  its  appearance, '  but  has  rather  loates  are  decomposed  by  the  powerful  acids, 
a  kbd  of  ductility  and  elasticity,  and,  on  which  separate  their  add  in  a  crystalline  form, 
nibbing  in  a  mortar,  becomes  a  sort  of  paste.  The  benzoate  of  ammonia  has  been  proposed 
Its  taste  is  acrid,  hot,  aridulous,  and  bitter*  by  Beraelius  as  a  reagent  for  predpitating 
It  reddens  the  infusion  of  litmus,  but  not  red  oxide  of  iron  from  perfectly  neutral  solu- 
sfrup  of  violets.  It  has  a  peculiar  aromatic  tions.  See  Salts  (Table  of.) 
smell,  but  not  strong  unless  heated.  .  This,  ACID  (BOLETIC).  An  add  extracted 
however,  appears  not  to  belong  to  the  add ;  from  the  expressed  juice  of  the  boletut  p$eudo~ 
fbr  BL  Giese  Informs  us,  that  on  dissolving  igmoriu*  by  M.  Braconnot.  This  juice^  con- 
the  benaoic  acid  in  as  litde  alcohol  as  possi-  centrated  to  a  syrup  by  a  very  gentle  heat, 
ble^  filtering  the  solution,  and  predpitating  by  was  acted  on  by  strong  alcohol.  What  re- 
water,  the  add  will  be  obtained  pure,  and  void  *  mained  was  dissolved  in  water.  When  ni- 
of  smell,  the  odorous  oil  remaining  dissolved  trate  of  lead  was  dropped  into  this  solution, 
ra  the  spirit.  Its  spedfic  grayity  is  0.667.  It  a  white  predpitate  feU,  which,  after  being 
is  not  perceptibly  altered  by  the  air,  and  has  well  washed  with  water,  was  decomposed  by 
been  kept  in  an  open  vessel  twenty  years  with-  a  current  of  sulphuretted  hydrogen  gas.  Two 
out  lodng-  any  of  its  wdght.  None  of  the  difi*erent  adds  were  found  in  the  liquid  after 
eombuslible  substances  have  any  effect  on  it ;  filtration  and  evaporation.  One  in  penna> 
but  It  may  be  refined  by  mixing  it  with  char-  nent  crystals  was  sOLEnc  add;  the  other 
coal  powder  and  subliming,  b«ng  tims  ren-  was  a  small  proportion  of  phosphoric  add. 
dered  much  whiter  and  better  crystallized.  It  The  former  was  purified  by  solution  in  ako- 
Is  not  very  soluble  in  water.  Wenzel  and  hoi,  and  subsequent  evaporation, 
liditenstcih  say  four  hundred  parts  of  cold  It  consists  of  irregular  four-sided  prisma, 
water  dissolve  but  one,  though  the  same  of  a  white  colour,  and  permanent  in  the  air. 
quantity  of  boiling  water  dissolves  twenty  Its  taste  resembles  cream  of  tartar.  At  the 
parts,  nineteen  of  which  separate  on  cooling,  temperature  of  68^  it  dissolves  in  180  times 
-  Berselius  states  the  composition  of  benzoic  its  wdght  of  water,  and  in  45  of  alcohoL 
acid  to  be,  caibon  74>.41,  oxygen  20.43,  and  Vegetable  blues  are  reddened  by  it  Red 
hydrogen  &I6,  in  100.  From  the  benzoate  oxide  of  iron,  and  the  oxides  of  silver  and 
of  lead,  he  deduces  the  prime  equivalent  to  mercury,  are  precipitated  by  it  firom  their 
be  14.893.  By  my  experiments  its  compo-  solutions  in  nitric  acid ;  but  lime  and  baryta 
nents  are,  caibon  66.74^  oxygen  28.32,  and  waters  are  not  affected.  It  sublimes  when 
hydrogen  4u94;  and  by  saturation  with  am-  heated  in  white  vapours,  and  is  condensed  in 
monia  its  prime  equivalent  appeared  to  be  a  white  powder.— ^nn.  de  Chimie,  Ixxx. 
I4w5,  to  oxygen  1.  ACID  (BOMBIC).  An  add  which  M. 
The  benzdc  acid  unites  without  much  Chaussier  extrscted  firom  the  silk  worm  in 
difficulty  with  the  earthy  and  alkaline  bases.  1781. 

The   benzoate  of  baryta  is  soluble  and  ACID  (BORACIC).    The  salt  composed 

crystallizes.    Hiat  of  lime  is  very  soluble  in  of  this  add  and  soda  had  long  been  used,  both 

though  much  less  in  cold  than  in  hot,  in  medidne  and  the  arts,  under  the  name  of 


and  crystallizes  on  cooling.    The  benzoate  of  borax,  when  Homberg  first  obtained  the  add 

magnesia  is  soluble,  crystallizable,  and  a  littie  separate  in  1702,  by  distilling  a  mixture  of 

deliquescent.    That  ofalumina  is  ver}*  soluble,  borax  and  sulphate  of  iron.      Lemery  the 

crystallizes  in  dendrites,  is  deliquescent,  and  younger  soon  aiter  discovered  that  it  could  be 

has  an  acerb  and  bitter  taste.     The  benzoate  obtained  from  borax  equally  by  means  of  the 

of  potash  crystallizes  on  cooling  in  litde  com-  nitric  or  muriatic  acid.      Geofiroy  detected 

pscted  needles.    The  benzoate  of  soda  is  very  soda  in  borax ;  and  at  length  Baron  proved 

crystallizable,  very  soluble,  and  not  deliques-  by  a  number  of  experiments,  that  borax  is  a 

cent  like  that  of  potash,  but  it  is  decomposable  compound  of  soda  and  a  peculiar  acid, 

by  the  same  means.     It  is  sometimes  found  To  procure  the  add,  dissolve  borax  in  hot 

native  in  the  urine  of  graminivorous  qua-  water,  and  filter  die  solution  ;  then  add  sul- 

drupcds,  but  by  no  means  so  abundantiy  as  phuric  acid,  by  litUe  and  little,  till  the  liquid 

that  of  lime.     Tlie  benzoate  of  ammonia  is  has  a  sensibly  acid  taste.     Lay  it  aside  to 

volatile,  and  decomposable  by  all  the  adds  cool,  and  a  great  number  of  small  shining 
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kminated  crystals  will  finrm.     These  are  the  The  prime  equivalent  of  boracic  acid  has 

boradc  actd»    lliey  are  to  be  washed  with  been  inferred,  from  the  borate  of  ammoniAy  to 

cold  water^  and  drained  upon  paper.  be  about  2.7  or  2.8 ;  oxygen  being  1.0;  and 

Boracic  add  thus  procured  is  in  the  form  it  probably  consists  of  2.0  of  oxygen  -f*^®  ^ 

of  thin  irregular  hexagonal  scales*  of  a  silvery  boron.     But  by  MM.  Gay  Lussac  and  llie- 

whiteness,  having  some  resemblance  to  sper*  nard,  the  proportions  would  be  2  of  boron  tp 

maoeti,  and  the  same  kind  of  greasy  feeL     It  1  of  oxygen. 

has  a  sourish  taste  at  first,  then  mokes  a  bit-  Boracic  acid  has  a  more  powerful  attraction 

terish  cooling  impression,  and  at  last  leaves  for  lime  than  for  any  other  of  the  bases, 

an  agreeable  sweetness.      Pressed  between  though  it  does  not  readily  form  borate  of  lime 

the  teeth,  it  is  not  britde  but  ductile.    It  has  by  adding  a  solution  of  it  to  lime  water,  or 

no  smell ;  but  when  sulphuric  acid  is  poured  decomposing  by  lime  water  the  soluble  alkn? 

on  it,  a  transient  odour  of  musk  is  produced,  line  borates.     In  either  case  an  insipid  white 

Its  specific  gravity  in  the  form  of  scales  is  powder,  nearly  insoluble,  which  is  the  borate 

1.479;  after  it  has  been  fused,  1.803.     It  is  of  lime,  is  however  precipitated.     The  borate 

not  altered  by  light     Exposed  to  the  fire,  it  of  baryta  is  likewise  an  insoluble,  tasteless 

swells  up,  from  losing  its  water  of  crystal-  white  powder. 

lisation,  and  in  this  state  is  called  calcined  One  of  the  best  known  combinations  of  this 

boracic  add.     It  melts  a  little  before  it  is  add  is  the  native  magnesia4xirate  of  Kalk^ 

red-hot,  without  perceptibly  losing  any  water,  berg,  near  Lunenburg.     See  Boeacxte. 

but  it  does  not  flow  freely  till  it  is  red,  and  The  borate  of  potash  is  but  little  knomu 

then  less  than  the  borate  of  soda.     After  this  With  soda  the  boradc  add  forms  a  salt  of 

fusion  it  is  a  hard  transparent  glass,  becom- '  considerable  use  in  the  arts,  and  long  known 

ing  a  little  opaque  on  exposure  to  the  air,  by  the  name  of  borax. 

without  alwtracting  moisture  from  it,  and  uiv-  M.  Fayen  has  lately  described  a  variety  of 

altered  in  its  properties;  for  on  bdng  dis-  borax  which  crystallises  in  regular  octahe- 

Golved  in  boiling  water  it  crystallizes  as  b&>  drons,  is  harder  than  common  borax,,  and  is 

fore.     This  glass  is  used  in  the  composition  almost  as  sonorous  as  cast-iron.     Its  fracture 

of  fiilse  gems.  is  vitreous,  and  rather  undulated.     It  differs 

Boiling  water  scsrcely  dissolves  one-fiftieth  little  from  common  borax,  except  in  contain- 
part,  and  cold  water  much  less.  When  this  ing  less  water  of  crystallization,  and  is  there* 
solution  ia  distilled  in  close  vessels,  part  of  fore  preferred  in  Pmn  for  soldering  copper, 
the  acid  rises  irith  the  water,  and  crystallizes  It  is  prepared  by  subjecting  sc^ution  of  com- 
in  the  recdver.  It  is  more  soluble  in  alcohol ;  mon  borax  to  ebullition,  and  then  allowing  it 
and  alcohol  containing  it  burns  with  a  green  to  cool  and  crystallise.  Borax  is  to  be  dia- 
flame,  as  does  paper  dipped  in  a  solution  of  solved  in  water  at  212^  Fahr.  in  such  quan!«> 
boradc  add.  tity  as  to  give  e  solution  of  specific  gravity 

Crystallized  boradc  add  is  a  compound  of  1.246.  When  left  to  cool  dowly  and  re^gu* 
67  parts  of  acid  and  43  of  water.  The  honour  larly,  small  octahedral  crystals  begin  to  fbnn 
of  discovering  the  radical  of  boracic  add  is  at  the  temperature  of  174*>  F.,  which  increase 
divided  between  Sir  H.  Davy  and  MM.  Gay  in  number  and  size  till  the  temperature  is 
Lussac  and  Thenard.  The  first,  on  applying  133^.  If  the  mother  liquor  be  now  decantr 
his  powerful  voltaic  battery  to  it,  obtained  a  ed,  all  the  crystals  left  are  of  the  kind  before 
chocolate-coloured  body  in  small  quantity ;  described ;  but  nearly  all  the  crystals  formed 
but  the  two  latter  chemists,  by  acting  on  it  under  this  heat  are  borax  of  the  ordinary 
and  potassium  in  equal  quantities,  at  a  low  red  sort.  If  the  density  of  the  boiling  solutidn  be 
heat,  formed  boron  and  sub-borate  of  potash,  no  higher  than  1.170,  only  common  crystals 
For  a  small  experiment,  a  glass  tube  will  serve,  are  obtained.  Hius  tlie  one  or  other  kind 
but  on  a  greater  scale  a  copper  tube  is  to  be  may  be  obtained  at  pleasure, 
preferred.  The  potassium  and  boradc  acid,  According  to  M.  Arfwedson,  borax  con* 
perfectly  dry,  should  be  intimately  mixed  sbts,  inthe  dryorcaldnedstate,  of  add68.9^ 
before  exposing  them  to  heat  On  withdraw,  soda  31. 1,  in  100.  It  was  analyzed  by  mix- 
ing the  tube  from  the  fire,  allowing  it  to  cool,  ing  it  with  three  or  four  times  its  weight  of 
and  removing  the  cork  which  loosely  closed  its  finely  powdered  fiuor-spar,  free  from  silica, 
mouth,  we  then  pour  successive  portions  of  and  a  sufiicient  quantity  of  sulphuric  add. 
water  into  it,  till  we  detach  or  dissolve  the  On  evaporating  the  mixture,  and  exposing  it 
whole  matter.  The  water  ought  to  be  heated  to  a  red  heat,  all  the  boradc  add  was  expelled 
each  time.  The  whole  collected  liquids  are  as  fluoboric  add  gas,  and  from  the  resultii^ 
allowed  to  settle ;  when,  after  washing  the  sulphate  of  soda  Uie  quantity  of  this  alkaline 
predpitate  till  the  liquid  ceases  to  affect  syrup  base  was  inferred. 

of  violets,  we  dry  the  boron  in  a  capsule,  and  Groelin  found  borax  to  contain  in  the  crys- 

then  put  it  into  a  phial  out  of  contact  of  air.  uUized  state  40.6  per  cent  of  water ;  and  in 

Boron  is  solid,  tasteless,  inodorous,  and  of  a  the  dry  state  he  regards  it  as  a  compound  of 

greenuh-brown  colour.     Its  spedfic  gravity  two  parts  by  weight  of  add  and  x>ne  of  base, 

b  somewhat  greater  than  water.  Borax^  therefore,  inste«d  of  being  called,  ms 
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the  sub-bente  of  soda*  ihould  be  cuhy  on  eontect  with  light,  is  thereby  dis- 

vieved  m  e  bi^Mrate.  tioguithed  team  bromide  of  tUver,  which  is 

•  RnoD  M.  Arfwcdson's  anelyvs  the  prime  yeIiowish»  curdy,  and  easily  affected  by  the 

tqsindeiit  at  boncic  add  would  seem  to  be  soDbeaois. 

4^4^  sad  ftem  M.  Gmelin's  4v     Dr  Tbomsoii         The  salts  of  lead,  which  produce  an  abun- 

h  only  Sb     More  recently  M •  Soebei*'  dant  ciystalline  precipitate  with  hydrobromate 

Unds  borax  to  consist  of  add  67.584^  of  potMh,  have  no  e^ct  on  the  bromata. 
32l416;  whence  the  eipnYalent  of  boi*-         Bromate  of  baryta  forms  adcular  erystab, 

cie  TMJ  oomes  oat  4b  175.  soluble  in  boiling  water,  scarcely  so  in  cold 

If.   I^cn  fiMiBd  100  parts  of  prismatic  water,  and  melting  with  a  green  flame  on 

bans  to  contain  46b95  of  water ;  anid  100  of  burning  cools. 
the  «clebadial  30i64  of  water.     He  gives  the         On  pouring  dilute  sulphoric  add  into  the 


itntion  of  these  salts  as  ibUows:'*-  solution  of  bromate  of  baryta,  so  as  to  pred* 

Aahyd^Bat,   Fiimii.Sor.      Octahed.  Bor. .  pttate  the  whole  of  the  base,  a  dilute  solution 

Bar    ^*2^88  ^*?L  88       2^88  of  biomic  add  is  obtained.     Hie  bromate  of 

Sodi,***  1  =  39.0^  1=  39.09  1  =  39.09  ^'^  ?»  »«J  *'?'*^^1^'  ^IIT".*'^ 

W^.                     10=112143  5  =  56.217  fomtoung  dilonne  with  brome,  and  by  plao- 

*                                  . —       '   .^ :;  ing  this  compound  in  contact  with  a  solution 

127,09         239.52        183.307  ofthat  earth. 

Borate  of  ammonia  forms  in  small  rbom-  3y  g]ovp  evaporation  the  graater  part  of  the  • 

boidal  crystals,  essily  decomposed  by  fire ;  or  crater  may  be  remov^     It  then  acquires  a 

m  scales,  of  a  pungent  urinous  taste,  which  syrupy  consistence^     If  the  temperature  be 

lose  the  oTstalUne  fonn»  and  grow  brown  on  raised  higher  with  the  view  of  expelling  the  • 

csposure  to  the  air.  water  completely,  one  portion  of  the  add  ev*- 

Borate  of  baryta,  when  melted,  and  then  pontes,  and  the  other  is  decomposed  into 

cut  and  polished,  exhibits  a  high  degree  of  oxygen  and  brome.    The  same  change  seems 

hutre^  and  closely  resembles  the  topas  of  toensue  when  the  concentration  is  p^hed  too 

Sszooy.        ^  far  by  the  abtion.  of  a  surface  of  sulphuric 

Boiadc  add  unites  with  silex  by  fusion,  add  in  vacuo.     Water  thus  appears  to  be 

snd  forma  with  it  a  solid  and  permanent  vi-  necessary  to  the  constitution  of  bromic  add. 

trsous  compound.  This  add  first  reddens  litmus  paper,  and  - 

Boradc  acid  has  been  found  in  a  disengag-  soon  thereafter  deprives  it  of  colour.     It  has 

ed  state  in  sevend  lakes  of  hot  mineral  waters  scarcely  any  smelL    Its  taste  is  very  add,  but 

near  Monte  Rotondo,  Berchiaio,  and  Cas-  not  at  all  corrosive. 

telloouovo  in  Tuicany,  in  the  proportion  of  The  hydradds,  as  also  those  which  are  not 

nearly  nine  grains  in  a  hundred  of  water,  by  saturated  with  oxygen,  act  with  great  eneigy 

M.  Hoeffer.    Bf.  Mascagni  also  found  it  ad-  on  bromic  acid.     Hie  sulphurous,  muriatic, 

hering  to  sdiistus,  on  the  borders  of  lakes,  hydriodic,  and  hydrobromic  adds  decompose 


of  an  obscure  white,  yellow,  or  greenish  co-  it,  as  well  as  sulphuretted  hydrogen.     From 

lour,  and  crystallised  in  the  form  of  needles,  hydriodic  acid,   compounds  of  brome  with 

He  baa  likewise  found  it  in  combination  with  chlorine  and  iodine  result, 
ammonia.     See  Salt.  Bromic  add  appears  to  be  composed,  in 

ACID  (BROMIC).   When  brome  is  agi-  100  parts,  of  64.69  brome, 
tetod  with  a  sufficiently  concentrated  solution  35.31  oxygen. 

of  potash,  two  very  different  compounds  are  If  it  contain,  like  the  chloric  add,  5  atoms  of 

fsnaed.     Hydrobromate  of  potash  remains,  oxygen,  the  atomic  weight  of  brome  would 

dissolved  in  the  liquid.    A  white  powder  pre-  thus  be  9. 1 ;  but  other  experiments  seem  to 

ripitatea  to  the  bottom  of  the  vessel,  of  a  crys-  make  it  9.5 ;  whence  the  add  should  consist 

talliae  aspect,  which  fuses  on  red-hot  coals  of  65.52  brome  -f-  34.48  oxygen, 
like  nitre,  and  is  transformed  by  heat  into         ACID  (OF  THE  BUG).     This  add  is 

bromide  of  potassium,  with  the  disengage-  merely  mentioned  by  Thenard,  as  a  peculiar 

Dent  of  oxygen.     This  crystalline  powder  is  compound. 

bromate  of  potash.     It  is  scarcely  soluble  in         ACID  (BUTYRIC).     We  owe  the  dis- 

skohol*  but  in  boiling  water  it  dissolves  pretty  covery  of  this  add  to  M.  Cbevreul.     Butter, 

eopioaaly,  from  which  solution,  by  cooling,  he  says,  is  composed  of  two  firt  bodies,  analc^ 

there  fall  down  needles  grouped  together,  gous  to  those  of  bog*s-iard,  of  a  colouring 

When  crystallised  by  evaporation,  the  bro-  principle,  and  a  remarkably  odorous  one,  to 

■ute  is  deposited  in  crystalline  plates,  with  which  it  owes  the  properties  that  distinguish 

little  lustre.     It  deflagrates  on  ignited  char-  it  from  the  fats,  properly  so  called.     This 

aal ;  and,  when  mixed  in  powder  with  sub-  prindple^  which  he  has  odled  butyric  add, 

limed  sulphur,  it  detonates  on  being  struck  forms  well  characterised  salts  with  baryta, 

by  a  hammer.  strontia,   lime,   the  oxides  of  copper,,  lead, 

The  solution  of  this  salt  yields  a  precipitate  &c. ;  100  parts  of  it  neutralise  a  quantity  of 

irith  nitrate  of  silver.     This  white  and  pul-  base  which  contains  about  ten  of  oxygen.    M. 

verulent   predpitate,  blackening  with  difii-  Chevreul  has  not  explained  his  method  of 
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separating  tliit  acid  from  the  other  ooMti- 
tuents  of  butter.  ^  See  Joum.  de  Pharmacies 
iii.  80. 

ACID  (CAMPHORIC).  One  part  of 
camphor  being  introduced  into  a  glass  retort, 
four  parts  of  nitric  acid,  sp.  gr.  1.^  are  to  be 
poured  on  it,  a  receiver  adapted  to  the  retort, 
and  all  the  joints  well  luted.  Hie  retort  is 
then  to  be  placed  on  a  sand  heat,  and  gradu- 
ally heated.  During  the  process  a  consider- 
able quantity  of  nitrous  gas,  and  of  carbonic 
add  gas,  is  evolved ;  and  part  of  the  camphor 
is  volatilised,  while  another  part  seises  the 
oxygen  of  the  nitric  add.  When  no  more 
vi^wurs  are  extricated,  the  vessels  are  to  be 
separated,  and  the  sublimed  camphor  added 
to  the  add  that  remains  in  the  retort.  A  like 
quantity  of  nitric  add  is  again  to  be  poured 
on  this,  and  the  distillation  repeated.  "Diis 
operation  must  be  repeated  till  the  camphor 
is  completely  acidified.  Twenty  parts  ci 
nitric  add  are  suffldent  to  ad^y  one  of 
camphor. 

When  the  whole  of  the  camphor  is  addified, 
it  crystallises  in  the  remaining  liquor.  Hie 
whok  is  then  to  be  poured  out  upon  a  filter, 
and  washed  with  distilled  water,  to  carry  off 
the  nitric  add  it  may  have  retained.  The 
most  certain  indication  of  the  acidification  of 
the  camphor  is  its  crystallising  on  the  cooling 
of  the  liquor  remaining  in  the  retort 

To  purify  this  add  it  must  be  dissolved  in 
hot.  distilled  water,  and  the  solution,  after 
bdng  filtered,  evaporated  nearly  to  half,  or 
till  a  slight  pellicle  forms;  when  the  cam- 
phoric add  will  be  obtained  in  crystals  on 
cooling. 

Camphoric  add  has  a  slightly  add  bitter 
taste,  and  reddens  infusion  of  litmus. 

It  crystallizes ;  and  the  crystals  upon  the 
whole  resemble  those  of  muriate  c^  ammonia. 
It  effloresces  on  exposure  to  the  atmosphere ; 
is  not  very  soluble  in  cold  water ;  when  placed 
on  burning  coals,  it  gives  out  a  tiiick  aromatic 
amcke^  and  is  entirely  dissipated ;  and  with  a 
gentle  heat  melts,  and  is  subUmed.  It  is  so- 
luble in  alcohol,  and  is  not  precipitated  from 
it  by  water ;  a  property  that  distinguishes  it 
from  the  benzoic  add.  It  unites  easily  with 
the  earths  and  alkalis.  See  Salts  (Table 
or). 

ACID  (CAPRIC).  An  add  obtained  by 
Chevreul  from  the  soap  made  with  the  butter 
of  cow's  milk,  and  so  named  because  it  has  a 
smdl  like  that  of  a  goat.  At  5°  Fahr.  it 
exists  in  the  form  of  crystals.  At  65^  F.  its 
sp.  gr.  is  0.910 ;  100  parts  water  dissolve  only 
CL 12,  but  with  alcohol  it  combines  in  all  pro- 
portions. 

ACID  (CAPROIC).  An  add  similar  to 
the  preceding,  and  obtained  from  the  same 
source. 

Its  prime  equivalent  in  the  crystalline  state 
aeems  to  be  about  1 1. 

ACID  (CARBAZOTIC).     To  obtain 


pure  caifaaaotic  add,  says  BI.  lidicg  its  di^ 
coverer,  the  finest  indigo  is  to  be  cnish^  and 
heated  moderately,  with  dght  or  ten  timea  it» 
wdght  of  nitric  add :  it  dissolves  with  effer- 
vescence, and  produces  much  nitrous  vapour. 
When  the  scum  has  fallen,  it  is  to  be  boiled* 
and  firesh  add  added,  until  no  more  nttraua 
vapour  be  exhaled ;  in  which  case  ndtlier 
resin  nor  artifidal  tannin  is  produced*  When 
the  liquid  cools,  hard^  yellow,  transparent 
crystals  form,  which  are  to  be  taken  out  and 
washed.  They  are  to  be  dissolved  in  boiling 
water,  and  the  few  drops  of  crfeaginous  liquid 
on  the  surface  are  to  be  removed  with  bibu> 
lous  paper.  By  filtration  and  cooling  a  large 
quantity  of  brilliant  yellow  lamellar  crystala 
are  obtained.  These  are  to  be  then  dissolved 
in  boiling  water,  and  saturated  with  carbonate 
of  potash,  so  as  to  obtain  the  carbaaotate  of 
this  base  by  cooling  the  liquor.  This  salt  must 
be  purified  by  repeated  crystallizations.  Its 
solution  will  ^en  afford,  with  sulphuric,  nitri^ 
or  muriatic  add,  brilliant,  dear,  yellow  crys- 
tals in  plates,  mostly  triangular,  which  are  the 
pure  add.  Four  parts  of  the  best  indigo  yield 
one  of  carbazotic  add. 

Tlie  carbaaotate  of  lead  is  readily  formed 
from  the  pure  add  and  carbonate  of  lead. 
It  is  a  yellow  powder,  scarcely  soluble  in 
water,  and,  when  dry,  detonating  strongly  bj 
heat  or  percussion.  It  has  indeed  been  pre- 
posed  for  the  discharge  of  percussion  guna. 
Carbaaotate  of  copper  crystallises  in  long 
rhombic  needles  of  an  emerald-|;reen  ocrfour  ; 
whidi  are  soluble  in  water,  and  in  air  fo- 
resee, becoming  yellow. 

The  composition  of  carbazotic  add  is  thus 
given  by  M.  Lieb^ :— > 

Qubon,  35.043 

Azote,  16.167 

Oxygen,  4&790 

100.000 
Carbaaotate  of  mercury  is  a  compound  of 
53.79  add  -|-  46.21  protoxide  of  the  metal. 

Carbazotic  acid  is  but  slightly  soluble  in 
cold,  but  much  more  so  in  boiling  water ;  and 
the  solution  has  a  bri^t  ydlow  colour,  red- 
dens litmus,  has  an  extremdy  bitter  tssle^ 
and  acts  like  a  strong  add  on  metallic  oxidea* 
dissolving  them,  and  forming  peculiar  salts^ 
Ether  and  alcohol  dissolve  the  add  readily. 

When  fused  in  contact  with  chlorine  or 
iodine,  it  is  not  decomposed,  nor  dOes  solutioq 
of  chlorine  affect  it.  Cold  sulphuric  add  has 
no  action  on  it ;  hot  dissolves  it ;  but  water 
separates  the  substance  without  alteration. 
Boiling  muriatic  add  does  not  affect  it ;  and 
nitro-muriadc  acid  only  with  great  diflSculty. 
These  results  shew  that  no  nitric  acid  is  pre- 
sent in  iL 

Carbaaotate  of  potash  crystallizes  in  long 
yellow  quadrilateral  needles,  semitransparent 
and  very  brilliant :  it  dissolves  in  260  parts  of 
water  at  59  F.,  and  in  much  less  of  boiling 
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>;  indeed,  a  i«tiintedboi]iog  hot  solution  atmosphei^  and  at  alow  temperature^  absorba 

bccomw  oo  cooling  a  jdiam  masB  of  needles,  somewhat  more  than  its  bulk  of  fixed  air,  and 

firom  wfaicfa    scarcely  any  fluid    will    run.  then  appears  acidulous.     If  the  pressure  be 

When  a  little  b  gradually  heated  in  a  glass  greater,  the  absorption  is  augmented*    It  is  to 

tHh^  it  first  fuses,  and  then  suddenly  explodes)  be  observed,  likewise,  that  more  gas  than  the 

faraaking  the  tube  to  fragments,  in  which  traces  water  will  absorb,  should  be  present.    Heated 

of  charcoal  are  observable.     Hie  slight  solu-  water  absorbs  less ;  and  if  water  impregnated 

bility  of  this  salt,  offersan  easy  method  of  tea-  with  this  acid  be  exposed  on  a  brisk  fixe,  the 

ting  and  separating  potash  in  a  fluid.     Tho  rapid  escape  of  the  aerial  bubbles  affords  an 

saturated  sc^ution  of  salt  at  59^  F.  is  not  dis-  appearance  as  if  the  water  wereat  the  point  of 

tubed  by  muriate  of  platinum.     It  contains  boiling,  when  the  heat  is  not  greater  tlian  the 

so  water  of  crystallisation.     Its  constituents  hand  can  bear.   Congelation  separates  it  readily 

are^       Carbaaotic  acid»         83.79  and  completely  from  water ;  but  no  degree  of 

Potash,                       16.21  cold  simply  has  yet  brought  this  acid  to  a  state 

— —  of  fluidity. 

100.00  Carbonic  add  is  denser  than  common  air, 

Oobaaotate  of  soda  crystallises  in  fine  silky  in  the  proportion  of  1.5277  to  1.0000;  and  for 

ydkyw  needles,  haying  the  general  properties  this  reason  occupies  the  lower  parts  of  such 

of  the  salt  of  potash,  but  soluble  in  from  20  mines  or  caverns  as  contain  materials  which 

Id  24  parts  of  water  at  G09  F.  afford  it  by  decomposition.     The  miners  call 

-  Csrbaxotate  of  ammonia  forms  very  long,  it  choke-damp.     The  Grotto  del  Cano,  in  the 

fisttened,  brilliant,  yellow  crystals,  very  soluble  kingdom  of  Naples,  has  been  famous  for  ages 

in  water.     Carbaaotate  of  baiyta  is  obtained  on  account  of  the  effects  of  a  stratum  of  fixed 

by  heating  the  carbonate  of  this  earth  in  dilute  air  which  covers  its  bottom.     It  u  a  cave  or 

caibaaotic  add.     It  crystallises  in  quadran-  hole  in  the  side  of  a  mountain,  near  the  lake 

gnbr  prisms  of  a  deep  colour,  which  dissolve  Agnano^  measuring  not  more  than  eighteen 

cMily  in  water.    When  heated  it  fuses,  and  is  feet  from  its  entrance  to  the  inner  extremity ; 

decomposed  with  very  powerful  explosion,  ac-  where  if  a  dog  or  other  animal  that  holds  down 

companied  with  a  vivid  yellow  flame.     The  its  head  be  thrust  in,  it  is  immediately  killed 

explosion  reseoibles  that  of  fulminating  silver,  by  inhaling  this  noxious  fluid. 

100  parts  of  die  crystallized  barytic  salt  consist  Carbonic  acid  gas  is  emitted  in  large  quan- 

of  add  69. 16,  baryta  21.60,  and  water  9.24.  titles  by  bodies  in  the  state  of  the  vinous  fer- 

C^otbasotate  of  lime,  obtained  like  that  of  mentation,  (see  Fermentation)  ;  and  on  ecu 

baryta,  is  in  flattened  quadrangular  prisms,  count  of.  its  great  wdght,   it  occupies  the 

very  soluble  in  vrater,  and  detonating  like  the  apparently  empty  space  or  upper  part  of  the 

salt  of  potash.  vessels  in  which  the  fermenting  process  is 

Caitiaaotate  of  silver  is  made  by  dissolving  going  on.     A  variety  of  striking  experiments 

the  oxide  of  the  metal  in  the  hot  dilute  acid  ;  may  be  made  in  this  stratum  of  elastic  fluid, 

and  on  gradual  eraporation  of  the  liquid,  starry  lighted  paper,  or  a  candle  dipped  into  it,  is 

gitmps  of  fine  sdcuter  crystals,  of  the  colour  immediately  extinguished;  and  the  smoke  re* 

and  lustre  of  gold,  are  obtained.     The  salt  is  maining  in  the  carbonic  acid  gas  renders  its  sur- 

readily  soluble  in  water.     When  heated  to  a  lace  visible,  which  may  be  thrown  into  waves 

certain  degree,  it  does  not  detonate,  but  fuses,  by  agitation  like  water.     If  a  dish  of  water 

ACID  (CARBONIC).  This  add,  bring  be  immersed  in  this  gas,  and  briskly  agitated, 
a  compound  of  carbon  and  oxygen,  may  be  it  soon  becomes  impregnated,  and  obtains  the 
fijrmed  by  burning  charcoal ;  but  as  it  exista  pungent  taste  of  Pyrmont  water.  In  con- 
m  great  abundance  ready  formed,  it  is  not  ne-  sequence  of  th^  wdght  of  the  carbonic  add 
cessary  to  have  recourse  to  this  expedient.  All  gas,  it  may  be  lifted  out  in  a  pitcher,  or  bottle^ 
that  is  necessary  is  to  pour  sulphuric  or  mu-  which,  if  well  corked,  may  be  used  to  convey 
riatic  add,  diluted  with  five  or  six  times  ita  it  to  great  distances^  or  it  may  be  drawn  out 
weight  of  water,  on  common  chalk,  winch  is  a  of  a  vessel  by  a  cock  like  a  liquid.  The  ef- 
compound  of  carbonic  add  and  lime.  An  fects  produced  by  pouring  this  invisible  fluid 
efllbrvescence  ensues ;  carbonic  add  is  evdved  from  one  vessel  to  another,  have  a  very  sin- 
in  the  state  of  gas,  and  may  be  received  in  the  gular  appearance :  if  a  candle  or  small  animal 
usual  maimer.  be  placed  in  a  deep  vessel,  the  former  becomes 

Carbonic  add  abounds  in  great  quantities  extinct,  and  the  hitter  expires  in  a  few  seconds, 

in  nature,  and  appean  to  be  produced  in  a  afWr  the  carbonic  add  gas  is  poured  upon 

variety  of  drcumstances.    It  composes  V^  of  them,  though  the  eye  is  incapable  of  disdn- 

tfae  wdght  of  limestone,  marble,  calcareous  gui»hing  «ny  thing  that  is  poured.     If,  how- 

spar,  and  other  natural  spedmens  of  calcareous  c^""'  *»  ^  poured  into  a  vessel  full  of  air,  in 

earth,  from  which  it  may  be  extricated  other  **>«  aunshme,  its  density,  bdog  so  much  greater 

by  the  simple  application  of  heat,  or  by  the  «h«>  **>*'  «  ^e  «>"»  renders  it  slightly  visible 

superior  affinity  of  some  other  add ;  most  adds  by  the  undulations  and  streaks  it  forms  in  this 

having  a  stronger  action  on  bases  than  this.  *«»d,  as  it  descends  through  it. 

Water,  under  the  common  pressure  of  the  Carbonic  add  reddens  infusion  of  litmus; 


ACID  26  CARBONIC. 

iMit  the  rcdncK  Tinisihet  by  exposure  to  the  air,  a  spedftc  gnmij  €it  1.001A.     On  ftvenag  it,' 
M  the  add  fiiet  off.      It  has  a  peculiar  sharp  the  gas  is  as  eompleteljr  expelled  as  by  boiling, 
taste^  which  may  be  perceived  over  vats  in  By  artificial  pressure  with  fordog  puaapa^ 
whidi  wine  or  beer  is  fermenting,  as  also  in  water  may  be  made  to  abaoib  two  or  three 
sparkling  Champaign,  and  the  brisker  kinds  of  times  its  bulk  of  carbonic  acid.     When  thape 
dder.     It  consists,  in  100  parts,  of  oxygen  is  also  added  a  little  potash  or  sodi^  it  b»- 
78.78,  the  other  87.88  being  pure  carbon.    It  conies  aerated  or  cariionated  alkaline  water  ; 
not  only  destroys  life,  but   the  heart  and  a  pleasant  beverage^  and  a  not  inactive  remedy 
muscles  of  animals  killed  by  it  lose  all  their  in  several  complaints,  particularly  dyspepaia* 
initability,  so  as  to  be  insensible  to  the  stimu-  hiccup,  and  disorders  of  the  kidneys.    Alcobol 
fan  of  galvanism.  cond^ises  twice  its  volume  of  carbonic  aci«L 
Cartionic  arid  is  dilated  by  heat,  but  not  The  most  beautiful  analytical  experiment  vritfa 
otherwise  altered  by  it     It  is  not  acted  upon  caibonic  acid  is  the  combustion  of  potassium 
by  oxygen.     Charood  absorbs  it,  but  gives  it  in  it,  the  formation  of  potash,  and  the  depo- 
out  agdn  unchanged,  at  ordinary  tempera-  sition  of  chaicoaL     Nothing  shows  the  power 
tores;  but  when  this  gaseous  add  is  made  to  of  chemicd  research  in  a  more  favourable 
traverse  charcoal  ignited  in  a  tube,  it  is  con-  light  than  the  extmction  of  an  invisiUa  gaa 
verted  into  carbonic  oxide;     Phosphorus  is  from  Parian  marble  or  crystalUsed  spar,  and 
insoluble  in  carbonic  acid  gas;  but  is  capable  its  resolution  by  such  an  experiment  imttk 
of  decomposing  it  by  compound  affinity,  when  oxygen  and  carbon.  -  From  the  proportion* 
assisted  by  sufficient  heat ;  and  Priestley  and  above  stated,  5  gr.  of  potassium  should  -be 
Cruickshank  have  shown,  that  iron,  sine,  and  used  for  3  cubic  inches  of  gas.     If  lesa  bar 
several  other  metals,  are  ci^Mble  of  produdng  employed,  the  whole  gas  will  not  be  dacooo- 
the  same  eflecL  posed,  but  a  part  will  be  absorbed  by  the  pot- 
Carbonic  add  appears  from  various  experi^  ash.     From  the  above  quantities  S^ths  of  ». 
ments  of  logenhouss  to  be  of  considerable  grain  of  charcoal  will  be  obtained.     If  a  pov- 
utility  in  promoting  vegetation.     It  is  pro-  oeldn  tube,  containing  a  cdl  of  fine  iron  wirs^ 
bably  decomposed  by  the  organs  of  plants,  its  be  ignited  in  a  furnace,  and  if  cariionic  add- 
base  furnishing  part  at  least  of  the  carbon  that  be  passed  backwards  and  forwards  by  mrana 
is  so  abundant  in  the  vegetable  kingdom,  and  of  a  full  and  empty  bladder  attached  to  the. 
its  oxygen  contributing  to  replenish  the  at-  ends  of  the  tube^  the  gas  will  be  converted 
mosphere  with  that  necessary  support  of  life,  into  cartK>nic  oxide,  aiid  the  iron  will  be. 
which  is  continually  diminished  by  the  res-  oxidised. 

piration  of  aninuils  and  other  causes.  Carbonic  add  gas  may  be  rendered  liquid 

The  most  exact  experiments  on  the  neutral  by  great  pressure.   Take  a  strong  glass  syphon, 

carbonates  coucur  to  prove,  that  the  prime  and  seal  the  end  of  its  shorter  Ic^.     Bymeana 

equivalent  of  carbonic  add  is  8.75 ;  and  that  of  a  long  glass  iiinnd,  nearly  fill  that  leg  with 

it  consists  of  one  prime  of  carlion  ss  0.75-}-  strong  sulphuric  add:  obstruct  the  bended 

8.0  oxygen.     This  proportion  is  most  exactly  part  with  a  bit  of  platinum  foil,  and  introduce 

deduced  from  a  comparison  of  tlie  spedfic  over  this  small  pieces  of  carbonate  of  ammo- 

gravities  of  carbonic  add  gas  and  oxygen ;  nia  till  the  tube  be  nearly  filled :  now  acal 

for  it  is  well  ascertuned,  that  the  latter,  by  its  strongly  by  fusion  the  open  end  of  the  tube  ; 

combination  with  charcoal,  and  conversion  into  then  make  the  sulphuric  add  to  run  over  on. 

the  fonner,  does  not  change  its  volume.  Now,  the  carbonate,  and  leave  the  tube  inclined  in 

100  cubic  inches  of  oxygen  wdgh  33.8  gr.  and  such  a  position  as  thai  all  the  add  may  drain 

lOOcubic  inchesof  carbonic  add  4d.5,  showing  out  of  the  shorter  leg.    Great  care  must  mean- 

the  wdght  of  combined  charcoal  in  tliat  quan-  while  be  taken  of  the  eyes,  for  the  tube  is  very 

tity  to  be  18.7.     But  the  oxide  of  carbon  con-  apt  to  explode.     When  the  dean-drained  end. 

tains  only  half  the  quantity  of  oxygen  which  is  afterwards  placed  in  a  mixture  of  ice  and 

caibonic  add  does ;  and  we  hence  infer,  that  salt,  carbonic  add  in  the  liquid  state  will 

die  oxide  of  carbon  consists  of  one  prime  of  distil  over. 

oxygen  united  to  one  of  caibon.  Hiis  a  priori  Liquefied  carbonic  add  is  a  limpid,  colour- 
judgment  is  confirmed  by  the  weight  8.75de-  less  body,  extremdy  fluid,  which  floats  upon 
duced  from  the  carbonates,  as  the  prime  equi-  the  other  contents  of  the  tube^  so  that  the  ha- 
▼alent  of  carbonic  add.  Therefore  we  have  zardous  process  of  distillation  is  hardly  nece». 
this  proportion  :•*-  sary,  though  this  goes  on  rapidly  at  the  diffe- 
if  3^8  represent  two  primes  of  oxygen  or  rence  of  temperature  between  38^  and  0^. 
8 ;  18.7  will  represent  one  of  cart)on ;  33.8 :  Its  refractive  power  is  much  less  than  thatof 
3  : :  18.7 :  0.751,  bdng,  as  above,  the  prime  water.  Its  vapour  exerts  a  pressure  of  36  at- 
equivalent  or  first  combining  proportion  of  mospheres  at  a  temperature  of  32^.  As  this  li- 
carbon.  I  f  the  spedfic  gravity  of  atmospheric  quid  acid  renuuns  in  contact  with  concentrated 
air  be  called  l.OOtX),  that  of  carbonic  add  will  sulphuric  add,  it  may  be  inferred  to  be  free 
be  1.5877,  as  above  stated.  from  water.  For  this  most  interesting  disco- 
We  have  seen  that  water  absorbs  about  its  viery,  and  other  analogous  ones  on  other  gases, 
volume  of  thu  acid  gas,  and  thereby  acquires  we  are  indebted  to  Mr  Faraday.  Pk,  Tr.  18^3. 
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Hie  cnliooates  are  chancteriMd  by  efi«r-  tlias  salt,  we  have  thus  a  ready  mode  of  d*^ 

▼cadng  with  afanost  all  the  adds,  eren  the  tecting  its  aduHeratioos  in  genenl ;  and  as  it 

acaticw  when  they  evolve  their  gaseous  add,  is  often  of  consequence,  in  manufactures,  t» 

wlacht  papBcd  into  lime,  water  by  a  tube^  de-  know  how  much  alkali  a  particular  specimen 

prives  it  of  iu  taste,  and  converts  it  into  chalk  contains,  this  may  be  ascertained  by  tbe  quao- 

•ad  pure  water.  tity  of  sulpburic  add  it  will  saturate. 

2%e  CQtbmutU  vf  baryta  was,  by  Dr  With-         This  salt  is  deliquescent 
crin^  first  found  native  at  Alston  Moor  in         It  consists  of  6  potash  4-  ^75  carbooic 

Ounberland,  in  1783.     From  this  drcum-  add  s=  8.75. 

stance  it  has  been  termed  Witherite  by  Wer-         The  bi-carbonale  of  potath  crystallises,  a& 

OCT.     See  Heavy  Sfab.  cording  to  Fourcroy,  in  square  prisms,  tbe 

It  may  be  prepared  by  eiposing  a  solution  apices  of  which  are  quadrangular  pyramids. 

9i  pure  baryta  to  the  atmosphere,  when  it  According  to  Felletier,  they  are  tetraedral 

will  be  covered  with  a  pellicle  of  this  salt  by  rhomboidal   prisms,   with  dfedral   summits, 

absorbing  carbonic  add;  or  carbonic  acid  may  The  complete  crystal  has  eight  faces,  two 

be  reedved  into  this  solution,  in  which  it  will  hexagons,  two  rectangles,  and  four  rhombs, 

immediately  form  a  copious  predpitate ;  or  a  It  has  an  urinous  but  not  caustic  taster  changes 

idulioo  of  nitrate  or  muriate  of  baryta  may  the  syrup  of  violets  green :  boiling  water  £s- 

be  predpiuted  by  a  solution  of  the  carbonate  solves  five-sixths  of  its  weight,  and  cold  water 

of  poUnb,  soda  or  anmionia.    The  predpitate,  one-fourth ;  alcohol,  even  when  hot,  will  not 

in  cither  of  these  cases,  bdng  well  washed,  will  dissolvemore  than  l*1200th.    Itsspecific  gr». 

be  fbnod  to  be  very  pure  carbonate  of  baryta,  vity  is  2.012. 

CarlMoate  of  baryta  is  soluble  only  in         Bi-carbonate  of  potash  melts  with  a  gentle 

4dM  times  its  weight  of  cold  water,  and  2d04r  heat,  loses  its  water  of  crystallisation,  amount- 

ef  boiliiig  water,  and  this  requires  a  long  time;  ing  to  |4n,  and  gives  out  one-half  of  its  car- 

bnt  water  saturated  with  carbonic  add  die*  i^^ic  aod.     To  obtain  the  bt-carbonate  we 

aohrcs  l-830th.    It  is  not  altered  by  exposure  Qjugt  saturate  the  common  cart>onate  with 

to  the  air,  but  is  decomposed  by  the  applica^  carbonic  acid,  which  is  best  done  by  passing 

tiflo  of  m  very  violent  heat,  either  in  a  black,  ^he  add  in  the  state  of  gas  through  a  solution 

Jeadcrudble^  or  when  formed  into  a  paste  with  of  the  salt  in  twice  its  wdght  of  water, 
fharenal  powder.     Sulphuric  add,  in  a  con-         'j^  bi-carbonate  is  usually  called  super- 

ccntrated  state,  or  diluted  with  three  or  four  carbonate  by  the  apothecaries.     It  consists  of 

psita  of  water,  does  not  separate  tbe  carixmic  2  primes  of  carbonic  addB5.500,    1  of 

add  vrithi^Tervescenc^  unless  assisted  by  heat,  poush  sss  6,  and  1  of  water  s=  1.125,  in  all 

Huriadc  mad  does  not  act  upon  it  likewise,  12.625. 

vnlesB  diluted  with  water,  or  assisted  by  heat         Carbonait  of  toda  has  likewise  been  long 

And  nitric  add  does  not  act  upon  it  at  all,  uo-  known,  and  was  distinguished  from  tbe  pre- 

less  dihited.     It  has  no  sensible  taste,  yet  it  ceding  by  the  name  of  mineral  atkaii.     In 

it  cxtremdy  poiionotts.  commerce  it  is  usually  called  bariiia  or  soda  ; 

It  is  oomposed  of  2.75  parts  of  add,  and  ;„  which  state,  however,  it  always  contains  a 

a75  of  baryta.   Its  prime  equivalent  is  there-  mixture  of  earthy  bodies,  and  usually  com- 

fore  the  sum  of  these  numbers  ss  12.5.  xaaa.  salt    It  may  be  purified  by  dissolving  it 

CarbomaU  if  otrooHa  wss  first  pointed  out  fn  a  small  portion  of  water,  filtering  the  solu- 

as  distinct  from  the  preceding  spedcs  by  Dr  tion,  evaporating  at  a  low  heat,  and  skimming 

Crawford,  in  1790.     See  Hsavy  Spab.  off  the  crystals  of  muriate  of  soda  as  they  form 

It  consists  of  0.50  strontia  -f-  2.75  carbonic  on  its  surface.     When  these  cease  to  form, 

addss  0.25.  the  solution  may  be  suffered  to  cod,  and  the 

CarbomaU  ^  time  exista  in  great  abundance  caibonate  of  soda  will  crystalUze. 
in  nature.     It  has  scarcely  any  taste ;  is  in-         One  form  of  it  is  fbund  in  nature.     In 

soluble  in  pure  water,  but  water  saturated  Egypt,  where  it  is  collected  from  the  surface 

with  carbonic  add  takes  up  l-1500th,  though  of  the  earth,  particularly  after  the  desiccation 

as  tbe  add  flies  off  this  is  precipitated     It  of  temporary  lakes,  it  has  been  known  from 

suHcrs  little  or  no  altention  on  exposure  to  time  immemorial  by  the  name  of  nt^rum,  na- 

the  air.      When  heated  it  decrepiUtes,  iU  f^on,  or  natrum.     A  caiixmate  of  soda  ex^ 

water  flies  off,  and  lastly  its  add;  but  this  re-  portiNi  from  Tripoli,  which  is  called  Trona 

quires  a  pretty  strong  heat     By  this  process  f^om  the  name  of  the  place  where  it  is  found, 

it  is  burned  into  lime.  and  analysed  by  Klaproth,  contained  of  soda 

It  is  composed  of  a  50  lime  +  2.75caibo-  37  parts,  carbonic  acid  .38,  water  of  crystal- 

oic  add  =s  6,25 ;  or  in  100  parts,  of  66  lime^  Gzation  22.5,  sulphate  of  soda  2.     This  does 

and  44  acid.      See  Calca&bous  Spab  and  ^ot  effloresce. 
LoagtoVB.  The  common  carbonate  crystallises  in  rhom- 

CurbonaU  tfpato$k  was  long  known  by  the  boidal  decaiklrons,  formed  by  two  qoadrangu- 

name  otvegeiahU  alkalL  lar  pyramids,  truncated  very  near  thdr  bases. 

As  water  at  the  usual  tempersture  of  the  Frequently  it  exhibits  only  rhomboidal  In- 
air  dissolves  racier  more  than  ito  wdght  of  mine.     Its  spedfic  gravity  is  1.3591.     Its 
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taste  is  urinous,  and  slightly  acrid,  without  monly  produced  by  sublimation  are  little  bun- 
being  caustic.  It  changes  blue  vegetable  dies  of  needles,  or  very  slender  prisms,  so 
colours  to  a  green.  It  is  soluble  in  less  than  arranged  as  to  represent  herborisations,  fent 
its  weight  of  boiling  water,  and  twice  its  leaves,  or  feathers.  The  taste  and  smell  of 
weight  cf  cold.  It  is  one  of  the  most  efflo-  this  salt  are  the  same  with  those  of  pure  am- 
rescent  salts  known,  falling  completely  to  monia,  but  much  weaker.  It  turns  the  colour 
powder  in  no  long  time.  On  the  application  of  violets  green,  and  that  of  turmeric  brown, 
of  heat  it  is  soon  rendered  fluid  from  the  great  It  is  soluble  in  rather  more  than  thrice  its 
quantity  of  its  water  of  crystallization ;  but  is  weight  of  cold  water,  and  in  its  own  weight 
dried  by  a  continuance  of  the  heat,  and  then  of  hot  water;  but  a  boiling  heat  volatilites  it. 
melts.  It  is  somewhat  more  fusible  than  the  When  pUre,  and  thoroughly  saturated,  it  is 
carbonate  of  potash,  promotes  the  fusion  of  not  perceptibly  alterable  in  the  air ;  hut  when 
earths  in  a  greater  decree,  and  forms  a  glass  it  has  an  excess  of  ammonia,  it  softens  and 
of  better  quality.  Like  tliat,  it  is  very  tena-  grows  moist.  It  cannot  be  doubted,  however, 
dous  of  a  certain  portion  of  its  cariwnic  acid,  that  it  is  soluble  in  air ;  for  if  left  in  an  open 
It  consists  in  its  dry  state  of  4  soda  -^2,15  vessel,  it  gradually  diminishes  in  weight,  and 
acid  ==  6.75.  its  peculiar  smell  is  diffused  to  a  certain  dis- 
But  the  crystals  contain  10  prime  propor-  tance.  Heat  readily  sublimes,  but  does  not 
tions  of  water.     They  are  composed  of  22  decompose  it 

aoda  -f-  1^3  carbonic  acid  -}-  62.7  water  in         It  has  been  prepared  by  the  destructive  di»- 

100  parts,  or  of  1  prime  of  soda  ^4.1  of  tillationofanimalsubstances,  and  some  others, 

carb.  add  =:  2.75,  and  10  of  water  ss  1 1.25,  in  large  iron  pots,  with  a  fire  increased  by  de- 

in  whole  18.  grees  to  a  strong  red  heat;  the  aqueous  liquor 

•    Bi-carbonate  of  soda  may  be  prepared  by  that  first  comes  over  bdng  removed,  that  the 

saturating  the  solution  of  the  preceding  salt  salt  might  not  be  dissolved  in  it     Thus  we 

with  carbonic  add  gas,  and  then  evaporating  had  the  salt  ofhartthom.     Here,  however,  it 

with  a  very  gentle  heat  to  dryness,  when  a  was  much  contaminated  by  a  fetid  animal  ml, 

white  irregular  saline  mass  is  obtained.     The  ftom  which  it  required  to  be  subsequently 

salt  is  not  crystallixable.     Its  constituents  are  purified,   and  is  much  better  fabricated  by 

4  soda  -|-  ^'^  <^i"^  *<^^^  "f"  1*  125  water  ^  mixing  one  part  of  muriate  of  ammonia  and 

10.625 ;  or  in  100  parts,  37.4  soda  -|-  52  add  two  of  carbonate  of  lime,  both  as  dry  as  poa^ 

-}-  10.6  water.    The  intermediate  native  com-  sible,  and  subliming  in  an  earthen  retort 
pound,  the  African  trona,  consists,  according         Sir  H.  Davy  has  shewn  that  its  component 

to  Mr  R.  Phillips,  of  3  primes  carix>nic  add  parts  vary,  according  to  the  manner  of  prB» 

-}-  2  soda  -|-  4  water;  or  in  100  parts,  38  paringit    The  lower  the  temperature  at  which 

aoda  4-  40  add  -f-  22  water.     See  the  artide  it  is  formed,  the  greater  the  proportion  of  add 

Carbonate.  and  water.     Hius,  if  formed  at  the  tempera- 

Carbonate  of  magnesia,  in  a  state  of  imper-  ture  of  300°,  it  contains  more  than  fif^  per 

feet  saturation  with  the  add,  has  been  used  cent  of  alkali ;  ifat  60°,  not  more  than  twenty 

in  medidne  for  some  time  under  the  simple  per  cent 

name  of  magnesia.     It  is  prepared  by  pre-         There  are  ind^  two  or  three  definite  com- 

dpitation  from  the  sulphate  of  magnesia  by  pounds  of  caibonic  add  and  ammonia.     The 

means  of  carbonate  of  potash.     Two  parts  oif  1st  is  the  solid  subcarbonate  of  the  shops.    It 

sulphate  of  magnesia  and  one  of  carbonate  of  consists  of  55  carbonic  acid,  30  ammonia,  and 

potash,  each  dissolved  in  its  own  wdght  of  15  water;  or  probably  of  3  primes  caibonie 

boiling  water,  are  filtered  and  mixed  together  add,  2  ammonia,  and  2  water;  in  all  14.75 

hot:  the  sulphate  of  potash  is  separated  by  for  its  equivalent     2d,  M.  Gay  Lilssac  has 

copious  washing  with  water ;  and  the  carbon-  shewn,  that  when  100  volumes  of  ammoniacal 

ate  of  magnesia  is  then  left  to  drain,  and  afler-  gas  are  mixed  with  50  of  carbonic  add,  the 

wards  spread  thin  on  paper,  and  carried  to  the  two  gases  predpitate  in  a  solid  salt,  which 

drying  stove.     When  once  dried  it  will  be  in  must  consist  by  wdght  of  56}  add  -^  43^ 

friable  white  cakes,  or  a  fine  powder.  '  alkali,  bdng  in  the  ratio  of  a  prime  equivalent 

Another  mode  of  preparing  it  in  the  great,  of  each.     3d,  When  the  pungent  subcarbo- 

will  be  found  under  the  article  Maon£SIA.  nate  is  exposed  in  powder  to  the  air,  it  be- 

The  pulverulent  cart)onate  of  magnesia  of  comes  scentless  1^  the  evaporation  of  a  definite 

the  apothecary  has  a  somewhat  uncertain  com-  portion  of  its  ammonia.     It  is  then  a  com- 

position  as  to  the  proportion  of  add,  earth,  pound  of  about  55  or  56  carbonic  add,  21.5 

and  water.     But  there  exists  in  nature  a  car-  ammonia,  and  22.5  water.     It  may  be  repre- 

bonated  magnesia  in  the  true  equivalent  pro-  sented  by  2  primes  of  add,  1  of  ammonia,  and 

portions  of  2.75  add  to  2.5  base.    See  Mao-  2  of  water,  ss  9.875.     Another  compound, 

NEsm  and  Dolomite.  it  has  been  supposed,  may  be  prepared  by 

Carbonate  of  ammoma,  when  very  pure,  is  passing  carbonic  add  through  a  solution  <Mf 

in  a  crystalline  form,  but  seldom  very  regular,  the  subcarbonate  till  it  be  saturated.     This, 

Its  crystals  are  so  small,  that  it  is  difficult  to  however,  may  be  supposed  to  yield  the  same 

determine  thdr  figure.     The  crystals  com-  product  as  the  last  salt     M.  Gay  Luaaac  in. 
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fen  the  m-utnl  c&rbonate  to  consist  of  equal  ACID  (CHLORIC).     Afler  AaD  (MiP- 

▼olumes  of  the  two  gases,  though  they  will  not  ftiATic). 

directly  combine  in  these  proportionft.     This  ACID   (CHLORIODIC).       See    Aqd 

would  g^Te  1&  I  to  46.5 ;  the  Tery  proportions  (  Hysriodic). 

in  the  scendess  salt.     For  46.5:  lai : :  55:  ACID  (CHLOROCARBONIC).     See 

21.48L  Chlorinb,  and  Chlobocarbonoos  Acm. 

The  lint  is  well  known  as  a  stimulant  ACID  (CHLOROCYANIC).     See  in 

usually  put  into  smelling-hottles,  frequently  the  sequel  of  Acid  (Hydbocyanic). 

with  the  addition  of  some  odoriferous  oil.  ACID  (CHOLESTERIC).     When  we 

Carbtmate  afglueifta  has  been  examined  by  treat  with  nitric  acid  the  fat  matter  of  the 
Yauquelin,  and  is,  among  the  salts  of  that  human  biliary  calculi,  which  M.  Chevreul 
earth,  that  of  which  he  has  most  accurately  proposed  to  call  Cholesterine,  there  is  formed, 
ascertained  the  properties.  It  is  in  a  white,  according  to  MM.  Pelletier  and  Caventou,  a 
dull,  clotty  powder,  never  dry,  but  greasy,  peculiar  acid,  which  they  call  the  Cholesteric 
and  soft  to  the  feel.  It  is  not  sweet  like  the  '  To  obtain  it,  they  cause  the  cholesterine  to  be 
other  salts  of  glucina,  but  insipid.  It  is  very  heated  with  its  weight  of  concentrated  nitric 
light,  insoluble  in  water,  perfectly  unalterable  acid,  by  which  it  is  speedily  attacked  and  dis- 
hy the  air,  but  very  readily  decomposed  by  fire,  solved.    There  is  disengaged  at  the  same  time 

Vauquelin  has  found,  that  carbonate  of  much  oxide  of  azote ;  and  the  liquor,  on  cool- 
sirconia  may  be  formed  by  evaporating  mu-  ing,  and  especially  on  the  addition  of  water, 
liate  of  Btrconia,  redissolving  it  in  water,  and  lets  fall  a  yellow  matter,  which  is  the  choles- 
predpitating  by  the  alkaline  carbonate.  He  teric  acid  impure,  or  impregnated  with  nitric 
also  addsy  that  it  very  readily  combines  so  as  acid.  It  may  be  purified  by  repeated  wash- 
to  form  a,  triple  salt  with  either  of  the  three  ings  in  boiling  water.  However,  after  bav- 
alkaline  carbonates.     See  Salt.  ing  washed  it,  it  is  better  to  effect  its  fusion 

ACID  (CASEIC).     The  name  given  by  in  the  midst  of  hot  water ;  to  add  to  it  a  small 

IVoust  to  an  acid  found  in  cheeses,  to  which  quantity  of  carbonate  of  lead ;  to  let  the  whole 

he  ascribes  their  flavour.  boil  for  some  hours,  decanting  and  renewing 

M.   Braconnot  shows  that  the  properties  the  water  from  time  to  time ;  then  to  put  the 

assigned  to  caseic  acid  belong  to  various  sub-  remaining  dried  mass  in  contact  with  alcohol, 
stanrps,  none  of  which  has  any  title  to  be  *  and  to  evaporate  the  alcoholic  solution.     The 

considered  »  a  peculiar  acid.    The  substances  residuum  now  obtained  is  the  purest  possible 

present,  according  to  him,  are,— free  acetic  cholesteric  acid. 

add,  apo9q>edinef  animal  matter  soluble  in  This  Held  has  an  orange-yellow  colour  when 

water  and  insoluble  in  alcohol ;  animal  mat^  it  is  in  mass ;  but  it  appean  in  white  needles, 

ler  soluble  in  both ;  a  yellow  acrid  fluid  oil,  (whose  form  it  is  difficult  to  determine),  when 

*  a  brown  rcsiD,' acetate  and  muriate  of  potash,  we  dissolve  it  in  alcohol,   and  leave  it  to 

and  traces  of  acetate  of  ammonia.  spontaneous  evaporation.     Its  taste  is  very 

ACID  (CETIC).     The  name  given  by  feeble,   slightly  styptic,   and  resembles  that 

M.  Chevreul  to  a  supposed  peculiar  principle  of  butter.     Its  specific  gravity  is  interme- 

of  spermaceti,  which  he  has  lately  found  to  diate  between  that  of  alcohol  and  water.     It 

be  the  substance  he  has  called  Margarine  fuses  at  58^  C.  and  is  not  decomposed  till 

combined  with  a  fatty  matter.  the  temperature  be  rsised  much  above  that  of 

ACID  (CEVADIC).  By  the  action  of  boiling  water.  It  then  affords  oil,  water,  car- 
potash  on  the  fat  matter  of  the  cevadilla,*  there  bonic  acid,  and  carburetted  hydro^n,  but  no 
is  obtained,  in  the  same  way  as  the  delphinic,  trace  of  ammonia.  It  is  very  soluble  in  alco- 
the  cevadic  acid ;  only  as  this  is  solid,  it  must  hoi,  sulphuric  and  acetic  ether,  in  the  volatile 
be  separated  from  the  cevadate  of  baryta,  by  pils  of  lavender,  rosemary,  turpentine,  berga- 
hcating  this  in  a  retort  with  phosphoric  acid,  mot,  &c.  It  is,  on  tlie  other  hand,  insoluble 
MM.  Pelletier  and  Caventou  discovered  it.  in  the  fixed  oils  of  olives,  sweet  almonds,  and 
It  is  in  the  form  of  needles,  or  crystalline  castor  oil.  It  is  equally  so  in  tlie  vegetable 
concretiona,  of  a  fine  white  colour.  Its  odour  acids,  and  almost  entirely  insoluble  in  water, 
is  analogous  to  Aat  of  butyric  acid.  A  heat  which  takes  up  merely  enough  to  make  it 
of  W^  C  is  suflicient  to  melt  it  At  a  tern-  redden  litmus.  Both  in  the  cold  and  with 
perature  not  much  higher,  it  sublimes  in  crys-  heat,  nitric  add  dissolves  without  altering  it. 
talUne  needles.  It  is  soluble  in  water,  alco-  Concentrated  sulphuric  add  acting  on  it  for  a 
boi,  ether;  and  unites  to  the  buses,  forming  considerable  time,  only  carbonizes  it 
salts  of  little  smelL  Tlie  cevadate  of  am-  It  appean  tlutt  the  cholesteric  acid  is  capa^ 
DKHiia  gives  a  white  predpitate  with  the  salts  ble  of  uniting  with  the  greater  part  of  the 
of  peroxide  of  iron.— '^nn.  de  Cftim,  et  d«  saliflable  bases.  All  the  resulting  salts  are 
JHiytm  zlv.  coloured,   some  yellow,  otben  orange,  and 

pthen  red.    The  cholesterates  of  potash,  soda, 

•  Cevadills,  petite  oripe,  rhordeolum),  a  plant,  ac-  ammonia,  and  probably  of  morphia,  are  very 

SnXSTlf iSSSfSX'sSSSr  Wu^^  "'"W"  "^  deliquacent ;  JnK«t  .It  the  od«r. 

mer  called  CevadiUa  Aroericona,  wbicb  is  corrosive.  are  insoluble,  or  nearly  so.     Tliere  is  none  of 
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tfacm  which  cannot  be  dccompooed  by  ail  the  —A  hot  and  concentnled  solution  of  the  bi- 
minenl  adds,  except  the  carbonic,  and  by  the  chimnate  of  potash  is  to  be  decomposed  by 
greater  part  of  the  vegetable  acids;  so  that  on  fiuosilicic  acid;  the  liquid  is  to  be  filtered 
pouring  one  of  these  acids  into  a  solution  of  and  e?aponited  to  dryness ;  the  add  thus 
the  cholestetate,  the  cholesteric  add  is  in-  dried  is  to  be  dissolved  in  as  small  a  quantity 
standy  separated  in  flocks.  The  soluble  cho-  of  water  as  possible^  and  the  clear  fluid  de- 
lesterates  form  precipitates  in  all  the  metallic  canted  from  the  deposit  of  fluosilicate  of  pot- 
solutions,  whose  base  has  the  property  of  Mh  which  has  passed  the  filter.  The  separa- 
flmning  an  insoluble  or  slightly  soluble  salt  tion  of  this  portion  must  not  be  made  by  a 
with  cholesteric  acid.  filter,  for  in  this  state  the  chromic  acid  at- 

MM.  Pelletier  and  CaTentou  found  the  cbfr-  tacks  the  paper,  and  is  itself  converted  into 

lesfeerate  of  baryta  to  consist  of  100  of  add,  oxide  of  chrome. 

and  56. 259  base ;  whence  the  prime  equivalent  To  prepare  the  fluosilidc  add  in  suffidenk 
of  the  former  appears  to  be  about  17.35.  Yet  quantity,  M.  Maus  uses  a  very  laige  retort 
they  observed,  on  the  other  hand,  that  on  with  a  long  neck.  He  puts  into  it  the  mix- 
treating  the  cholesterete  of  lead  with  sulphuric  ture  of  fluor-spar  and  glass,  and  adds  sulphu- 
add,  they  obtained  as  much  sulphate  of  lead  ric  add  to  about  three  times  the  amount  of 
as  of  chdesterate.  From  this  experiment,  the  the  fluor-epar  in  wdgfat,  and  mixes  the  whole 
equivalent  of  the  dry  acid  would  seem  to  be  well.  A  large  globe  with  a  long  neck  is  then 
5 :  hence  we  may  imagine^  that  when  the  provided,  and  a  suffident  quantity  of  water 
cholesteric  add  unites  to  the  oxide  of  lead,  put  into  it ;  the  neck  of  the  retort  is  intro- 
and  in  general  to  all  the  oxides  which  have  a  duced,  the  globe  shaken  to  moisten  the  inte- 
slight  lenity  for  oxygen,  there  takes  place  rior  with  water,  and  the  fluosilidc  gas  evohr- 
something  similar  to  what  happens  in  the  re«  ed  by  the  application  ot  heat  When  it 
action  of  oxide  of  lead  and  oxalic  add.  Jottrn,  arrives  in  the  globe  it  condenses  in  the  water, 
de  Pharm.  iiL  292,  and  as  soon  as  the  quantity  of  silica  produced 

ACID  (CHROMIC).  Tins  add  was  at  retards  the  contact  of  the  gas  and  water,  the 
first  extracted  from  the  red  lead  ore  of  Siberia,  globe  is  again  shaken  and  the  operation  con- 
by  treating  this  ore  with  carbonate  of  potash,  tinned.  In  this  way  no  gas  escapes,  and  the 
And  separating  the  alkali  by  means  of  a  more  water  soon  becomes  saturated  with  the  add ; 
powerful  add.  In  this  state  it  is  impure,  *  the  silica  is  easily  separable, 
forming  a  red  or  orange-coloured  powder,  of  a  Chromic  add  is  soluble  in  water,  and  crya* 
peculiar  rough  metallic  taste.  If  this  powder  tallises,  by  cooling  and  evaporation,  in  long- 
be  exposed  to  the  action  of  light  and  heat,  it  iah  prisms  of  a  ruby  red.  Its  taste  n  acrid 
kses  its  acidity,  and  is  converted  into  green  and  styptic.  Its  spedfic  grarity  is  not  ex- 
oxide  of  chrome^  giving  out  pure  oxygen  gas.  actly  known ;  but  it  always  exceeds  that  of 

To  obtain  pure  chromic  add,  we  must  <&tii  water.     It  powerfully  reddens  the  tincture  of 

fluor>spar,  cbroroate  of  lead  (the  ydlow  pig-  turnsole. 

ment),  and  sulphuric  add  (anhydrous  ?)  in  a  Its  action  on  combustible  substances  is  Kttle 

leaden  retort,  when  a  gaseous  mixture  of  known.     If  it  be  strongly  heated  with  chor- 

diromic  and  fluoric  adds  is  evolved,  that  is  coal,  it  gnjfws  black,  and  passes  to  the  metallic 

readily  absortMble  by  water.    This  mixed  gas  state  without  melting, 

affords  a  thick  orange  smoke,  and  on  coming  Of  the  adds,  the  action  of  the  muriatic  on 

in  contact  with  air,  deposits  small  red  crystals  it  is  the  most  remarkable.    If  this  be  distilled 

of  chromic  add.    Ammoniacal  gas  introduced  with  the  chromic  add,  by  a  gentle  heat,  it  ia 

into  this  gas,  contained  in  glass  jan  lined  with  readily  converted  into  chlorine.     It  likewise 

resin,  bums  with  explosion.    Crystals  of  chro-  imparts  to  it  by  mixture  the  property  of  dis- 

mic  add  are  also  decomposed  in  ammoniacal  solring  gold ;  in  which  the  chromic  resembles 

gas  with  a  flash  of  light,  and  become  protoxide  the  nitric  acid.     This  is  owing  to  the  weak 

of  chromium.      Water,  by  absorbing  this  adhesion  of  its  oxygen,  and  it  is  the  only  one 

mixed  gas,  acquires  an  orange  tint ;  from  of  the  metallic  adds  that  possesses  this  pro- 

whicfa,  bj  evaporation,  pure  chromic  add  is  perty. 

obtained,  the  fluoric  being  volatilised.    If  the  The  extraction  of  chromic  add  from  chrome 

gas  be  recdved  in  a  deep  and  moistened  pla-  ore  is  also  performed  by  igniting  it  with  its  own 

tinum  vessel,  it  descends,  saturates  the  water,  wdght  of  nitre  in  a  crucible.     The  residue  ia 

and  is  then  entirely  absori>ed  by  the  fluoric  lixiviated  with  water,  which  bdng  then  filtered 

acid,  which  is  at  length  dissipated,  the  vessel  contains  the  chromate  of  potash.    On  pouriqg 

becoming  filled  with  a  red  snow,  consisting  of  into  this  a  little  nitric  add  and  muriate  of 

chromic  acid.     This  crystalline  matter,  when  baryta,  an  instantaneous  predpitate  of  the 

heated  to  redness  in  a  platinum  dish,  fuses,  chromate  of  baryta  takes  place.   AAer  having 

explodes  with  a  flash,  and  resolves  itself  into  procured  a  certain  quantity  of  this  salt,  it 

protoxide  and  oxygen.    The  crystals  obtained  must  be  put  in  its  moist  state  into  a  capsule, 

from  the  water  do  not  present  this  pheno-  and  dissolved  in  the  smallest  possible  quantity 

menon.  of  weak  nitric  acid.      The  baryta  is  to  be 

M.  Maus  prepares  chromic  add  as  folloiifs :  th<?n   precipitated   by   very  dilute  sulphuric 
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aadf  ttkiag  care  not  to  add  an  excess  of  it. 
When  the  liquid  is  found  bj  trial  to  contain 
DCttbcr  fulphuric  add  nor  baryta,  it  must  be 
filtered.  It  now  consists  of  water,  with  nitric 
and  chromic  adds.  The  whole  is  to  be  eva» 
porated  to  dryness^  conducting  the  heat  at  the 
end  so  aa  not  to  endanger  the  decompoution 
at  the  chromic  acid,  whTch  will  remain  in  the 
capsule  under  the  form  of  a  reddish  matter. 
It  roust  be  kept  in  a  glass  phial  well  corked. 
Chromic  add,  heated  with  a  powerful  add, 
becomes  chromic  oxide;  while  the  latter, 
heated  with  the  hydrate  of  an  alkali,  becomes 
cfaramic  add.  As  the  solution  of  the  oxide 
is  green,  and  that  of  the  add  yellow,  these 
traBsmutations  become  Tery  remarkable  to  the 
eye.  From  Berselius's  experiments  on  the 
combinations  of  the  chromic  add  with  baryta, 
and  oxide  of  lead.  Us  prime  equivalent  seems 
to  be  6.5 ;  consisting  of  3,5  chromium,  and 
3.0  oxygen.     See  Chromium. 

It  readily  unites  with  alkalis,  and  is  the 
only  add  that  has  the  tproperty  of  colouring 
iti  salts,  whence  the  name  chromic  has  been 
given  it. 

Cbromate  of  potash  is  obtained  from  the 
ferriferous  chrome  ore,  by  igniting  it  with 
nitres  as  described  above.  By  careful  eva- 
poration it  may  be  obtained  in  crystals,  tlie 
usual  form  of  which  is  four-sided  prisms  ter- 
minated 1^  dihedral  sunnnits,  or  oblique  four- 
|ided  prisms,  terminated  by  four-sided  pyra- 
mids. Their  colour  is  bright  yellow,  llidr 
taste  is  cooling  and  disagreeable.  Water  at 
60^  dissolves  about  half  ito  wdgbt  of  this  salt, 
and  boiHng  water  much  more.  It  is  insoluble 
in  akoboL  Its  spedfic  gravity  is  2.6.  Heat 
causes  the  ssli  to  assume  a  transient  red  tint, 
wfaidi  passes  into  yellow  on  cooling.  It  con« 
tains  no  water  of  crystallization.  1  ts  constitu- 
ents are  chromic  add^6.d,  potash  6,  =s  12.5. 
To  test  cbromate  of  potash,  add  a  large  ex- 
cels of  tartaric  add,  which  decomposes  the 
chromic  add,  and  gives  the  whole  the  ame- 
thystine hue  of  tartrate  of  chromium.  If 
the  cbromate  has  been  pure^  this  liquid  will 
afford  no  predpitate  with  the  nitrates  of  ba- 
ryta or  silver ;  whence  the  absence  of  muri- 
ste  or  sulphate  of  potash  may  be  readily  as- 
cotained.  Nitre  may  be  detected  by  the 
fomes  of  nitric  add  disengaged  by  pouring  a 
little  sulphuric  add  on  the  nit. 

Bi-diromate  of  potash  is  easily  formed,  by 
adding  to  a  saturated  solution  o^  the  yellow 
dvomate  some  dilute  nitric  add.  On  heat- 
ing the  mixture,  the  orange  precipitate,  which 
ensues  on  the  addition  of  the  nitric  add,  is 
dissolved,  and,  by  slow  cooling,  fine  crystals 
of  bi-cfaromate  may  be  obtained,  llidr  form 
is  that  of  square  tables  with  bevelled  edges,  or 
flat  four-sided  prisms.  Tbey  are  permanent 
in  the  air.  Their  taste  is  metallic  and  bitter. 
Water  at  60°  dissolves  about  one>tcnth  of 
this  salt ;  but  boiling  water  dissolves  nearly 
half  its  weight.     It  is  not  soluble  in  alcohol. 


Its  sp.  gr.  is  1.96.     It  is  anhydrous.     It. 
consists  of  chromic  add  13,  potash  6,  s=  19. 

Cbromate  of  baryta  is  very  little  soluble 

Mr  Henry  Stokes  has  described  three  new 
double  chromates,  obtained  by  adding  cbro- 
mate of  potash  to  sulphate  of  sine,  and  slso  to 
sulphate  of  nickel,  and  to  sulphate  of  copper. 
They  all  contain  very  little  chromic  add,  are 
pretty  soluble  in  water,  crystallise  in  tsbles, 
and  undergo  no  cliange  in  the  atmosphere. 
In  100  parts  of  the  sine  salt,  there  are  only 
one-third  of  a  part  of  chromic  acid,  and  not 
two  parts  in  100  of  the  nickel  salt 

When  chromic  add  is  melted  with  borax,  or 
its  glass,  or  add  of  phosphorus,  it  communi- 
oates  to  it  a  beautiful  emerald-green  colour. 

If  paper  be  impregnated  with  it,  and  ex- 
posed to  the  sun  a  few  days,  it  acquires  a 
green  colour,  which  remains  permanent  in  the 
dark. 

ACID  (CHROMO-SULPHURIC).— 
When  cbromate  of  baryta  is  treated  with  di- 
lute sulphuric  add  in  excess,  the  liquid,  on 
being  filtered  and  evaporated,  lets  fall  little 
quadrangular  prisms  of  a  deep  red  colour. 
These  crystals,  which  may  also  be  obtained 
by  mingling  chromic  and  sulphuric  adds  in 
a  proper  state  of  concentration,  are  obrioua- 
ly  a  compound  of  the  two  adds  in  atomic 
proportions,  stated  by  M.  Gay  Lussac  at 
130a64  chromic  add,  and  501.16  sulphuric. 
By  our  numbers,  there  are  thus  two  atoms 
of  the  chromic  to  one  of  the  sulphuric  acid. 
This  compound  acid  is  deliquescent.  When 
the  alcoholic  solution  is  highly  concentrated 
it  explodes,  while  the  chromic  add  is  con* 
veited  into  the  green  oxide  of  chrome,  with 
the  simultaneous  production  of  a  little  suU 
phuric  ether  and  sweet  oil  of  wine. 

ACID  (CHYAZIC).  See  AoBs  (Hy* 
DBOCYANicand  Fbbrocyanic). 

ACID  (CITRIC).  To  procure  thisadd, 
boiling  lemon-juice  is  to  be  saturated  with 
powdered  chalk,  the  weight  of  which  is  to  be 
noted ;  and  the  powder  must  be  stirred  up 
from  the  bottom,  or  the  vessel  shaken  from 
lime  to  time.  The  neutral  saline  compound 
falls  to  the  bottom,  while  the  mudlage  re^ 
mains  suspended  in  the  watery  fluid,  which 
must  be  decanted  off;  the  remaining  preript* 
tate  must  then  be  washed  with  warm  water 
undl  it  comes  off  clear.  To  the  powder  thus 
edulcorated,  a  quandty  of  sulphuric  add^ 
equal  the  chalk  in  wdgbt,  and  diluted  with 
ten  parts  of  water,  must  be  added,  and  the 
mixture  boiled  a  few  minutes.  The  sulphu- 
ric add  combines  with  the  earth,  and  forms 
sulphate  of  lime,  which  is  left  when  the 
cold  liquor  is  filtered,  while  the  disengaged 
add  of  lemons  remains  dissolved  in  the  fluid. 
This  last  must  be  evaporated  to  the  consist* 
ence  of  a  thin  syrup,  which  yields  the  pure 
dtric  acid  in  little  needle-like  crystals.  It  is 
necessary  that  the  sulphuric  add  should  be 
rather  in  excess,  because  the  presence  of  a 
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small  qaantity  of  lime  will  prevent  the  crys- 
tallization. 

To  have  it  perfectly  pure,  it  mutt  be  re- 
peatedly crystallised ;  and  thus  it  forms  very 
large  and  accurately  defined  crystals  in  rhom- 
boidal  prisms,  the  sides  of  Mrhich  are  inclined 
in  angles  of  60^  and  120^,  terminated  at  each 
end  by  tetraedral  summitSi  which  intercept  the 
solid  angles. 

.  Its  taste  is  extremely  sharp,  so  as  to  appear 
cauitic.  It  is  among  the  Tegetable  adds  the 
one  which  most  powerfully  resists  decompo- 
sition by  fire. 

In  a  dry  and  warm  air  it  seems  to  efflo- 
resce ;  but  it  absorbs  moisture  when  the  air 
is  damp,  and  at  length  loses  its  crystalline 
Ibm.  A  hundred  parts  of  this  add  are  so- 
luble in  seventy-five  of  water  at  60^,  accord- 
ing to  Vauquelin.  'Diough  it  is  less  alter- 
able than  most  other  solutions  of  v^etable 
acids,  it  will  undergo  decomposition  when 
long  kept 

The  crystals  of  dtric  acid,  according  to 
Berselius,  contain  79  per  cent  of  real  acid. 
The  rest  is  water.  The  same  chemist  found 
IVom  dtrate  of  lead  that  the  prime  equivalent 
of  the  crysuls  was  9.5,  while  that  of  the  real 
add  was  7.368;  and  its  constituents  were 
oxygen  54L831,  carbon  41.369,  hydrogen 
3.800.  My  own  experiments  on  citric  acid 
led  me  to  conclude  that  its  prime  equivalent 
in  the  crystalline  state  was  8.375 ;  and  that  it 
consisted  of  oxygen  59.7,  carbon  35.8,  and 
hydrogen  4.5>  Two  atoms  of  oxygen  and 
two  of  hydrogen  separate  when  citric  acid  is 
combined  with  oxide  of  lead  in  what  is  called 
the  dry  citrate  of  this  metal.  The  prime 
equivalent  of  the  acid  in  this  state  becomes 
6.125.  Dr  Prout  finds  the  crystals  of  dtric 
add  to  consist  of  carbon  34^28,  water  42.85, 
and  oxygen  22.87.  Vauquelin  found  that 
36  parts  of  crystallized  dtric  add  took  for 
saturation  6 1  of  bi-carbonate  of  potash.  Hence 
the  prime  equivalent  of  such  acid  is  7.45 ; 
between  which,  and  the  number  given  by  Ber- 
selius, mine  is  nearly  the  mean.  Dr  Prout*s 
analysis  accords  closely  with  mine ;  his  total 
oxygen  being  60.95,  and  his  hydrogen  4.77. 

If  a  solution  of  baryta  be  added  gradually 
to  a  solution  of  dtric  add,  a  flocculent  preci- 
pitate is  formed,  soluble  by  agitation,  till  the 
whole  of  the  acid  is  saturated.  This  salt  at 
fknt  foils  down  in  powder,  and  then  collects 
in  silky  tufts,  and  a  kind  of  very  beautiful 
and  shining  silvery  bushes.  It  requires  a 
large  quantity  of  water  to  dissolve  it 

The  citrate  of  lime  has  been  mentioned 
already,  in  treating  of  the  mode  of  purifying 
the  add. 

.  The  dtrate  of  potash  is  very  soluble  and 
deliquescent 

The  dtrate  of  soda  has  a  dull  saline  taste ; 
dissolves  in  less  than  twice  its  wdght  of 
water;  crystallizes  in  six-sided  prisms  with 
flat  summits;  effloresces  slightly,  but  does  not 


fiUl  to  powder;  boils  up,  swells,  and  is  re- 
duced to  a  coal  on  the  fire. 

Citrate  of  ammonia  is  very  soluble;  doe« 
not  cr]rstallize  unless  its  solution  be  greatlj 
ooncentrated ;  and  forms  dongated  prisms. 

Citrate  of  magnesia  does  not  ciy^llizei 

Hie  dtric  add  is  found  in  many  fruits 
united  with  the  nwlic  add;  which  see,  ttM 
'the  process  of  separating  them  in  this  case. 

Citric  add  bdng  more  costly  than  tartaric, 
nnay  be  occasionally  adulterated  with  it  This 
fraud  is  diacoTered,  by  adding  slowly  to  the 
add  dissolved  in  water  a  solution  of  carbonate 
of  potash,  which  will  give  a  white  pulverulem 
predpitate  of  tartar,  if  the  dtric  be  contami- 
nated with  the  tartaric  add.  When  one  pmri 
of  dtric  add  is  dissolved  in  19  of  water,  the 
solution  may  be  used  as  a  substitute  for  lemon- 
juice.  If  before  solution  the  crystals  be  tri- 
turated with  a  little  sugar  and  a  few  drops  ol 
the  oil  of  lemons,  the  resemblance  to  the  na- 
tive juice  will  be  complete.  It  is  an  antidote 
against  sea  scurvy;  'but  the  admixture  ol 
mucilage  and  other  v^etable  matter  in  tl^ 
recent  fruit  of  the  lemon,  has  been  supposed 
to  render  it  preferable  to  the  pure  add  of  the 
chemist     See  Salt. 

ACID  (COLUMBIC).   The  experiments 
of  Mr  Hatchett  have  proved,  that  a  peculiar 
mineral  from  Massachusetts,  deposited  in  tbe 
British  Museum,  consisted  of  one  part  of 
oxide  of  iron,  and  somewhat  more  than  three 
parts  of  a  white-coloured  substance,  possessing 
the  properties  of  an  add.     Its  basis  was  me- 
tallic.    Hence  he  named  this  ColumbiunHy 
and  the  add  the  Columbic.     Dr  WoUaston, 
by  very  exact  analytical  comparisons,  prove<^ 
that  the  acid  of  Mr  Hatchett  was  the  oxide 
of  the  metal  latdy  discovered  in  Sweden,  b7 
Mr  Ekeberg,  in  the  mineral  yttrotantalite^ 
and  thence  called  tantalum.     Dr  WoUaston** 
method  of  separating  the  add  from  the  mU 
neral  is  peculiarly  el^^t     One  part  of  tan^ 
talite,  five  parts  of  carbonate  of  potash,  and 
two  parts  of  borax,  are  fused  together  in  * 
platina  crudble.     The  mass,  afler  bdng  sof- 
tened in  water,  is  acted  on  by  muriatic  addk 
The  iron  and  manganese  dissolve,  while  thi 
columbic  add  remains  at  the  bottom.     It  il 
in  the  form  of  a  white  powder,  which  is  in* 
soluble  in  nitric  and  sulphuric  acids,  but 
tialiy  in  muriatic.     It  forms  with  baryta 
insoluble  salt,  of  which  the  proportions,  ad^ 
cording  to  Berzelius,  are  24.4  add,  and  9.7d 
baryta.     By  oxidizing  a  portion  of  the  rw 
vived  tantalum  or  columbium,  Berxelius  com 
dudes  the  composition  of  the  add  to  be  101 
metal  and  5.485  oxygen. 

ACID(CROCONIC).    When  potassiui 
is  prepared  from  calcined  tartar  by  Brunm 
method,  a  gas  is  evolved  which  deposits 
greyish-brown  substance  on  cold  bodies, 
substance,  with  a  little  water,  is  separated  itiN 
to  two  parts ;   one  very  soluble,  yidding  I 
brownish-yellow  liquid,  which,  spontaneoualf 
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conccpUated,  farniaba  an  acicular  orangfr-  a  reoeiTer  of  the  aame  metal,  sunoutided  by 
coloured  salt  This  salt,  purified  by  repeated  ice.  On  .applying  a  moderate  beat  to  the 
cv3rstallixation,  has  been  called  by  M.  Gmelin  alembic,  the  fluoric  add  will  rise  in  ▼apours, 
erocono/c  of  potash,  because  it  contains  a  yel-  which  will  condense  in  the  receiver  into  an 
lovr  add*  which  yidds  many  combinations  of  intensely  active  liquid,  first  procured  by  M. 
tbe  saoie  eolourn  Gay  Lussac^  and  since  examined  by  Sir  H. 

CroconaU  tf  poiash  is  neutral,  inodorous,  Davy. 
liBving  a  weak  taste  like  that  of  nitre.  Its  It  has  the  appearance  of  sulphuric  add, 
primitive  form  is  a  ibombdd  of  106^  and  but  is  much  more  Tolatfle,  and  sends  off 
74i^.  Croconie  add  is  obtained  bj  treating  white  fumes  when  exposed  to  air.  Its  spe- 
tfiis  aalt  with  absolute  alcohol,  to  which  a  dfic  gravity  is  only  1.0609.  It  must  be  ex- 
little  sulphuric  add  has  been  added;  sulphate  amined  with  great  caution,  for  when  applied 
oT  pota^  is  fmxaed,  and  the  CROOONic  ACQ)  to  the  skin  it  instantly  disorganizes  it,  and 
is  dissolved.  It  crystallises  in  grains  or  nee-  produces  very  painfnl  wounds.  When  pot- 
dlcs  ;  is  transparent,  of  a  fine  yellow  colour,  assium  is  introduced  into  it,  it  acts  with  in- 
inodoious,  of  a  rough  add  taste,  and  reddens  tense  energy,  and  produces  hydrogen  gas  and 
litmua.  M.  Gmelm  thinks  that  this  add  is  a  neutral  salt :  when  lime  is  made  to  act 
m,  hjrdradd  like  the  prussic  Hydrocroconic  upon  it,  there  is  a  violent  heat  exdted,  water 
acid  <x>nsi8ts  of  carbon  23,23,  hydrogen  0.77,  is  formed,  and  the  same  substance  as  fluor- 
oxygen  24w81,  water  13.98,  which  in  the  salt  spar  is  produced.  tVith  water,  in  a  certain 
of  potash  are  united  with  37.21  of  that  al-  proportion,  its  density  increases  to  L25. 
kalL  When  it  is  dropped  into  ^ate^,  a  hissing 

ACID  (CYANIC).    See  in  the  sequel  of    noise  is  produced  with  much  heat,  and  an 
Acm  (HYDfiOCYANic).  add  tfuid,  not  disagreeable  to  the  taste.  Is 

ACID  (DELPHINIC).  Tbe  name  formed,  if  the  water  be  in  sufiSdent  quantity. 
^▼en  by  M.  Chevreul  to  a  substance  which  It  instantly  corrodes  and  dissohes  glass. 
he  has  extracted  fVom  the  oQ  of  the  dolphin.  In  ordo*  to  insure  tbe  absolute  purity  of 
It  resembles  a  volatile  oil ;  has  a  light  lemon  the  add,  tbe  first  portions  that  come  over 
colour,  and  a  strong  aromatic  odour,  analo-  may  be  set  apart,  as  possibly  containing  some 
l^ous  to  that  of  randd  butter.  Its  taste  is  silicated  fluoric  add,  if  any  silica  was  present 
pungent,  and  its  vapour  has  a  sweetened  taste     in  the  spar. 

of  eSier.  Its  density  at  14^  C.  is  0.941.  It  Considerable  difibrence  of  opnion  prevails 
is  slightly  soluble  in  water,  and  veiy  soluble  concerning  the  prime  equivalent  of  this  add, 
in  akohoL  Tlie  latter  solution  strongly  red-  as  it  exists  in  its  dry  combinations.  Sir  H. 
dens  litmus.  100  parts  of  delphinic  add  Davy  states,  that  100  fluor-spar  yield  175.2 
neotraliae  a  quantity  of  base  which  contains  sulphate  of  lime ;  whence  we  deduce  the 
9  of  oxygen,  whence  its  prime  equivalent  primeeqUivalentof  fluoric  acid  to  be  }»35,io 
t  mppesn tobe  WAl.'^^^nnalet de  Chim.  et  de  lime  3^5,  and  oxygen  l.OO.  Benelius,  in 
^ky*,  viL  bis  last  series  of  experiments,  gives  from 

ACID  (ELLAGIC).    Tbe  deposit  which     fluate  of  lime  1.357,  for  the  equivalent  of 
forms  in  Infusion  of  nut-galls  left  to  itself,  is     fluoric  add. 

not  composed  soldy  of  gallic  add  and  a  mat-  Of  all  the  tf  uatcs  whid)  he  analyzed,  that 
ter  which  colours  it ;  it  contain^  besides,  a  of  lime  was  the  only  one  which  he  succeeded 
i  little  gallate  and  sulphate  of  lime,  and  a  new  in  fredng  perfectly  Irom  the  last  portions  of 
t  add,  which  was  pointed  out  for  the  first  time  silica;  and  hence  he  regards  the  above  re- 
f.  by  M.  Chevreul  in  1815— an  add  on  which  suit  as  quite  satisfactory.  In  three  experi- 
i  M.  Braconnot  made  observations  in  1818,  ments,  in  which  he  saturated  carbonate  of 
K  and  which  he  proposed  to  call  add  ellagic,  lime  with  pure  fluoric  add,  evaporated  to 
is  liom  the  word  galle  reversed.  Probably  this  dryness  and  ignited,  be  obtained  from  100 
V  add  does  not  exist  ready  formed  in  nut>galls.  parts  of  such  fluate,  on  decomposing  it  by 
It  is  insoluble;  and,  carrying  down  with  it  sulphuric  add,  l74i.9,  I75»  and  175^12,  <^ 
19  the  greater  part  of  the  gallic  add,  forms  the  ignited  sulphate  of  lime«<— ^nno/lef  de  Chim» 
c.  yellowish  crystalline  deposit.  But  boilii^  ei  de  Pkyt,  1824.  This  accordance  between 
15  water  removes  the  gaHic  add  from  the  ella-  Sir  £[.  Davy's  result  with  the  native  fluate^ 
f.  gic ;  whence  the  means  of  separating-  them  and  that  of  Bersdius  ^th  the  artificial, 
i.      from  one  aDOthcr.^^nn.  de  Chim.  el  de  Phys.     seems  decisive. 

)0      ix.  181.  Berzeliu's  observes,  that  fluate  of  lime  can 

ACIDS  (FERROCYANIC  and  FER-  be  prepared  only  by  saturatmg  tbe  recently 
,  RURETTED  CHYAZIC).  See  in  the  predpitated  moist  carbonate  with  pure  fluoric 
^5      sequel  of  AcQ)  (Htdbocyanic).  add.     The  fluate  is  thus  obtained  as  grano* 

s  ACID  (FLUORIC).     Tbe  powder  of    lar  as  the  carbonate,  and  may  be  washed; 

is  ciystallixed  fluor-apar  is  to  be  put  into  a  silver  whereas,  if  prepared  by  double  decomposi- 
n.  I  or  leaden  alembic,  and  its  own  wdght  of  sul-  lion,  we  obtain  a  jelly  which  dois  not  change 
a  pburic  add  poured  over  it  Adi4>t  to  the  even  by  eva^ration,  and  whidi  cannot  be 
ly  I    alembic  a  silver  or  leaden  tube  terminating  in     washed* 
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Dr  HMmiMm,  in  Us  dabonte  work  on  the  liquid  fluoric  add.  **  In  this  case,  gas 
the  fint  principles  of  Chemistry,  assigns  1.25  appeared  to  be  produced  from  bodi  tbe  ne- 
as  the  prime  equivalent  of  fluoric  add.  He  gattre  and  positive  surftces;  but  it  was  pro- 
deduced  this  number  from  the  quantity  of  bably  only  the  undecompounded  acid,  reo- 
chloride  of  calcium,  and  of  chloride  of  b»-  dered  gaseous,  which  was  evdved  at  tbe  posi- 
'rium,  to  which  a  certain  weight  of  fluate  of  tive  surface ;  for  during  tbe  operation  the 
soda  was  found  to  be  equivaleot  in  the  way  fluid  became  very  hot,  and  speedily  diminisb- 
of  double  decomposition.  But  his  fluate  of  ed."-— «  In  the  course  of  these  investigationa 
soda  was  prepared  in  a  very  questionable  I  made  sereral  attempts  to  detadi  hydrogen 
manner  ;--by  adding  carbonate  of  soda  in  from  tbe  liquid  fluoric  add,  by  tbe  agency  of 
small  quantities  to  a  solution  of  carix>nate  of  oxygen  and  chlorine.  It  was  not  decomposed 
ammonia,  previously  saturated  with  sih'rated  when  passed  through  a  platina  tube  heated 
fluoric  gas ;  evaporating  the  whole  to  dry-  red-hot  with  chlorine^  nor  by  bdng  distillwi 
ness ;  redissolving  and  evaporating  till  the  from  salts  containing  abundance  of  oxygen* 
fluate  of  soda  crystallized  in  transparent  or  those  containing  abundance  of  chlorine.** 
crusts.  -  As  a  fiuosilicate  of  ammonia  exists,  The  marvellous  activity  of  fluoric  add  may 
possibly  some  of  this  may  have  been  formed,  be  inferred  from  the  following  temarks  oif 
of  which  some  silica  mi^t  remain  associated  Sir  H.  Davy^  from  which  also  may  be  esti- 
witb  hb  soda.  Nor  does  his  fluate  of  soda  mated  in  some  measure,  the  prodigious  diffi- 
correspond  in  character  to  the  description  of  -culty  attending  refined  investigations  on  this 
this  salt  directly  formed  by  Berzelius,  by  sa-  extnordinary  substance, 
turating  carbonate  of  soda  with  pure  fluoric  <*  I  undertook  the  experiment  of  dectris- 
add.  By  spontaneous  evaporation,  fluate  of  ing  pure  liquid  fluoric  add  with  considerable 
soda  is,  obtuned  in  transparent  cubes,  or  re-  interest,  as  it  seemed  to  offer  the  most  prob»- 
'gular  octahedrons;  by  heat,  in  groups  of  ble  method  of  ascertaining  its  real  nature; 
small  cubical  grains.  It  contains  no  water  but  considerable  difficulties  occurred  in  exe- 
of  crystallization,  and  is  more  difllcult  of  cuting  the  process.  The  liquid  fluoric  add 
funon  by  heat  than  glass.  At  the  tempera-  immediately  destroys  glass,  and  all  animal 
ture  of  60^  F.  100  parts  of  water  dissolve  and  vegetable  substances;  it  acts  on  all 
only  4fi.8  parts  of  it ;  and  at  the  bdliog  point  bodies  contdning  metallic  oxides ;  and  I 
only  4fi.3.  Dr  Thomson  says,  that  he  dis-  know  of  no  substances  which  are  not  rapidly 
solved  5,25  grains  of  his  sdt  (white  crusts,  dissolved  or  decomposed  by  it,  except  metals, 
freed  bv  ignition  from  thdr  water  of  cryttaU  charcoal^  phosphorus,  sulphur,  and  certain 
UstatUm^  in  a  lUiU  water.  From  the  mode  of  combinations  of  chlorine.  I  attempted  to 
preparing  his  primary  salt,  from  its  appear-  make  tubes  of  sulphur,  of  muriates  of  lead, 
ance,  and  from  the  defect  in  the  process  of  and  of  copper  containing  metallic  wires,  by 
double  decomposition  for  forming  pure  fluate  which  it  might  be  dectrtzed,  but  without  suc- 
of  lime^  Dr  Thomson's  atomic  number  seems  cess.  I  succeeded,  however,  in  boring  a  piece 
entitled  to  little  confidence.  of  horn  silver,  in  such  a  manner  that  I  was 

Fluoric  add  may  dther  be  regarded  as  a  able  to  cement  a  platina  wire  into  it  by  means 

compound  of  oxygen  with  an  unknown  base  of  a  spirit  lamp ;  and  by  inverting  this  in  a 

to  be  called  fluor;  or  of  hydrogen  with  an  tray  of  platina,  filled  with  liquid  fluoric  add, 

electro-negative  element  to  be  called  fluorine.  I  contrived  to  submit  the  fluid  to  the  agency 

If  fluor-spar  consist  of  lime  associated  vdth  of  dectridty  in  such  a  manner,  that,  in  suc- 

an  oxygen  add,  then  this  will  contdn  one  cessive  experiments,  it  was  possible  to  collect 

prime  proportion  of  oxygen  =s  1,  combined  any  elastic  fluid  that  might  be  produced, 

with  one  prime  of  fluor  =  0.357.     Were  Opersling  in  this  way  with  a  very  weak  voU 

this  latter  number  0.375,  to  which  it  ap-  taic  power,  and  keeping  the  apparatus  cool 

preaches,  it  would  equal  the  wdght  of  three  by  a  freezing  mixture,  I  ascertained  that  the 

atoms  of  hydrogen.      But  if  fluor-spar  be  platina  wire  at  tbe  positive  pole  ra^dly  cor* 

truly  a  fluoride  of  caldum,  then,  from  its  roded,  and  became  covered  with  a  chocolate 

prime  equivalent  4.857,  we  deduct  the  prime  powder ;  gaseous  matter  separated  at  the  ne- 

equivalent  of  caldum  2.5,  and  the  remainder  gative  pole,  which  I  could  never  obtain  in 

2.357  will  be  the  prime  of  fluorine,  a  number  suflSdentquantities  to  analyze  witii  accuracy, 

nearly  19  times  that  of  hydrogen.  but  it  inflamed  like  bydnq^en.     No  other  in- 

From  the  remarkable  property  possessed  by  flammable  matter  vras  produced  when  the 

fluoric  add  of  dissolving  silica,  it  bas  been  add  was  pure.**     M.  Kuhlmann  transmitted 

employed  for  etching  on  glass,  both  in  the  anhydrous  sulphuric  add  in  vapour,  over 

gaseous  state  and  combined  with  water.    The  ignited  fluor-spar  contdned  in  a  platinum 

glass  is  previously  coated  with  white  bees*  tube^  but  no  change  ensued.     Hie  add  was 

wax ;  on  which  the  figures  are  traced  with  a  recondensed  in  part  in  the  farthest  tube^  and 

sharp  point  no  trace  of  fluoric  add  vras  perceptible. 

With  the  view  of  separating  its  hydrogen,  But  when  a  little  water  was  added  to  the 

Sir  H.  Davy  applied  the  power  of  the  great  sulphuric  add,  the  fluoric  was  instantly  dis- 

▼oltdc  batteries  of  the  Royal  Institution  to  engaged  from  the  spar. 
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Hm  MDii^  cbcmiit  deedinpoaed  flvor^lpar 
by  tmMDBitting  dry  muriatic  add  gas  orer  it 
%iiited  in  a  tubch  Chloride  of  lime  remaiiw 
ed  in  the  tabe^  and  pure  hydrofluoric  gas 
came  over.  100  parts  of  the  fluoride  of 
caldum  (fluor-spar),  thus  treated,  became 
143.417  parts  of  chloride  of  caldum,  con- 
aistii^  of  52.819  parts  of  caldum,  (present 
in  100  of  fluor-qiar),  united  to  90.596  of 
chlorine).  Bot  this  latter  quantity  must 
have  Uberated  2.511  parts  of  hydrogen,  says 
2C  Kuhlmannr  which  must  therefore  have 
oomhined  with  the  47.181  parts  of  fluorine 
in  the  vpmr,  to  form  4^692  parts  of  hydro- 
fluoric add.  This  must  consist  then  of 
94b 941  parts  of  fluorine,  and  5.059  hydro- 
gen, in  100. 

The  salts  fbrmed  by  fluoric  add  and  ae- 
Tend  bases,  have  been  lately  examined  by  M. 
Bendius  with  his  accustoined  precision. 

SMpeifluaU  of  poiaah*  Tliis  add  fluate  is 
obtained  by  mixing  with  the  add  a  quantity  of 
potash,  insuflident  to  saturate  it.  On  con* 
centrating  the  solution,  a  little  of  the  redun- 
dant acid  flies  off;  but  the  greater  part  re- 
mains and  crystallises  with  the  alkali.  This 
salt,  when  hotted,  fuses,  and  leaves  74.9  per 
cent  of  nentnd  fluate^  while  fumes  of  fluoric 
add  are.  voladfised.  Bendius  regards  the 
above  add  salt  as  composed  of  an  atom  of 
fluate  of  potash,  and  an  atom  of  hydiated 
fluoric  add* 

FluaU  ofpolaah  is  prepared  by  saturating, 
imperfectly,  fluoric  acid  with  cari>onate  of 
poissh,  eviqiomting  and  heating  so  as  to  expd 
the  exccu  of  add.  It  has  a  sharp  saline 
taste^  b  very  alkaline,  and  deliquesces  in  the 
air.  It  crystailizes  very  difficultly  in  water, 
and  then  forms  cubes  or  rectangular  prisms, 
with  stair-like  scales,  similar  to  common  salt 
AeidJlwMU  ofModa.  This  salt  is  little  so- 
iuUe  in  cold  water.  By  a  slow  spontaneous 
evaporalioo  it  affords  rhomboidal  crystals, 
having  a  sharp  taste,  and  distinctly  add. 
Heat  separates  the  fluoric  add  in  a  concen- 
trated state,  without  changing  the  form  of 
the  crystals,  and  68il  per  cent  of  neutral 
fluate  remain.  Berzelius  considers  this  salt 
to  be  a  compound  of  an  atom  of  fluate  of 
aoda,  and  an  atom  of  hydrated  fluoric  add. 

Neutral  JluaU  of  ioda,  Hiis  salt  may  be 
obtained  directly  from  fluoric  acid  and  car* 
bonate  of  soda,  or  by  decomposing  100  parts 
of  the  double  fluate  of  soda  and  silica,  by  1 12 
parti  of  dried  carbonate  of  soda.  When  the 
salt  is  pure,  and  left  to  spontaneous  evapora- 
tion, it  affords  transparent  cubes  of  regular 
octahedrons,  which  often  present  a  pearly 
lustre.  Octahedrons  are  always  obtained 
when  the  solution  contains  some  carbonate 
of  soda,  but  on  the  contrary,  groups  of  small 
cubic  grains  when  the  evaporation  is  pro- 
duced by  elevation  of  temperature.  The 
fluates  of  potash  and  soda  are  isomorphous 
with  the  muriates  of  the  same  bnses^    Fluate 


of  soda  mehs  with  more  diflicolty  than  glass. 
100  parts  of  water  at  60°  F.  dissolve  4.8  of 
it ;  and  at  the  boiling  point  only  4i3. 

Acidjluate  of  ammonia  forms  small  gra- 
nular crystals,  which  deliquesce. 

Neutral  fluate  ofammoma  is  more  volatile 
than  sal  ammoniac.  It  is  easily  obtained  by 
heating  one  part  of  dry  sal  ammoniac  with  a 
little  more  than  two  parts  of  fluate  of  soda, 
in  a  crudble  of  platinum  with  its  lid  turned 
upwards.  Into  this  lid  a  little  cold  water  is 
put,  while  the  bottom  of  the  crudble  is  heat- 
ed with  a  spirit  of  wine  lamp.  The  fluate  of 
ammonia  thus  sublimes  perfectly  pure  in  a 
mass  of  small  prismatic  crystals.  It  fuses  be- 
fore subliming,  and  acts  on  glass  even  in  its 
dry  stat^  and  at  ordinary  temperatures. 

The  earthy  fluates  are  best  prepared  by 
digesting  their  recently  precipitated  moist 
ca^rbonates  in  an  excess  of  fluoric  sdd.  That 
of  baryta  is  slightly  soluble  in  water,  and 
readily  in  muriatic  add. 

ACID  (FLUOSILICIC).  If  instead  of 
bdng  distilled  in  metallic  vessels,  the  mixture 
of  fluor-spar  and'  oil  of  vitriol  be  distilled  in 
glass  vessels,  little  of  the  corrosive  liquid  will 
be  obtained ;  but  the  glass  will  be  acted  upon, 
and  a  peculiar  gaseous  substance  will  be  pro- 
duced, which  must  be  collected  over  mercury. 
The  best  mode  of  procuring  this  gaseous  body 
is  to  mix  the  fluor-spar  wi&  pounded  glass  or 
quartz ;  and  in  this  case,  the  glass  retort  may 
be  preserved  from  corrosion,  and  the  gas  ol>- 
tained  in  greater  quantities.  This  gas,  which 
is  called  silicated  fluoric  gas,  is  possessed  of 
very  extraordinary  properties. 

It  is  very  heavy ;  100  cubic  inches  of  it 
wdgh  110.77  gr. ;  and  hence  its  sp.  gr.  is  to 
that  of  air  as  3.G32  is  to  I.OOO.  It  is  about 
48  times  denser  than  hydrogen.  When 
brought  into  contact  with  water,  it  instantly 
deposits  a  white  gelatinous  substance,  which 
is  hydrate  of  silica ;  it  produces  white  fiimes 
when  suffered  to  pass  into  the  atmosphere.  It 
is  not  affected  by  any  of  the  common  com- 
bustible bodies;  but  when  potassium  is 
strongly  heated  in  it,  it  takes  Are  and  bums 
with  a  deep  red  light ;  the  gas  is  absorbed,  and 
a  fawn-coloured  substance  is  formed,  which 
yields  alkali  to  water  with  slight  effervescence, 
and  contains  a  combustible  body.  The  wash- 
ings afford  potash,  and  a  salt,  from  which  the 
strong  add  fluid  previously  described  may  be 
separated  by  sulphuric  add. 

The  gas  formed  by  the  action  of  liquid 
sulphuric  add  on  a  mixture  containing  silica 
and  fluor-spar,  the  silicated  fluoric  gas  or  fluo- 
silicic  add,  may  be  regarded  as  a  compound 
of  fluoric  add  and  silica.  It  affords,  when 
decomposed  by  solution  of  ammonia,  6 1.4  per 
cent  of  silica ;  and  hence  was  at  first  sup- 
posed by  Sir  H.  Davy  to  consist  of  two  prime 
proportions  of  add  =  2.652,  and  one  of  silica 
s=  4.066,  the  sum  of  which  numbers  might 
represent  its  equivalent  ss  6.718.      One 


ACID 


36 


FLUOBORia 


▼olurne  of  it  condenses  two  Tolumes.of  am- 
monia, and  they  form  together  a  peculiar 
saline  subiitance,  which  is  decomposed  by 
water.  The  composition  of  this  salt  is  easily 
reconciled  to  the  numbers  given  as  represent- 
ing silica  and  fluoric  acid,  on  the  supposition 
that  it  contains  one  prime  of  ammonia  to  one 
of  the  fluosilicic  gas ;  for  200  cubic  inches  of 
ammonia  weigh  36.2  gr.  and  100  of  the  add 
gas  1 10.77.  Now  36.2  :  2.125  : ;  110.77  : 
6.502i. 

Dr  John  Davy  obtained,  by  exposing  that 

gas  to  the  action  of  water,  thstjV  o£its  weight 
of  silica ;  and  from  the  action  of  water  of 
ammonia  he  separated  i^sV  ^^  ^^  weight. 
Hence  100  cubic  inches  consist  by  weight  of 
68  silica  and  42  of  unknown  fluoric  matter, 
the  gas  which  holds  the  silica  in  solution.  Sir 
H.  Davy,  however,  latterly,  conceives  that 
this  gas  is  a  compound  of  the  bases  of  silica, 
or  silicon,  with  fluorine  the  supposed  basis  of 
fluoric  acid. 

Berzelius,  in  his  late  elaborate  researches  on 
the  fluoric  combinations,  (^jlnnalet  de  Cfdm, 
et  de  Phys>  xxvii.  289.),  says  that  the  silicated 
fluoric  acid  should  be  regarded  as  nothing  else 
than  fluate  of  silica,  for  it  is  only  with  the 
neutral  fluates  that  it  can  unite  without  suf* 
fering  decomposition ;  and  that  when  a  portion 
of  silica  has  been  separated  from  it,  it  can  be 
replaced  only  by  an  alkali,  an  oxide,  or  water. 
When  he  put  silicated  fluoric  gas  in  contact 
with  carbonate  of  potash  or  soda,  reduced  to  a 
very  fine  powder,  there  was  no  more  of  it  ab- 
sorbed than  what  mi^t  be  ascribed  to  mois- 
ture contained  in  the  carbonate ;  and  the  salt, 
after  exposure  to  the  gas  for  several  days,  had 
absorbed  but  an  extremely  small  portion  of  it 
Tlie  same  result  is  observed  with  pure  lime 
and  the  bicarbonate  of  potash.  But  the  gas 
is  very  easily  absorbed  when  exposed,  even 
irithout  moisture,  to  a  finely  pulverized  fluate, 
dther  with  an  alkaline,  earthy,  or  metallic 
base.  At  the  end  of  a  few  hours,  the  fluate 
is  completely  saturated  with  the  gas ;  showing 
that  the  portion  of  fluoric  acid  and  silica  ab- 
sorbed, has  no  need  of  any  new  base  for  its 
saturation.  Tliis  simple  fact  shows  that  the 
pretended  fluosilicates,  instead  of  being  com- 
binations of  a  fluate  with  a  silicate,  are 
rather  combinations  of  fluate  of  silica  with 
fluates  of  the  other  bases.  M.  Berzelius 
infers  from  his  experiments,  that  fluate  of 
Silica  is  formed  of  lOQ  parts  fluoric  acid, 
and  1445  silica.  Water  separates  one-third 
of  this  silica. 

ACID  (FLUOBORIC).  If,  instead  of 
glass  or  dlica,  the  fluor-spar  be  mixed  with  dry 
vitreous  boracic  acid,  and  distiDed  in  a  glass 
vessel  with  sulphuric  acid,  the  proportions  be- 
ing one  part  boracfc  acid,  two  fluor-spar,  and 
twelve  oil  of  vitriol^  the  gaseous  substance 
formed  is  of  a  different  kind,  and  is  called  the 
fluQboric  gas.  100  cubic  inches  of  it  weigh 
73.5  gr.  according  to  Sir  H.  Davy,  which 


makee  its  density  be  to  that  off  air  as  2.41  is 
to  1.00 ;  but  Dr  John  Davy  states  its  density 
to  that  of  air  as  2.371  to  1.000.  It  is 
colouriess;  its  smell  is  pungent,  and  resem- 
bles that  of  muriatic  acid;  it  cannot  be 
breathed  without  suffocation ;  it  extinguishes 
combustion ;  and  reddens  strongly  the  tincture 
of  turnsole.  It  has  no  manner  of  action  on 
glass,  but  a  very  powerful  one  on  vegetable 
and  annual  matter :  it  attacks  them  with  as 
much  force  as  concentrated  sulphuric  add» 
and  appears  to  operate  on  these  bodies  by 
the  production  of  water ;  for  whik  it  carbo- 
nizes them,  or  evolves  carbon,  they  may  bo 
touched  without  any  risk  of  burning.  Ex- 
posed to  a  bigb  temperature,  it  is  not  decom- 
posed; it  is  condensed  by  cold  without 
changing  its  form.  When  it  is  put  in  contact 
with  oxygen,  or  air,  either  at  a  high  or  low 
temperature,  it  experiences  no  change,  except 
seising,  at  ordinary  temperatures,  the  moisture 
which  these  gases  contain.  It  becomes  in 
consequence  a  liquid  which  emits  extremely 
dense  vapours.  It  operates  in  the  same  way 
with  aU  the  gases  which  contain  hygrometric 
water.  However  little  they  may  contain,  it 
occasions  in  them  very  perceptible  vapours. 
It  vaaey  hence  be  employed  with  advantage  to 
show  whether  or  not  a  gas  contBin»  moisture. 

No  combustible  body,  simple  or  compoondy 
attacks  fluoboric  gas,  if  we  except  the  alkaline 
metals.  Potassium  and.  sodium,  with  the  aid 
of  heat,  bum  in  this  gas  almost  as  brilliantly 
as  in  oxygen.  Boron  aitd  fluate  of  potash 
are  the  products  of  this  decomposition.  It 
might  hence  be  inferred,  that  the  metal  seizes 
the  oxygen  of  the  boracic  add,  sets  the  boron 
at  liberty,  and  is  itself  oxidized  and  com- 
bined with  the  fluoric  acid.  According  to 
Sir  H.  Davy's  views,  the  fluoboric  gas  being 
a  compound  of  fluorine  and  boron,  the  pot- 
assium unites  to  the  former,  giving  rise  to 
the  fluoride  of  potassium,  while  the  boron  re- 
mains disengaged. 

Fluoboric  gas  is  very  soluble  in  water.  Dr 
John  Davy  says,  water  can  combine  with  700 
times  its  ovm  volume,  or  twice  its  wei^t  at 
the  ordinary  temperature  and  pressure  of  the 
air.  Hie  liquid  has  a  specific  gravity  of 
1.770.  If  a  bottle  containing  this  gas  be 
uncorked  under  water,  the  liquid  will  rush  in 
and  fill  it  with  explosive  violence.  Water 
saturated  with  this  gas  is  limpid,  fuming,  and 
very  caustic.  By  heat  about  one-fifth  of  the 
absorbed  gas  may  be  expelled;  but  it  is  im- 
possible to  abstract  more.  It  then  resembles 
concentrated  sulphuric  add,  and  boils  at  a 
temperature  considerably  above  212^.  It 
afterwards  condenses  altogether,  in  strut,  al- 
though it  contains  still  a  very  large  quantity 
of  gas.  It  unites  with  the  bases,  forming 
salts  called  fluobontes,  none  of  which  has 
been  applied  to  any  use.  The  most  impor- 
tant will  be  stated  under  the  artide  Salt. 

The  2d  part  of  the  FbiL  Transactions  for 
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181Sy  cmtains  an  ezodlent  paper  by  Dr  John 
2)bv7  on  fiuoailicic  and  fluoboric  gases,  and 
tiieeombinations  of  tbe  latter  with  aramoniacal 
^aa.     When  united  in  equal  volumes,  a  pul- 
verulent salt  is  fonned ;  a  second  volume  of 
ammonia,  however,  gives  a  liquid  compound ; 
and  a  third  of  ammonia,  which  is  tbe  limit  of 
combination,  a£fords  still  a  liquid;  both  of 
them  curious  on  many  accounts.     "  Hiey 
are^"  says  he,  **  the  first  salts  that  have  been 
observed  liquid  at  the  common  temperature 
of  the  atmosphere.     And  they  are  additionai 
Acts  in  support  of  the  doctrine  of  definite 
ptoportions,  and  of  the  relation  of  volumes.*' 
ACID  <FLUOTANTALIC).      This 
add  is  prepared  in  a  similar  way  to  the  fol- 
lowing ;  and  forms,  with  the  bases,  salts  caH- 
UAjluoimUalatts, 

ACID  (FLUOTITANIC).  When  fluo- 
ric acid  is  poured  on  titanic  add,  the  latter 
becomes  wann,  even  after  having  been  previ- 
ously ignited,  and  dissolves  completely  with 
<fae  aid  of  heat.  Evaporated  at  a  gende  heat 
to  the  consistence  of  syrup,  the  solution  af- 
Ibrds  crystals,  which  do  not  redtssolve  com- 
pletely in  water,  but  which  are  decomposed 
into  two  pecub'ar  combinations,  of  which  one 
is  addulous  and  soluble,  and  the  other  with 
«scess  of  base  is  insoluble.  The  solution  of 
tbe  Ibnner,  namely  of  the  fluotitanic  add,  in 
water,  is  snalc^us  to  the  liquid  fluosilidc 
add ;  it  contains  fluotitanic  add,  and  fluoric 
add  combined  with  water.  Hie  water  may 
be  replaced  by  other  bases,  and  in  this  way 
may  be  formed  a  series  of  salts  which  M.  Ber- 
aeUus  calls  fiwotitanateu  The  fiuotitanate 
of  potash  crystallizes  in  brilliant  scales  like 
boradc  add,  which  redissolve  in  water  with- 
out deoompontion.  It  consists  in  100  parts 
4if  potash  38.7,  titanic  add  35^  and  fluoric 
add  26.3. 

ACID  (FORMIC).  To  procure  pure 
formic  add,  Gehlen  saturates  the  expressed 
liquor  of  ants  with  subcarbooate  of  potash, 
pours  into  the  compound  sulphated  peroxide 
of  iron,  filters,  evaporates  to  the  consistence 
of  syrup,  and  distils  in  a  glass  retort,  with  a 
sufficient  quantity  of  sulphuric  add.  The 
product  which  passes  into  the  recdver  is  very 
sour,  and  without  any  perceptible  odour  of 
sulphnrous  add.  He  then  puts  it  in  contact 
with  carbonate  of  copper,  evaporates  the  so- 
hitioo,  and  procures  fine  blue  crystals,  which 
he  considers  as  formiate  of  copp^.  Ftook 
this  he  extracts  the  pure  and  the  most  con- 
centrated add  possible,  by  decomposing  the 
salt  with  two-thirds  of  its  wdght  of  sulphuric 
add,  aided  by  heat,  distilling  it  into  a  re- 
cdver, and  rectifying  by  a  second  distillation. 
From  thirteen  ounces  of  formiate  thus  treated, 
he  obtained  more  than  six  ounces  and  a  half 
of  pure  formic  add. 

This  add  has  a  very  sour  taste,  and  con- 
tinues liquid  even  at  very  low  temperatures. 
ItB^edfic  gravity  is  1.1 168  at  68°,  which  is 


much  denser  than  acetic  add  ever  is.  Berse^ 
lius  finds,  tiiat  the  formiate  of  lead  consists  of 
,  4.696  add,  and  14  oxide  of  lead ;  and  that 
the  ultimate  constituents  of  the  dry  acid  are 
hydrogen  2.84  4-  carbon  32.40  4-  oxygen 
64.76  =100. 

M.  Doberdner  has  recently  succeeded 
(See  Gilbert's  Annales,  xi.  107.)  in  forming 
this  add  artificially.  When  a  mixture  of  tar- 
taric add,  or  of  cream  of  tartar,  black  oxide 
of  manganese,  and  water,  is  heated,  a  tumul- 
tuous action  ensues,  carbonic  add  is  evolved, 
and  a  liquid  add  distils  over,  which,  on  su- 
perfidal  examination,  was  mistaken  for  acetic 
add,  but  which  now  proves  to  be  formic  acid. 
This  add,  mixed  with  concentrated  sulphuric 
add,  is  at  common  temperatures  converted 
into  water  and  carbonic  oxide ;  nitrate  of  sil- 
ver or  of  mercury  converts  it,  when  gently 
heated,  into  carbonic  add,  the  oxides  bdng 
at  the  same  time  reduced  to  the  metallic 
state.  With  baryta,  oxide  of  lead,  and  oxide 
of  copper,  it  produces  compounds  having  all 
the  properties  of  tbe  genuine  formiates  of 
these  metals.  If  a  portion  of  sulphuric  add 
be  employed  in  the  above  process,  tbe  tartaric 
add  is  resolved  entirely  into  carbonic  add, 
water,  and  formic  add ;  and  the  product  of 
the  latter  is  much  increased.  The  best  pro- 
portions are,  two  parts  tartaric  acid,  five  per- 
oxide of  manganese,  and  five  sulphuric  add 
diluted  with  about  twice  its  wdght  of  water. 
M.  Doberdner  finds,  that  when  formic 
add  is  decomposed  by  sulphuric  acid,  it  is 
resolved  into  24.3  water,  and  75.7  carbonic 
oxide,  in  100  parts ;  or  of  one  volume  of 
vapour  of  water,  and  two  volumes  carbonic 
oxide  gas ;  or  two  atoms  carbon,  three  oxy- 
gen, and  one  hydrogen. 

ACID  (FULMINIC).  Put  6.5  parts 
of  nitric  add,  sp.  gravity  1.36  or  1.38,  into 
a  pint  matras,  and  a  piece  of  coin  contain- 
ing nearly  35  parts  of  pure  silver.  Pour 
the  resulting  solution  into  about  927  parts 
of  strong  alcohol,  and  beat  to  ebullition. 
On  the  appearance  of  turbidness,  remove 
from  the  fire,  and  add  by  degrees  an  equal 
quantity  of  alcohol  to  the  solution,  in  order  to 
moderate  the  ebullition,  and  to  cool  it.  Hl- 
ter  it  when  cold,  and  wash  away  the  whole 
free  add.  The  fulminate  of  silver  is  now  pure 
and  white  as  snow.  Dry  it  in  a  steam  heat 
for  two  or  tliree  hours,  after  which  it  will  be 
found  to  equal  in  wdght  the  silver  employed. 
A  slight  blow  between  bard  bodies  explodes 
it.  It  may  be  analyzed  by  rubbing  it  with 
the  finger  with  forty  times  its  weight  of  per- 
oxide of  copper,  and  igniting  the  mixture  in 
a  glass  tube.  100  parts  of  it,  analyzed  in 
this  way,  afiforded  77.528  of  oxide  of  silver. 
The  add  associated  with  this  oxide  is  the  cy- 
anic. Hence  the  ultimate  constituents  are^ 
in  100  parts,  silver  72.187,  oxygen  5.341, 
cyanogen  17.16,  oxygen  (comlnned  with  the 
silver)  5.312.     It  consists,  therefi^re,  of  one 
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atom  oxide  of  sUfer,  14^75 ;  8  atam^  cyaixv    the  retort    Thia  pipceas  fisqpUM  gnat  care^ 
gen,  6.6;  2  oxygen,  2  ss  2^25.  as,  if  the  heat  be  carried  so  far  as  to  diaen- 

To  prepare  alkaline  fulminates,  chlorides     gage  the  oil,  the  crystals  will  be  dissolved 
should  be  used.     Thus,  to  obtain  the  double     immediately.    The  crystab  thus  obtained  are 
fubninate  of  silver  and  potash,  decompose    pretty  large»  laminated,  and  brilliant, 
the  fulminate  of  silver  by  chloride  of  potas*         M.  Baruel,  of  the  School  of  Medicine  at 
aium ;  being  careful  to  add  no  more  of  the     Paris,  finds  that  be  can  obtain  pure  gallic 
chloride  than  is  sufficient  to  precipitate  ra-     acid  by  pouring  solution  of  white  of  egg 
ther  less  than  half  the  sOver.     The  solution     into  the  infusion  of  nut-galls,  till  this  ceases 
will  contain  the  double  fulminate.  lAebeg  and    to  be  disturbed ;  then  to  evaporate  the  chui- 
Croy  Lussac,  Afou  de  CKiim.  ei  Fhyt.  xxv.  286.     fied  liquid  to.  dryness,  to  heat  the  residuum 
ACID  (FUNGIC).    The  expressed  juice     with  alcohol,  to  filter  the  new  liquid,  and 
of  the  boletus  juglanditf  bokiut  psetuUhignich'    concentrate  it  to  the  proper  degree  for  the 
rtiM,  the  phallus  impudicust  mertUius  cantha"    formation  of  gallic  acid. 
reituSf  or  the  pexmt  nigra,  being  boiled  to         Gallic  add  placed  on  a  red-hot  iron  burns 
ooagulate  the  albumen,  then  filtered,  evapo-     witli  fiame,  and  emits  an  aromatic  smell,  not 
xated  to  the  consistence  of  an  extract,  and     unlike  that  of  benzoic  acid.     It  is  soluble  in 
acted  on  by  pure  alcohol,  leaves  a  substance     twenty  parts  of  cold  water,  and  in  three  parts 
which  has  been  called  by  Braconnotyii/^gic     at  a  boiling  heat    It  is  more  soluble  in  alco- 
acid.     He  dissolved  that  residue  in  water,     hoi,  which  takes  up  an  equal  weight  if  heated^ 
added  solution  of  acetate  of  lead,  whence  re-     and  one-fourth  of  its  weight  cold. 
mlbed /ungate  of  lead,  which  he  decomposed         It  has  an  acido-astringent  taste^  and  red^ 
at  a  gentle  heat  by  dilute  sulphuric  acid,     dens  tincture  of  litmus.     It  does  not  attract 
The  evolved  fungic  acid  being  saturated  with     humidity  from  the  air. 
ammonia,  yielded  a  crystallized  fungate  of        From  the  gallate  of  lead,  Benelius  infers 
ammonia,  which  he  purified  by  repeated  so-     the  equivalent  of  this  acid  to  be  8.00.     Its 
lution  and  crystallization.     From  this  salt,  by     ultimate  constituents  are,  hydrogen  5.00  -^ 
acetate  of  lead,  and  thereafter  sulphuric  acid,     carbon  56.64  -f*  oxygen  38.36  ss  100. 
as  above  detailed,  he  procured  the  pure  fungic         This  acid,  in  its  combinations  with  the  Sfr- 
add.  lifiable  bases,  presents  some  remariLable  phe- 

It  is  a  colourless,  uncrystallizable,  and  de-  nomena.  If  we  pour  its  aqueous  solution  by 
liquescent  mass,  of  a  very  sour  taste.  The  slow  degrees  into  lime,  baryta,  or  strontia 
fungates  of  potash  and  soda  are  uncrystalliz-  water,  tliere  will  first  be  fonned  a  greenish- 
able  ;  that  of  ammonia  forms  regular  six^  white  predpitate.  As  the  quantity  of  add  is 
sided  prisms;  that  of  lime  is  moderately  so-  increased,  the  precipitate  changes  to  a  violet 
luble,  and  is  not  affected  by  the  air ;  that  of  hue^  and  eventually  disappears.  The  liquid 
baryta  is  soluble  in  fifteen  times  its  wdght  has  then  acquired  a  reddish  tint.  Among 
of  water,  and  crystallizes  with  difficulty ;  that  the  salts,  those  only  of  black  oxide  and  red 
of  magnesia  appears  in  soluble  granular  crys-  oxide  of  iron  are  decomposed  by  the  pure 
tals..  This  add  precipitates  from  the  acetate  gallic  acid.  It  forms  a  blue  predpitate  with 
of  lead  a  white  flocculent  fungate,  which  is  tlie  first,  and  a  brown  with  the  second.  But 
soluble  in  distilled  vin^^r.  When  insulated,  when  this  acid  is  united  with  tannin,  it  de- 
it  does  not  affect  solution  of  nitrate  of  silver ;  composes  almost  all  the  salts  of  the  perma- 
but  the  fungates  decompose  this  salt  nent  metals. 

ACID  (GALLIC).  This  add  is  found  Concentrated  sulphuric  acid  decomposes 
in  different  vegetable  substances  which  possess  and  carbonizes  it ;  and  the  nitric  add  con- 
astringent  properties,  but  most  abundantly  verts  it  into  malic  and  oxalic  adds, 
in  the  excrescences  termed  galls  or  nut-galls.  United  with  baryta,  strontia,  lime,  and 
whence  it  derives  its  name.  It  may  be  ob-  magnesia,  it  forms  salts  of  a  dull  yellow  co- 
tained  by  macerating  galls  in  water,  filtering,  lour,  which  are  little  soluble,  but  more  so  if 
and  suffering  the  liquor  to  stand  exposed  to  thdr  base  be  in  excess.  With  alkalis  it  forms 
the  air.  It  will  grow  mouldy,  be  covered  salts  that  are  not  very  soluble  in  general, 
with  a  thick  glutinous  pellicle,,  abundance  of  Its  most  distinguishing  characteristic  is  its 
glutinous  flocks  will  fall  down,  and,  in  the  great  affinity  for  metallic  oxides,  so  as,  when 
course  of  two  or  three  months,  the  sides  of  combined  with  tannin,  to  take  tiiem  from 
the  vessel  will  appear  covered  with  small  powerful  acids.  The  more  readily  the  me- 
yellowisb  oystals,  abundance  of  which  will  tallic  oxides  part  with  tlidr  oxygen,  the  more 
likewise  be  found  on  the  under  surface  of  they  are  alterable  by  the  gallic  acid.  To  a 
the  supernatant  pellide.  Iliese  crystals  may  solution  of  gold  it  imparts  a  green  hue ;  and 
be  purified  by  solution  in  alcohol,  and  evapo-  a  brown  precipitate  is  farmed,  which  readily 
ration  to  dryness.  passes  to  the  metalh'c  atate,  and  covers  the 

M.  Deyeux  recommends  to  put  the  pow-  solution  with  a  shining  golden  pelh'cle.  With 
dered  galls  into  a  glass  retort,  and  apply  nitric  solution  of  silver,  it  produces  a  similar 
heat  slowly  and  cautiously  ;  when  the  acid  effect.  Mercury  it  predpitates  of  an  orange- 
will  rise  and  be  condensed  in  the  neck  of    yellow;  copper,  bcown;  bismuth,  of  a  lemon 
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coloiir;  lead,  i^te;  iioiiy  black.     Flatina,  wfaleh  oombloe  in  aqual  volumefly  without 

linc^  tin,  oobalt,  and  mangimffte,  are  not  pro-  ■  change  of  their  primitive  bulk.     Its  compo> 

dpitated  bj  it.  sition  by  weight  is  therefore  8^61  of  iodine 

On  diaeahring  gallic  add  in  ammonia,  and  -f-  0.0694  hydrogen,  which  is  the  relation 

phdng  the  solution  in  contact  with  oxygen,  of  thdr  gasiform  densities;  and  if  8.61  be 

3L  Doberdner  found  that  it  absorbed  suffi-  divided  by  0.0694»  it  will  give  the  prime  of 

cicnt  to  convert  all  the  hydrogen  of  the  gallic  iodine  124  times  greater  than  hydrogen ; 

add  into  water.    In  this  way  the  acid  is  con-  and  as  the  prime  of  oxygen  is  eight  times 

▼erted  into  uhnm,  which  is  composed  of  2  more  than  that  of  hydrogen,  on  dividing 
atoms  carbon  4-  1  hydrogen  -f-  2  oxygen.      124  by  8,  we  have  15.6  for  the  prime  equi- 

100  parts  of  gallic  acid  absorb  38  of  oxygen,  valent  of  iodine ;  to  which  if  we  add  0. 125^ 

within  twenty-four  hours.  Thesohitionmean-  the  sum  15.625  represents  the  equivalent  of 

while  becomes  brown-coloured  and  opaque.  hydriodic  add.     The  number  deduced  for 

GalUc  add  is  of  extensive  use  in  the  art  of  iodine,  from  the  relation  of  iodine  to  hydro- 

dyeing,  aa  it  constitutes  one  of  the  prindpal  gen  in  volume,  approaches  very  nearly  to 

ii^rediente  in  all  the  shades  of  black,  and  is  15.621,   which   was  obtained  in  the  other 

employed  to  fix  or  improve  several  other  co-  experiments  of  M.  Gay  Lussac    Hydriodic 

lours.     It  is  well  known  as  an  ingredient  in  add  is  partly  decomposed  at  a  red  heat ;  and 

ink.     See  Galls,  Dyeing,  Ink,  and  Salt,  the  decomposition  is  complete  if  it  be  mixed 

ACID  (GLAUCIC).     This  substance,  with  oxygen.     Water  is  fonned,  and  iodine 

considered  as  a  new  vegetable  add,  accord-  separated.. 

ing  to  Dr  Runge,  occurs  in  several  spedes         M.  Gay  Lussac,  in  his  admirable  memcHr 

of  the  d^naeus  and  icaHota.     It  is  a  brittle  on  iodine  and  its  combinatioas,  published  in 

ydlow  mass,  which  reddens  litmus  and  neu-  the  Ann.  de  Chimie^  vol.  xd.  says,  that  the 

trsUses  ammonia.     The  tincture  of  the  dry  specific  gravity  he  there  gives  for  hydriodic 

plant  in  alcohol  is  treated  with  ether,  which  gas,  viz.  4.443,  must  be  a  little  too  great,  for 

throws  down,  white  flocculL      These,  when  traces  of  mdsture  were  seen  in  the  inside  of 

dissolved  in  water,  are  to  be  predpitated  by  the  bottle.    In  fact,  if  we  take  15.621  as  the 

acetate  of  lead ;  and  the  predpitate  being  de-  prime  of  iodine  to  oxygen,  whose  spedfic 

.oooipoaed  by  sulphuretted  hydrogen,  affords  gravity  is  1.1111,  and  multiply  one-half  of 

a  mixture  of  glaucic  and  acetic  adds.     Tlie  this  number  by  15.621,  as  he  does,  we  shall 

latter  is  easily  separable  by  a  moderate  heat,  have  a  product  of  8.6696,  to  which  adding 

ACID  (OF  THE  GRASSHOPPER).  0.0694  for  the  density  of  hydrogen,  we  get 

JProbaMy  a  modification  of  the  acetic  add.  the  sum  &7390,  one^balf  of  which  b  ob- 

ACII)(HIRCIC).    This,accordingtoM.  riously  the  density  of  the  hydriodic  gas  = 

Chevreul,  is  the  product  of  the  action  of  aU  4.3695.    When  the  prime  of  iodine  is  taken 

lulls  on  a  peculiar  oil,  which  he  calls  hxrcinef  ^  15,5^  thea  the  density  of  the  gas  comes 

which  he  found  combined  with  stearine  and  out  4.3. 

oleine  in  the  fat  of  the  goat  and  sheep.     It         We  can  easily  obtain  an  aqueous  hydriodic 

is  cokmrless,  liquid  at  32^  F.,  emits  the  acid  very  economically,  by  passing  sulphuret- 

smell  of  acetic  add  and  that  of  the  goat ;  it  ted  hydrogen  gas  through  a  mixture  of  water 

reddens  litmus;  is  hardly  soluble  in  water,  and  iodine  in  a  Woolfe's  bottle.    On  heating 

but  very  soluble  in  alcoliol :  it  forms  with  the  liquid  obtained,  the  excess  of  sulphur  flies 

potash  a  deliquescent  salt,  vrith  baryta  one  off,  and  leaves  Uquid  hydriodic  add.    Attem- 

not  very  soluble  in  water,  and  with  ammonia  peratures  below  262^  it  parts  with  its  water, 

a  salt  which  emits  more  of  the  goat  effluvia  and  becomes  of  a  density  :=  1.7.     At  262^ 

than  the  add  itself.  the  add  distils  over.     When  exposed  to  the 

ACID  (HYDRIODIC).  This  add  re-  air,  it  is  speedily  decomposed,  and  iodine  is 
sembles  the  muriatic  in  being  gaseous  in  its  evolved.  Concentrated  sulphuric  and  nitric 
insulated  state.  If  four  parts  of  iodine  be  adds  also  decompose  it  When  poured  into 
mixed  witb  one  of  phosphorus,  in  a  small  a  saline  solution  of  lead,  it  throws  down  a 
glass  retort,  applying  a  gentle  heat,  and  add-  fine  orange  predpitate.  With  solution  of 
ing  a  few  drops  of  water  from  time  to  time^  peroxide  of  mercury,  it  gives  a  red  predpi. 
a  gas  comes  over,  which  must  be  received  in  tate ;  and  with  that  of  silver,  a  white  prfr. 
the  mercurial  bath.  Its  spedfic  gravity  is  cipitate  insoluble  in  ammonia.  Hydriodic 
4.4;  100  cubic  inches,  therefore,  wdgh  134.2  acid  may  also  be  formed,  by  passing  hydro- 
grains.  It  is  elastic  and  invisible,  but  has  a  gen  over  iodine  at  an  elevated  temperature. 
amdl  somewhat  similar  to  that  of  muriatic  The  compounds  of  hydriodic  acid  with  the 
add.  Mercury  afler  some  time  decomposes  salifiable  Ixises  may  be  easily  fonned,  dther 
it,  seizing  its  iodine,  and  leaving  its  hydro-  by  direct  combination,  or  by  acting  on  the 
gen,  equal  to  onfr-half  of  the  original  bulk,  basu  in  water,  with  iodine.  Tlie  latter  mode 
at  liboty.  Chlorine,  on  the  other  hand,  is  most  economical  Upon  a  deternunate 
unites  to  its  hydrogen,  and  precipitates  the  quantity  of  iodine  pour  solution  of  potash  or 
iodine*  From  these  experiments,  it  evident-  soda,  till  the  liquid  ceases  to  be  coloured, 
ly  aoodats  of  vi^iir  of  ioditie  and  hydrogen.  Evaporate  to  dryness,  and  digest  the  dry  salt 
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tfacm  which  cannot  be  decompoaed  by  all  the  —A  hot  and  oonoentnted  solution  of  the  bi- 
mineral  adds,  except  the  carbonic,  and  by  the  chromate  of  potash  is  to  be  decompoaed  by 
greater  part  of  the  regetable  acids;  sothaton  fluosilicic  acid;  the  liquid  is  to  be  filtered 
pouring  one  of  these  acids  into  a  solution  of  and  cTaporsted  to  dryness ;  the  add  thua 
the  cholestetate,  the  chdesteric  acid  is  in-  dried  is  to  be  dissolved  in  as  small  a  quantity 
stantly  sepuwted  in  fiocka.  The  soluble  cho-  of  water  as  possible^  and  the  clear  fluid  do- 
lestentes  form  precifutates  in  all  the  metallic  canted  from  the  deposit  of  fluosilicate  of  pot- 
solutions,  whose  baae  has  the  property  of  ash  which  has  passed  the  filter.  Hie  separa- 
ibrming  an  insoluble  or  slightly  soluble  salt  tion  of  this  portion  must  not  be  made  by  m 
with  cholesteric  acid.  filter,  for  in  this  state  the  chromic  add  at- 

MM.  PeDetier  and  Caventou  found  the  cho-  tacks  the  paper,  and  is  itaelf  converted  into 

lesfeerate  of  baryta  to  consist  of  100  of  add,  oxide  of  chrome. 

and  56,259  base;  whence  the  prime  equivalent  To  prepare  the  fluosilidc  add  in  suffidem 
of  the  farmer  appears  to  be  about  17.35.  Yet  quantity,  M.  Maus  uses  a  very  laige  retort 
they  observed,  on  the  other  hand,  that  on  with  a  long  neck.  He  puts  into  it  the  mix- 
treating  the  dKricsterete  of  lead  with  sulphuric  ture  of  fluor-spar  and  glass,  and  adds  sulphur 
«dd,  they  obtained  as  much  sulphate  of  lead  ric  add  to  about  three  times  the  amount  of 
as  of  cholestente.  From  this  experiment,  the  the  fluor-apar  in  weight,  and  mixes  the  whole 
equivalent  of  the  dry  add  would  seem  to  be  welL  A  large  globe  with  a  long  neck  is  then 
5 :  hence  we  may  imagine,  that  when  the  provided,  and  a  suflident  quantity  of  water 
cholesteric  acid  unites  to  the  oxide  of  lead,  put  into  it ;  the  neck  of  the  retort  is  intro- 
and  in  general  to  all  the  oxides  which  have  a  duced,  the  globe  shaken  to  moisten  the  inte- 
sligbc  aflinity  for  oxygen,  there  takes  place  rior  with  water,  and  the  fluosilidc  gas  evolv- 
something  similar  to  what  happens  in  the  re«  ed  by  the  application  of  heat  When  it 
action  of  oxide  of  lead  and  oxalic  add.  Jounu  arrives  in  the  gk>be  it  condenses  in  the  water, 
de  Pharm,  liL  292,  and  as  soon  as  the  quantity  of  silica  produced 
ACID  (CHROMIC).  This  add  was  at  retards  the  contact  of  the  gas  and  water,  the 
first  extracted  from  the  red  lead  ore  of  Siberia,  globe  is  again  shaken  and  3ie  operadon  con- 
by  treating  this  ore  with  carbonate  of  potash,  tinned.  In  this  way  no  gas  escapes,  and  the 
and  separating  the  alkali  by  means  of  a  more  water  soon  becomes  saturated  with  the  add ; 
powerful  add.  In  this  state  it  is  impure,  *  the  silica  is  easily  separable, 
forming  a  red  or  orange-coloured  powder,  of  a  Chromic  add  is  soluble  in  water,  and  crys* 
peculiar  rough  metallic  taste.  If  this  powder  tallises,  by  cooling  and  evaporation,  in  long* 
be  exposed  to  the  action  of  light  and  heat,  it  ish  prisms  of  a  ruby  red.  Its  taste  is  acrid 
kses  its  addity,  and  is  converted  into  green  and  styptic.  Its  spedfic  grarity  is  not  ex- 
oxide  of  chrome^  giving  out  pure  oxygen  gas.  actly  known;  but  it  always  exceeds  that  of 

To  obtain  pure  diromic  add,  we  must  distil  water.     It  powerfully  reddens  the  tincture  of 

fluor-spar,  chromate  of  lead  (the  ydlow  pig-  turnsole. 

ment),  and  sulphuric  add  (anhydrous  ?)  in  a  Its  action  on  combustible  substances  is  little 

leaden  retort,  when  a  gaseous  mixture  of  known.     If  it  be  strongly  heated  with  char- 

diromic  and  fluoric  adds  is  evolved,  that  is  coal,  it  grows  black,  and  passes  to  the  metallic 

readily  absortMble  by  water.    This  mixed  gas  state  without  melting, 

affords  a  thick  orange  smoke,  and  on  coming  Of  the  adds,  the  action  of  the  muriatic  on 

in  contact  with  air,  deposits  small  red  crystals  it  is  tiie  most  remarkable.    If  this  be  distilled 

of  chromic  add.    Ammoniacal  gas  introduced  with  the  chromic  acid,  by  a  gentie  heat,  it  is 

into  this  gas,  contained  in  glass  jan  lined  with  readily  converted  into  chlorine.     It  likewise 

resin,  burns  with  explosion.    Crystals  of  chro-  imparts  to  it  by  mixture  the  property  of  dis- 

mic  add  are  also  decomposed  in  ammoniacal  solving  gold ;  in  which  the  chromic  resembles 

gaswithaflashoflight,  and  become  protoxide  the  nitric  add.     This  is  owing  to  the  weak 

of  chromium.      Water,   by  absoibing  this  adhesion  of  its  oxygen,  and  it  is  the  only  one 

mixed  gas,  acquires  an  orange  tint ;  from  of  the  metallic  acids  that  possesses  this  pn^ 

■which,  by  evaporation,  pure  chromic  add  is  perty. 

obtained,  the  fluoric  being  volatilised.    If  the  The  extraction  of  chromic  add  from  chrome 

gas  be  recdved  in  a  deep  and  moistened  pla-  ore  is  also  performed  by  igniting  it  with  its  own 

tinum  vessel,  it  descends,  saturates  the  water,  wdght  of  nitre  in  a  crucible.     The  residue  is 

and  is  then  entirely  absori>ed  by  the  fluoric  lixiviated  with  water,  which  bdng  then  filtered 

acid,  which  is  at  length  dissipated,  the  vessel  contains  the  chromate  of  potash.    On  pourintg 

becoming  filled  with  a  red  snow,  consisting  of  into  tiiis  a  littie  nitric  add  and  muriate  of 

chromic  acid.     This  crystalline  matter,  when  baryta,  an  instantaneous  predpitate  of  the 

heated  to  redness  in  a  platinum  dish,  fuses,  chromate  of  baryta  takes  place.   After  having 

explodes  with  a  flash,  and  resolves  itself  into  procured  a  certain  quantity  of  this  salt,  it 

protoxide  and  oxygen.    The  crystals  obtained  must  be  put  in  its  moist  state  into  a  capsule, 

from  the  water  do  not  present  this  pheno-  and  dissolved  in  the  smallest  possible  quantity 

menon.  of  weak  nitric  add.      The  baryta  is  to  be 

M.  Maus  prepares  chromic  acid  as  follows :  then   precipitated  by   very  dilute  sulphuric 
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acid,  taking  care  not  Co  add  an  excets  of  it. 
When  the  liquid  is  found  by  trial  to  contain 
neither  sulphuric  acid  nor  baryta,  it  must  be 
filtered.  It  now  oonsista  of  water,  with  nitric 
and  chromic  adds.  The  whole  is  to  be  em. 
fxwated  to  dryness^  conducting  the  heat  at  the 
end  so  as  not  to  endanger  the  decomposidon 
of  the  chromic  acid,  whTch  will  remain  in  the 
capsule  under  the  form  of  a  reddish  matter. 
It  must  be  kept  in  a  glass  phial  well  corked. 
Chromic  aod,  heated  with  a  powerful  add, 
becomes  dmmuc  oxide;  while  the  latter, 
heated  with  the  hydrate  of  an  alkali,  becomes 
dironoic  add.  As  the  solution  of  the  oxide 
is  greeOf  and  that  of  the  add  yellow,  these 
transmutations  become  Tery  remarkable  to  the 
eye.  From  Benefius's  experiments  on  the 
combinations  of  the  chromic  add  with  baryta, 
and  oxide  of  lead,  its  prime  equivalent  seems 
to  be  d.5 ;  consisting  of  3,5  chromium,  and 
3b0  oxygen.     See  CuaomuM. 

It  readily  unites  with  alkalis,  and  is  the 
only  acid  that  has  the  •property  of  colouring 
its  salts,  whence  the  name  chromic  has  been 
given  it. 

Chromate  of  potsah  is  obtained  from  the 
ferriferous  chrome  ore,  by  igniting  it  with 
nitres  as  described  above  By  careful  eva- 
pOTaiion  it  may  be  obtained  in  crystals,  tlie 
usual  form  of  which  is  four-sided  prisms  ter- 
minated by  dihedral  summits,  or  oblique  four- 
fided  prismsb  terminated  by  four-sided  pyra> 
mids.  Tbdr  colour  is  bright  yellow.  Their 
taste  is  cooling  and  disagreeable.  Water  at 
60^  dissolves  about  half  ite  weight  of  this  salt, 
and  boiling  water  much  more.  It  is  insoluble 
in  alcoboL  Its  spedfic  gravity  is  2.6.  Heat 
onuses  the  salt  to  assume  a  transient  red  tint, 
which  passes  into  yellow  on  cooling.  It  con* 
tains  no  water  of  crystallisation.  Its  constitu- 
ents are  chromic  add»6.5,  potash  6,  =3 12.5* 
To  test  chromate  of  potash,  add  a  large  ex- 
cess of  tartaric  add,  which  decomposes  the 
chromic  add,  and  gives  the  whole  the  ame- 
thystine hue  of  tartrate  of  diromium.  If 
the  chromate  has  been  pure,  this  liquid  will 
afford  no  |»«dpitate  with  the  nitrates  of  ba- 
ryta or  silver ;  whence  the  absence  of  muri- 
ate or  sulphate  of  potash  may  be  readily  as* 
ocrtainad.  Nitre  may  be  detected  by  the 
fiimes  of  nitric  add  disengaged  by  pouring  a 
little  sulphuric  add  on  the  nte. 

Bi-clirooiate  of  potash  is  easily  formed,  by 
adding  to  a  saturated  solution  of  the  yellow 
dwomate  some  dilute  nitric  add.  On  beat^ 
ing  the  mixture,  the  orange  predpitate,  which 
ensues  on  the  addition  of  the  nitric  add,  is 
dissolved,  and,  by  slow  cooling,  fine  crystals 
of  bi-duomate  may  be  obtained.  Their  form 
is  that  of  square  tables  with  bevelled  edges,  or 
flat  four-sided  prisms.  Tbey  are  permanent 
in  the  air.  Their  taste  is  metallic  and  bitter. 
Water  at  60^  dissolves  about  one-tenth  of 
this  salt;  but  boiling  water  dissolves  nearly 
half  its  weight.     It  is  not  soluble  in  alcohol. 


Its  sp.  gr.  is  1.98.  It  is  anhydrous.  It. 
consists  of  chromic  add  13,  potadi  6,  sss  19. 
Chromate  of  baryta  is  very  little  soluble. 
Mr  Henry  Stokes  has  described  three  new 
double  chromates,  obtslned  by  adding  diro- 
mate  of  potash  to  sulphate  of  sine,  and  also  to 
sulphate  of  nickel,  and  to  sulphate  of  copper. 
They  all  contain  very  little  chromic  add,  are 
pretty  soluble  in  water,  crystallize  in  tables, 
and  undergo  no  diange  in  tbe  atmosphere. 
In  100  parts  of  the  zinc  salt,  there  are  only 
one^third  of  a  part  of  chromic  add,  and  not 
two  parts  in  100  of  tbe  nickel  salt. 

When  chromic  add  is  melted  with  borax,  or 
its  glass,  or  add  of  phosphorus,  it  communi- 
cates to  it  a  beautiful  emerald-green  colour. 

If  paper  be  impregnated  with  it,  and  ex- 
posed to  the  sun  a  few  days,  it  acquires  a 
green  c<dour,  wtddi  remains  permanent  in  the 
dark. 

ACID  (CHROMO-SULPHURIC).— 
When  chromate  of  baryta  is  treated  with  di- 
lute sulphuric  add  in  excess,  the  liquid,  on 
being  filtered  and  evaporated,  lets  fall  little 
quadrangular  prisms  of  a  deep  red  colour. 
These  crystals,  which  may  also  be  obtained 
by  mingling  chromic  and  sulphuric  acids  in 
a  proper  state  of  concentration,  are  obvioua- 
ly  a  compound  of  the  two  adds  in  atomic 
proportions,  stated  by  M.  Gay  Lussac  at 
130a64  chromic  add,  and  501.16  sulphuric. 
By  our  numbers,  there  are  thus  two  atoms 
of  the  chromic  to  one  of  the  sulphuric  add. 
This  compound  acid  is  deliquescent.  When 
the  alcoholic  solution  is  highly  concentrated 
it  explodes,  while  tbe  chromic  add  is  con- 
verted into  the  green  oxide  of  chrome,  vrith 
the  simultaneous  production  of  a  little  suU 
phuric  ether  and  sweet  oil  of  wine. 

ACID  (CHYAZIC).  See  Acnw  (Hy- 
DBOCYANICand  Fbbbocyanic). 

ACID  (CITRIC).  To  procure  tfaisacid, 
boiling  lemon-juice  is  to  be  saturated  with 
powdered  dialk,  the  weight  of  which  is  to  be 
noted ;  and  the  powder  must  be  stirred  up 
from  the  bottom,  or  tbe  vessel  shaken  from 
time  to  time.  The  neutral  saline  compound 
falls  to  the  bottom,  while  the  mudlage  re*> 
mains  suspoided  in  the  watery  fluid,  which 
must  be  decanted  off*;  the  remaining  predpi- 
tate must  then  be  wadied  with  warm  water 
until  it  comes  off^  clear.  To  the  powder  thus 
edulcorated,  a  quantity  of  sulphuric  add, 
equal  the  chalk  in  wdght,  and  diluted  with 
ten  parts  of  water,  must  be  added,  and  the 
mixture  boiled  a  few  minutes.  The  sulphu- 
ric acid  combines  with  the  earth,  and  forms 
sulphate  of  lime,  which  is  1^  when  the 
cold  liquor  is  filtered,  while  the  disengaged 
add  of  lemons  remains  dissolved  in  the  flukL 
This  last  must  be  evaporated  to  the  consist*- 
ence  of  a  thin  syrup,  which  yields  tbe  pure 
dtric  add  in  little  needle-like  crystals.  It  is 
necessary  that  the  sulphuric  add  should  be 
rather  in  excess,  because  the  presence  of  a 


ACID                            3i  FLUORIC. 

Dr  Thomion,  in  his  dabonte  work  oa  the  liquid  flnoric  add.    *<  In  this  caae^  gas 

the  first  prindples  of  Chemistry,  assigns  1.25  appeared  to  be  produced  from  both  the  ne- 

as  the  prime  equivalent  of  fluoric  add.     He  ^itiTe  and  positive  surfaces ;  but  it  was  pro- 

deducoi  this  number  fipom  the  quantity  of  bably  only  the  undecompounded  add,  reo- 

chloride  of  caldum,  and  of  chloride  of  ba-  dered  gaseous,  which  was  evolved  at  the  pod- 

rium,  to  which  a  oertun  vrdght  of  fiuate  of  tive  surface ;  for  during  the  operation  the 

soda  was  found  to  be  equivalent  in  the  way  fluid  became  very  hot,  and  speedily  diminiah- 

of  double  decomposition.     But  his  fluate  of  ed."-— <<  In  the  course  of  these  invesdgationa 

soda  was  prepared  in  a  very  questionable  I  made  several  attempts  to  detadi  hydrogen 

'  manner  ;-^y  adding  carbonate  of  soda  in  from  the  liquid  fluoric  add,  by  the  agency  of 

small  quantities  to  a  solution  of  carbonate  of  oxygen  and  chlorine.    It  was  not  deoompoeed 

ammonia,  previously  saturated  with  silicated  when  passed  through  a  platina  tube  heated 

fluoric  gas ;  evaporating  the  whole  to  dry-  red-hot  with  chlorine,  nor  by  being  distilW 

ness ;  redissolving  and  evaporating  till  the  from  sdts  contuning  abundance  of  oxygen, 

fluate  of   soda  crystallized   in  transparent  or  those  contuning  abundance  of  chlorine." 

crusts.    •  As  a  fluosilicate  of  ammonia  exists,  The  marvellous  activity  of  fluoric  add  may 

possibly  some  of  thu  may  have  been  formed,  be  inferred  from  the  foUovring  Temarks  of 

of  which  some  silica  might  remain  associated  Sir  H.  Davy^  from  which  also  may  be  esti- 

'with  his  soda.     Nor  does  his  fluate  of  soda  mated  in  some  measure,  the  prodigious  diflif- 

correspond  in  character  to  the  description  of  -culty  attending  refined  investigations  on  this 

this  salt  direcdy  formed  by  Berzelius,  by  sa-  extnordinary  substance, 

turating  carbonate  of  soda  with  pure  fluoric  <*  I  undertook  the  experiment  of  dectris- 

add.     By  spontaneous  evaporation,  fluate  of  ing  pure  liquid  fluoric  add  with  considerable 

'  soda  is,  obtuned  in  transparent  cubes,  or  re-  interest,  as  it  seemed  to  offer  the  most  probar 

gular  octahedrons;   by  heat,  in  groups  of  ble  method  of  ascertdning  its  real  nature; 

small  cubical  grains.     It  contains  no  water  but  condderable  difficulties  occurred  in  exe- 

of  crystallization,  and  is  more  difficult  of  cuting  the  process.     Ihe  liquid  fluoric  add 

fusion  by  heat  than  glass.     At  the  tempera-  immediately  destroys  glass,  and  all  animal 

ture  of  60^  F.  100  parts  of  water  dissolve  and  vegetable  substances;   it  acts  on  all 

only  4^  8  parts  of  it;  and  at  the  bdling  pdnt  bodies  contdning  metallic  oxides;  and  I 

only  4.3.     Dr  Thomson  says,  that  he  dis-  know  of  no  substances  which  are  not  rapidly 

solved  6.25  grdns  of  his  sidt  (white  crusts,  dissolved  or  decomposed  by  it,  accept  metals, 

fr-eed  by  ignition  from  thdr  water  of  crysUU-  charcoal,  phoq[»horus,  sulphur,  and  certain 

Szation)  in  a  UtUe  water.    From  the  mode  of  combinations  of  chlorine.     I  attempted  to 

preparing  his  primary  sdt,  from  its  appear-  make  tubes  of  sulphur,  of  muriates  of  lead, 

ance^  and  from  the  defect  in  the  process  of  and  of  copper  contdning  metallic  wires,  by 

double  decomposition  for  forming  pure  fluate  which  it  might  be  dectrized,  but  without  suc- 

of  lime,  Dr  Thomson's  atomic  number  seems  cess.    I  succeeded,  however,  in  boring  a  piece 

entitled  to  little  confidence.  of  horn  diver,  in  such  a  manner  that  I  was 

Fluoric  add  may  dtfaer  be  regarded  as  a  able  to  cement  a  pUtioa  wire  into  it  by  means 

compound  of  oxygen  with  an  unknown  base  of  a  spirit  lamp ;  and  by  inverting  this  in  a 


to  be  cdled  fluor ;  or  of  hydrogen  with  an  tray  of  platina,  filled  with  liquid  fluoric 

electro-n^^tive  element  to  be  cdled  fluorine.  I  contrived  to  submit  the  fluid  to  the  agency 

If  fluor-spar  condst  of  lime  associated  with  of  dectridty  in  such  a  manner,  that,  in  aoo- 

an  oxygen  add,  then  this  will  contdn  one  cesdve  experiments,  it  vras  possible  to  collect 

prime  proportion  of  oxygen  ss  1,  combined  any  elastic  fluid  that  might  be  produced, 

with  one  prime  of  fluor  =  0.357.     Were  Operating  in  this  way  with  a  yery  vreak  voU 

this  latter  number  0.375,  to  which  it  ap-  tdc  power,  and  keeping  tlie  apparatus  cool 

proaches,  it  would  equal  the  wdght  of  three  by  a  freedng  mixture,  I  ascertained  that  the 

atoms  of  hydrogen.      But  if  fluor-spar  be  platina  wire  at  the  podtiye  pole  rapidly  cor- 

truly  a  fluoride  of  cdcium,  then,  frvnn  its  roded,  and  became  covered  with  a  chocolate 

prime  equivalent  4.857,  we  deduct  the  prime  powder ;  gaseous  matter  separated  at  the  ne- 

equivdent  of  cdcium  2.5,  and  the  remdnder  gative  pole,  which  I  could  never  obtain  in 

2.357  will  be  the  prime  of  fluorine,  a  number  suffidentquantities  to  andyze  with  accuracy, 

nearly  19  times  that  of  hydrogen.  but  it  inflamed  like  hydrogen.     No  other  in- 

From  the  remarkable  property  possessed  by  *flammable  matter  was  produced  when  the 

fluoric  acid  of  dissolving  dlica,  it  has  been  add  was  pure."     M.  Kuhlmann  transmitted 

employed  for  etching  on  glass,  botli  in  the  anhydrous  sulphuric  add  in  vapour,  over 

gaseous  state  and  combined  with  water.    The  ignited  fluor-spar  contdned  in  a  platinum 

glass  is  previously  coated  with  white  bees'  tube,  but  no  change  ensued.     The  acid  was 

wax ;  on  which  the  figures  are  traced  with  a  recondensed  in  part  in  the  farthest  tube,  and 

sharp  pomt.  no  trace  of  fluoric  acid  was  perceptible. 

With  the  view  of  separating  its  hydrogen.  But  when  a  little  water  vras  added  to  the 

Sir  H.  Davy  applied  the  power  of  the  great  sulphuric  add,  the  fluoric  was  instantly  dis- 

vdtdc  batteries  of  the  Royal  Institution  to  engaged  frtnn  the  spar. 


ACID                            36  FLU08ILICIC. 

Hit  nm^  chemist  dflcbmposed  fluorspar  4)f  soda  mehi  with  more  difliciilty  than  gUn. 

by  tmnmittnig  dry  muriatic  add  gas  over  it  100  parts  of  water  at  6(F  F.  dissoWe  4.8  of 

ignited  io  a  tubc^     Chloride  of  lime  remain*  it;  and  at  the  boiling  point  only  4i.3* 

ed  in  the  tulw,  and  pure  bTdrofluorie  gas  AcidfiuaU  of  ammonia  fonns  small  gra- 

came  over.     100  parts  of  the  fluoride  of  nular  crystals,  which  deliquesce. 

cahaum   (fluor-spar),  thus  treated,  became  JVrtc/m/^iMfe  of  oinmoMia  is  more  volatile 

143.417  parts  of  chloride  of  caldum,  con-  than  sal  ammoniac.     It  is  easily  obtained  by 

sisting  of  52.819  parts  of  caldum,  (present  heating  one  part  of  dry  sal  ammoniac  with  a 

in  100  of  fluor-spar),  united  to  90.598  of  little  more  than  two  parts  of  fluate  of  soda, 

chlorine).      But  this  latter  quantity  must  in  a  crudble  of  platinum  with  its  lid  turned 

have  liberated  2.51 1  parts  of  hydrogen,  says  upwards.     Into  this  lid  a  little  cold  water  is 

fiC.  Kuhlmanuy  which  must  therefore  have  put,  while  the  bottom  of  the  crudble  is  heat- 


with  the  47.181  parts  of  fluorine     ed  with  a  spirit  of  wine  lamp.    The  fluate  of 
in  the  qiar,  to  form  49.692  parts  of  hydro-     ammonia  thus  sublimes  perfectly  pure  in  a 


fluoric  add.      This  must  consist  then  of  mass  of  small  prismatic  crystals.    It  fuses  be- 

94^941  parts  of  fluorine,  and  5.069  hydro-  fore  subliming,  and  acts  on  glass  even  in  its 

gen,  in  100.  dry  states  and  at  ordinary  temperatures. 

The  salts  formed  by  fluoric  add  and  se-  The  earthy  fluates  are  best  prepared  by 

versl  bases,  have  been  lately  examined  by  M«  digesting  thdr  recently  predpitated   moist 

Berselius  with  his  accustomed  predsicm.  carbonates  in  an  excess  of  fluoric  add.    That 

Smperjluate  of  poiath.  Hiis  add  fluate  is  of  baryta  is  slightly  soluble  in  water,  and 
obtained  by  mixing  vrith  the  add  a  quantity  of  readily  in  muriatic  acid, 
potash,  insttflident  to  saturate  it  On  con-  ACID  (FLUOSILICIC).  If  instead  of 
centrating  the  solution,  a  little  of  the  redun-  bdng  distilled  in  metallic  vessels,  the  mixture 
dant  add  flies  off*,  but  the  greater  part  re-  of  fluor-spar  and  oil  of  vitriol  be  distilled  in 
mains  and  crystallixes  with  the  alkali.  This  glass  vessels,  little  of  the  corrosive  liquid  will 
aalt,  when  horted,  fuses,  and  leaves  74.9  per  be  obtained ;  but  the  glass  will  be  acted  upon, 
cent  of  neutral  fluate^  while  fumes  of  fluoric  and  a  peculiar  gaseous  substance  will  be  pro- 
add  are.  volatilized.  Berselius  regards  the  duced,  which  must  be  collected  over  mercury. 
ahove  add  salt  as  composed  of  an  atom  of  llie  best  mode  of  procuring  this  gaseous  body 
fluate  of  potash,  and  an  atom  of  hydiated  is  to  mix  the  fluor-spar  with  pounded  glass  or 
fluoric  add*  quartz ;  and  in  this  case,  the  glass  retort  may 

Fluate  ofpotath  is  prepared  by  saturating^  be  preserved  from  corrosion,  and  the  gas  ob- 

imperfectly,  fluoric  acid  with  carbonate  of  tained  in  greater  quantities.    This  gas,  which 

potsah,  evaporating  and  heating  so  as  to  expd  is  called  silicated  fluoric  gas,  is  possessed  of 

the  excess  of  add.     It  has  a  sharp  saline  very  extraordinary  properties. 

tasie^  is  very  alkaline^  and  deliquesces  in  the  It  is  very  heavy ;  100  cubic  inches  of  it 

air.     It  crystallizes  very  difficultly  in  water,  weigh  1 10.77  gr. ;  and  hence  its  sp.  gr.  is  to 

and  then  forms  cubes  or  rectangular  prisms,  that  of  air  as  3.638  is  to  I.OOO.     It  is  about 

with  stair-iike  scales,  similar  to  common  salt  48  times  denser  than    hydrogen.      When 

^ddfluait  ofioda.     This  salt  is  little  so-  brought  into  contact  with  water,  it  instantly 

luUe  in  odd  water.     By  a  slow  spontaneous  deposits  a  white  gelatinous  substance,  which 

evi^Miration  it  affords  rfaomboidal  crystals,  is  hydrate  of  silica ;  it  produces  white  fumes 

having  a  sharp  taste^  and  distinctly  add.  when  suffered  to  pass  into  the  atmosphere.    It 

Heat  aeparatea  the  fluoric  add  in  a  concen-  is  not  affected  by  any  of  the  common  com- 

trated  states  without  changing  the  form  of  bustible  bodies;    but    when    potasnum    is 

the  crystals,  and  68^  1  per  cent  of  neutral  strongly  heated  in  it,  it  takes  Are  and  bums 

fluate  remain.     Berselius  coosiders  this  salt  with  a  deep  red  light ;  the  gas  is  absorbed,  and 

to  be  a  compound  of  an  atom  of  fluate  of  a  fawn-coloured  substance  is  formed,  which 

soda,  and  an  atom  of  hydrated  fluoric  add.  yields  alkali  to  water  with  slight  effervescence^ 

NewUralfiuate  of  soda.  Thu  salt  may  be  and  contains  a  combustible  body.  The  wash- 
obtained  directly  nom  fluoric  add  and  car-  ings  afford  potash,  and  a  salt,  from  which  the 
bonate  of  soda,  or  by  decomposing  100  parts  strong  add  fluid  previously  described  may  be 
of  the  double  fluate  of  soda  and  silica,  by  1 12  separated  by  sulphuric  add. 
parts  of  dried  carbonate  of  soda.  When  the  Hie  gas  formed  by  the  action  of  liquid 
aalt  is  pure,  and  left  to  spontaneous  evapora-  sulphuric  add  on  a  mixture  containing  sDica 
tion,  it  affords  transparent  cubes  of  r^^lar  and  fluor-spar,  the  silicated  fluoric  gas  or  fluo- 
octahedrons,  which  often  present  a  pearly  silicic  add,  may  be  regarded  as  a  compound 
lustre,  Octahedrons  are  always  obtained  of  fluoric  add  and  silica.  It  affords,  when 
when  the  solution  contains  some  carbonate  decomposed  by  solution  ofamroonia,  6 1.4  per 
of  soda,  but  on  the  contrary,  groups  of  small  cent  of  silica ;  and  hence  was  at  first  sup- 
cubic  grains  when  the  evaporation  is  pro-  posed  by  Sir  H.  Davy  to  consist  of  two  prime 
duced  by  elevation  of  temperature.  The  proportions  ofadd  =  2.652,  and  one  of  silica 
fluates  of  potash  and  soda  are  iaomorphous  s=r  4.066,  the  sum  of  which  numbers  might 
with  the  muriates  of  the  same  basest    Fluate  represent  its  equivalent  ^  6.718.      One 
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Toliime  of  it  condenses  two  volumes. of  am- 
monia, and  they  form  togeCber  a  peculiar 
saline  substance,  which  is  decomposed  by 
water.  The  composition  of  thi»  salt  is  easily 
reconciled  to  the  numbers  given  as  represents 
ing  ulica  and  fluoric  acid,  on  the  supposition 
that  it  contains  one  prime  of  ammonia  to  one 
of  the  fluosilicic  gas ;  for  200  cubic  indies  of 
ammonia  weigh  36.2  gr.  and  100  of  the  add 
gas  1 10.77.  Now  36.2  :  2.125  : :  Iia77  : 
6.5024. 

Dr  John  Davy  obtained,  by  exposing  that 

gas  to  the  action  of  water,  ^'aVo  of  its  weight 
of  silica;  and  from  the  action  of  water  of 
ammonia  he  separated  rVoV  of  its  weight. 
Hence  100  cubic  inches  consist  by  weight  of 
68  silica  and  42  of  unknown  fluoric  matter, 
the  gas  which  holds  the  silica  in  solution.  Sir 
H.  Davy,  however,  latterly,  concdves  that 
this  gas  is  a  compound  of  the  bases  of  silica, 
or  silicon,  with  fluorine,  the  supposed  basis  of 
fluoric  acid. 

Benelius,  in  his  late  elaborate  researches  on 
the  fluoric  combinations,  (^nnales  de  Chim* 
et  de  Phy$,  xzvii.  289.),  says  that  the  silicated 
fluoric  acid  should  be  regarded  as  nothing  else 
than  fluate  of  dlica,  for  it  is  only  with  the 
neutral  fluates  that  it  can  unite  without  suf* 
fering  decomposition ;  and  that  when  a  portion 
of  silica  has  been  separated  from  it,  it  can  be 
replaced  only  by  an  alkali,  an  oxide,  or  water. 
When  he  put  iilicated  fluoric  gas  in  contact 
with  carbonate  of  potash  or  soda,  reduced  to  a 
very  fine  powder,  there  was  no  more  of  it  ab- 
sorbed than  what  might  be  ascribed  to  mois- 
tuxe  contained  in  the  carbonate ;  and  the  salt, 
after  exposure  to  the  gas  for  several  days,  had 
absorbed  but  an  extremely  small  portion  of  it. 
Hie  same  result  is  observed  with  pure  lime 
and  the  bicarbonate  of  potash.  But  the  gas 
is  very  easily  absorbed  when  exposed,  even 
without  moisture,  to  a  finely  pulverized  fluate^ 
other  with  an  alkaline^  earthy,  or  metallic 
base.  At  the  end  of  a  few  hours,  the  fluate 
is  completely  satuiated  with  the  gas ;  showing 
that  the  portion  oi  fluoric  acid  and  silica  ab- 
sorbed, has  no  need  of  any  new  base  for  its 
saturation.  This  simple  fact  shows  that  the 
pretended  fluosilicates,  instead  of  being  com- 
binations of  a  fluate  with  a  silicate,  are 
rather  combinations  of  fluate  of  silica  with 
fluates  of  the  other  bases.  M.  Berzelius 
infiers  from  his  experiments,  that  fluate  of 
silica  is  finrmed  of  100  parts  fluoric  arid, 
and  144b  5  silica.  Water  separates  one-third 
of  this  silica. 

ACID  (FLUOBORIC).  If,  instead  of 
glass  or  dlica,  the  fluor-spar  be  mixed  with  dry 
vitreous  boradc  add,  and  distilled  in  a  glass 
vesel  with  sulphuric  acid,  the  proportions  be- 
ing one  part  boradc  acfd,  two  fluor-spar,  and 
twelve  oil  of  vitrid,,  the  gaseous  substance 
formed  u  of  a  difierent  kind,  and  is  called  the 
fluoboric  gas.  TOO  cubic  inches  of  it  we^h 
73b  5  gr.  according  to  Sir  H.  Davy,  which 


*Biak«8  its  density  be  to  that  of  air  as  S.4I  is 
to  1.00 ;  but  Dr  John  Davy  states  its  density 
to  that  of  air  as  2.371  to  1.000.  It  is 
colourless;  its  smdl  is  pungent,  and  resem^ 
bles  that  of  muriatic  arid;  it  cannot  be 
breathed  without  suffocation ;  it  extinguishes 
combustion;  and  reddens  strongly  the  tincture 
of  turnsole.  It  has  no  manner  of  action  on 
glass,  but  a  very  powerful  one  on  v^etable 
and  animal  matter :  it  attacks  them  with  as 
much  force  as  concentrated  sulphuric  add, 
and  appears  to  operate  on  these  bodies  by 
the  production  of  water ;  for  while  it  carbo- 
nizes them,  or  evolves  carbon,  they  may  be 
touched  without  any  risk  of  burning.  Ex- 
posed to  a  high  temperature,  it  is  not  decom- 
posed; it  is  condensed  by  cold  without 
changing  its  form.  When  it  is  put  in  contact 
with  oxygen,  or  air,  either  at  a  high  or  low 
temperature,  it  experiences  no  change^  except 
sdzing,  at  ordinary  temperatures,  the  moisture 
which  these  gases  contain.  It  becomes  in 
consequence  a  liquid  which  emits  extremely 
dense  vapours.  It  operates  in  the  same  way 
with  aU  the  gases  whidi  contain  hygrometric 
water.  However  little  they  may  contain,  it 
occasions  in  them  very  perceptible  vapours. 
It  may  hence  be  employed  with  advantage  to 
show  whether  or  not  a  gas  containa  moisture. 

No  combustible  body,  simple  er  compound, 
attacks  fluoboric  gas,  if  we  except  the  alkaline 
metals.  Potassium  and.  sodium,  with  the  aid 
of  heat,  bum  in  this  gas  almost  as  brilliantly 
as  in  oxygen.  Boron  and  fluate  of  potash 
are  the  products  of  this  decomposition.  It 
might  hence  be  inferred,  that  the  metal  sdzes 
the  oxygen  of  the  boradc  add,  sets  the  boron 
at  liberty,  and  is  itself  oxidized  and  com- 
bined with  the  fluoric  add.  According  to 
Sir  H.  Davy*s  views,  the  fluoboric  gas  being 
a  compound  of  fluorine  and  boron,  the  pot- 
assium unites  to  tiie  former,  giving  rise  to 
the  fluoride  of  potassium,  while  the  boron  re- 
mains disengaged. 

Fluoboric  gas  is  very  soluble  in  water.  Dr 
John  Davy  says,  water  can  combine  with  700 
times  its  own  volume,  or  twice  its  wdght  at 
the  ordinary  temperature  and  pressure  of  the 
air.  The  Uquid  has  a  spedfic  gravity  of 
1.770.  If  a  bottie  containing  this  gas  be 
uncorked  under  water,  the  liquid  will  rush  in 
and  fill  it  with  explosive  violence.  Water 
saturated  with  this  gas  is  limpid,,  fuming,  and 
very  caustic.^  By  beat  about  one-fifth  of  the 
absorbed  gas  may  be  expelled;  but  it  is  im- 
possible to  abstract  more.  It  tlien  resembles 
concentrated  sulphuric  acid,  and  boils  at  a 
temperature  considerably  above  212^.  It 
afterwards  condenses  altogether,  in  striiti  al- 
though it  contains  still  a  very  lai^  quantity 
of  gas.  It  unites  with  the  bases,  forming 
salts  caUed  fluoborates,  none  of  which  has 
been  applied  to  any  use.  Hie  most  impoiw 
tant  will  be  stated  under  the  artide  Salt. 

The  2d  port  of  the  FhiL  Transactions  fo* 
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161S»  MOtains  an  ezoeUent  ptper  by  Dr  John 
Ihirj  tm  fluosOicic  and  fluoboric  gases,  and 
thecambinations  of  the  latter  with  annnoniacal 
gai»     When  united  in  equal  v(dumes»  a  pul- 
verulent salt  is  formed ;  a  second  Tolume  of 
ammonia,  however,  g^vea  a  liquid  compound ; 
and  a  third  of  ammonia,  which  is  the  limit  of 
comliination,  afibrda  still  a  liquid;  both  of 
them  curious  oh  many  accounts.     "  They 
are^*'  aays  he^  «  the  first  salts  that  have  been 
obaerved  liquid  at  the  common  temperature 
4if  the  atmosphere.     And  they  are  additional 
Acts  in  sui^Mnt  cf  the  doctrine  of  definite 
proportions,  and  of  the  relation  of  volumes." 
ACID  (FLUOTANTALIC).      Hiis 
add  is  prepared  in  a  similar  way  to  the  fol- 
lowing ;  and  forms,  with  tiie  bases,  salts  call- 
hdjiuotanialates. 

ACID  (FLUOTITANIC).  When  fluo- 
ric  add  is  poured  on  titanic  acid,  the  latter 
becomes  warm,  even  after  having  been  preri- 
ously  ignited,  and  dissolves  completely  with 
Che  aid  of  heat  Evaporated  at  a  gentle  heat 
to  the  consistence  of  syrup,  the  s^ution  a£- 
Ibrds  crystals,  which  do  not  redissolve  com- 
pletely in  water,  but  which  are  decomposed 
into  two  peculiar  combinations,  of  which  one 
is  addukius  and  soluble,  and  the  other  with 
«ices8  of  base  is  insoluble.  Tlie  solution  of 
die  former,  namely  of  the  fiuotitanic  add,  in 
water,  is  malogous  to  the  liquid  fluosilidc 
add ;  it  contains  fiuotitanic  add,  and  fluoric 
add  combined  with  water.  Hie  water  may 
be  replaced  by  other  bases,  and  in  this  way 
may  be  formed  a  series  of  salts  which  M.  Ber- 
adius  calls  fiuolUanaUs.  The  fiuoHlanate 
qf  potash  crystallises  in  brilliant  scales  like 
bondc  add,  which  redissolve  in  water  with- 
out decompositioD.  It  consists  in  100  parts 
4if  potash  3S,7,  titanic  add  3S^  and  fluoric 
acid2aa 

ACID  (FORMIC).  To  procure  pure 
formic  acid,  Gehloi  saturates  the  expressed 
liquor  of  ants  with  subcarbonate  of  potash, 
pours  into  the  compound  sulphated  peroxide 
•of  iron,  filters,  evaporates  to  the  consistence 
of  syrup,  and  distils  in  a  glass  retort,  with  a 
suflident  quantity  of  sulphuric  add.  The 
product  which  passes  into  the  recdver  is  very 
sour,  and  without  any  perceptible  odour  oif 
sulphurous  add.  He  then  puts  it  in  contact 
irith  carbonate  of  copper,  evaporates  the  so- 
lution, and  procures  fine  blue  crystals,  which 
he  considers  as  formiate  of  copper.  From 
this  be  extracts  the  pure  and  the  most  con- 
centrated add  possible,  by  decomposing  the 
salt  irith  two-thirds  of  its  wdgbt  of  sulphuric 
add,  aided  by  heat,  distilling  it  into  a  re- 
ceiver, and  rectifying  by  a  second  distillation. 
From  thirteen  ounces  of  formiate  thus  treated, 
he  obtained  more  than  six  ounces  and  a  half 
of  pure  formic  add. 

Hns  add  baa  a  very  sour  taste^  and  con- 
tinues liquid  even  at  very  low  temperatures. 
Itsspedfic  gravity  is  1.1 168  at  e^,  which  is 


much  denser  than  acetic  add  ever  is.  Berze^ 
lius  finds,  that  the  formiate  of  lead  consists  of 
,  4k696  add,  and  14  oxide  of  lead;  and  that 
the  ultimate  constituents  of  the  drj  add  are 
hydrogen  2.84  4-  carbon  32.40  4-  oxygen 
64.76  =100. 

M.    Dobereiner  has  recently  succeeded 
(See  Gilbert's  Annales,  xi.  107.)  in  forming 
this  add  artifidally.    When  a  mixture  of  tar- 
taric add,  or  of  cream  of  tartar,  black  oxide 
of  manganese  and  water,  is  heated,  a  tumul- 
tuous action  ensues,  carbonic  add  is  evolved, 
and  a  liquid  acid  distils  over,  which,  on  su- 
perficial examination,  was  mbtaken  for  acetic 
add,  but  which  now  proves  to  be  formic  acid. 
This  add,  mixed  with  concentrated  sulphuric 
acid,  is  at  common  temperatures  converted 
into  water  and  carbonic  oxide ;  nitrate  of  sil- 
ver or  of  mercury  converts  it,  when  gently 
heated,  into  carbonic  acid,  the  oxides  bdng 
at  the  same  time  reduced  to  the  metallic 
state.     With  baryta,  oxide  of  lead,  and  oxide 
of  copper,  it  produces  compounds  having  all 
the  properties  of  the  genuine  formiates  of 
these  metals.     If  a  portion  of  sulphuric  add 
be  employed  in  the  above  process,  the  tartaric 
add  is  resolved  entirely  into  carbonic  acid, 
water,  and  formic  acid ;  and  the  product  of 
the  latter  is  much  increased.     The  best  pro- 
portions are,  two  parts  tartaric  add,  five  per- 
oxide of  manganese,  and  five  sulphuric  add 
diluted  with  about  twice  its  weight  of  water. 
M.   Doberdner  finds,  that  when  formic 
add  is  decomposed  by  sulphuric  acid,  it  b 
resolved  into  24.3  water,  and  75.7  carbonic 
oxide,  in  100  parts ;  or  of  one  volume  of 
vapour  of  water,  and  two  volumes  carbonic 
oxide  gas ;  or  two  atoms  carbon,  three  oxy- 
gen, and  one  hydrogen. 

ACID  (FULMINIC).     Put  aS  parts 
of  nitric  add,  sp.  gravity  1.36  or  1.38,  into 
a  pint  matras,  and  a  piece  of  coin  contain- 
ing nearly  35  parts  of  pure  silver.     Pour 
the  resulting  solution  into  about  927  parte 
of  strong  alcohol,  and  heat  to  ebullition. 
On  the  appearance  of  turbidness,   remove 
from  the  fire,  and  add  by  degrees  an  equal 
quantity  of  alcohol  to  the  solution,  in  order  to 
moderate  tlie  ebullition,  and  to  cool  it     Fil- 
ter it  when  cold,  and  wash  away  the  whole 
free  add.    The  fulminate  of  silver  is  now  pure 
and  white  as  snow.     Dry  it  in  a  steam  heat 
for  two  or  tiiree  hours,  after  which  it  will  be 
found  to  equal  in  wdght  the  silver  employed. 
A  slight  blow  between  hard  bodies  explodes 
it     It  may  be  analyzed  by  nibbing  it  with 
the  finger  with  forty  times  ite  wdght  of  per- 
oxide of  copper,  and  igniting  the  mixture  in 
a  glass  tube.     100  parts  of  it,  analyzed  in 
this  way,  afforded  77.528  of  oxide  of  silver. 
The  add  associated  with  this  oxide  is  the  cy- 
anic.    Hence  the  ultimate  constituents  are, 
in  100  parts,  silver  72.187,  oxygen  5.341, 
C3ranogen  17.16,  oxygen  (combined  with  the 
silver)  5.312.     It  consists,  therefore,  of  one 
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and  thoracic  organs.  It  was  bat  aUf^y 
penrepUble  in  the  ttomach,  which  contained 
nothing  but  mucus ;  but  on  cutting  the  or- 
gan in  pieces,  it  was  dereloped*  The  sto- 
mach was  cut  into  pieces  under  water,  and 
distilled  with  the  water.  When  about  an 
eighth  of  the  liquid  had  passed  over,  it  was 
mixed  with  potash  and  persulphate  of  iron, 
and  soon  gave  a  feeble  blue  tint,  leaving  no 
doubt  of  the  presence  of  hydrocyanic  acid. 
The  test  by  copper  gave  it  still  more  sensi- 
bly. The  copper  detected  prussic  acid  also 
in  the  intestines ;  but  the  persulphate  of  iron 
did  noL  Aqueous  chlorine  has  been  found  to 
be  an  antidote  to  the  pcnaon  of  prussic  acid. 

Having  been  consulted  by  physicians  and 
apothecaries  concerning  the  strength  of  the 
dilute  hydrocyanic  acid  employed  in  medi- 
cine, I  instituted  a  series  of  experiments,  to 
determine  the  relation  between  its  specific 
gravity  and  quantity  of  real  add.  The  add 
which  I  prepared  with  this  view  had  a  q>eci* 
fie  gravity  s=  0.957. 

Hie  following  table  comprehends 
results. 


Quaaaty  of  above 
Liquid  Add. 

RmlAdd 
percent 

100.0 

0,9570 

16 

66.6 

0.9768 

10.6 

57.0 

0.9815 

9.1 

50.0 

0.9840 

8.0 

44^4 

0.9870 

7.3 

40.0 

0.9890 

6.4 

36.4 

0.9900 

5.8 

3a3 

0.9914 

5.3 

30.8 

0.9923 

5.0 

28.6 

0.9930 

4.6 

25.0 

0.9940 

4.0 

22.8 

0.9945 

3.6 

20.0 

0.9952 

3.2 

ia2 

0.9958    . 

ao 

16.6 

0.9964 

2.7 

15.4 

a9967 

2.5 

14.3 

0.9970 

2.3 

13.3 

0.9973 

2.1 

12.5 

0.9974 

2.0 

11.8 

0.9975 

1.77 

10.5 

0.9978 

1.68 

10.0 

0.9979 

1.60 

-  From  the  preceding  table  it  is  obvious, 
that  for  add  of  spedfic  gravity  0.996  or 
0.997,  such  as  is  usually  prescribed  in  medi- 
dne,  the  density  is  a  criterion  of  greater 
nicety  than  can  be  convenientiy  used  by  the 
majority  of  practitioners.  In  fact,  the  liquid 
at  0.996  contains  about  double  the  quantity 
of  real  add  which  it  does  at  0.998.  It  is 
therefore  desirable  to  have  another  test  of  the 
strength  of  this  powerful  and  dangerous  me- 
didne,  which  shall  be  easier  in  use,  and  more 
ddicate  in  its  indications.  Such  a  test  is 
afforded  by  the  red  oxide  of  mercury,  the 
common  red  predpitate  of  the  shops.     The 


prima  equivalent  of  prussic  add  is  ekacdy 

ono^eighth  of  that  of  the  mercurial  peroxide* 
But  as  the  prussiate  of  mercury  consists  of 
two  primes  of  add  to  one  of  base,  or  is,  in 
its  dry  crystalline  state,  a  bicyanide,  we  have 
the  relation  of  one  to  four  in  the  formation 
of  that  salt,  when  we  act  en  the  peroxide 
with  cold  pnudc  add.  Hence  we  derive 
the  following  simple  rule  of  analyaia.  -  To 
100  grains,  or  any  other  convenient  quantity 
of  the  acid,  omtained  in  a  small  phial,  add 
in  succession  small  quantities  of  the  peroxide 
of  mercury  in  fine  powder,  till  it  ceases  to  be 
diasolved  on  agitation.  The  wdght  of  the 
red  precipitate  taken  up  being  divided  by 
four,  gives  a  quotient  representing  the  quan- 
tity of  real  prussic  add  present.  By  wdgh- 
ing  out  beforehand,  on  a  piece  of  paper  or 
a  watch-pglass,  forty  or  fiily  grains  of  the 
peroxide,  the  residual  weight  of  it  shows  at 
ooce  the  quantity  expended. 

The  operation  may  be  always  oom[deted 
in  five  minutes,  for  the  red  predpitate  dis- 
solves as  rapidly  in  the  dilute  prussic  add, 
with  the  aid  of  slight  agitation,  as  sugar  dis- 
solves in  water.  Should  the  presence  of  mu^ 
riatic  add  be  suspected,  then  the  sped^c  gra- 
vity of  the  b'quid  bdng  compared  with  the 
numbers  in  the  above  tsble,  and  with  the 
weight  of  peroxide  dissolved,  will  show  how 
far  the  suspicion  is  well  founded.  Hius, 
if  100  grains  of  add,  sped6c  grarity  0.996» 
dissolve  more  than  12  gndns  of  the  red  pre- 
dpitate, we  may  be  sure  that  the  liquid  haa 
been  contsminated  with  muriatic  add«  Ni- 
trate of  silver,  in  common  cases  so  valuable 
a  reagent  for  muriatic  add,  is  unfiirtunately 
of  little  use  here ;  for  it  gives  with  prussic 
add  a  flocculent  white  predpitste,  soluble  in 
water  of  ammonia,  and  insoluble  in  nitric 
add,  which  may  be  easily  mistaken  by  com* 
mon  observers  for  the  chloride  of  that  metaL 
But  the  difference  in  the  volatility  of  pnia- 
aiate  and  muriate  of  ammonia  may  be  had 
recourse  to  with  advantage ;  the  former  ex- 
haling at  a  very  gentie  heat,  the  latter  requir- 
ing a  subliming  temperature  of  about  300^ 
Fahrenhdt.  After  adding  ammonia  in  slight 
excess  to  the  prussic  add,  if  we  evaporate  to 
dryness  at  a  heat  of  212^,  we  may  infer  from 
the  residuary  sal  ammoniac  the  quantity  of 
muriatic  add  present . 

Tlie  preceding  table  is  the  result  of  experi- 
ments which  I  made  some  time  ago  at  Glas- 
gow. I  have  latdy  verified  its  accuracy  by 
experiments  made  at  the  Apothecaries*  Hall, 
London,  on  thdr  pure  prussic  add.  100 
grains  of  the  bicyanide  of  mercury  requirs 
for  their  conversion  into  bichloride  (corrosive 
sublimate),  28.56  grains  of  chlorine^  a  quan- 
tity to  be  found  in  100  grains  of  muriatic 
add,  spedfic  grarity  1.14^2.  And  as  100 
gndns  of  the  bicyanide  afford  20.6  of  real 
prussic  add,  they  will  Aimish,  by  careful  dis- 
tillation on  a  vrotar  bath,  a  quantity  of  liquid 
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acid»  eqatnleot  to  700  grains  of  tfie  medici-  prussiate  of  potash  and  iron.    In  illustration 

nal  stxcngCh  0.996L     By  consulting  my  table  of  this  view,  he  prepared  a  hydrocyauate  of 

of  muriatic  acid,  published  in  this  Diction-  potash  and  silver,  which  was  quite  neutral, 

mrjt  the  quantity  of  it  at  any  density,  neces-  and  which  crystallized  in  hexagonal  plates. 

saiyibrdecompasing  the  above  cyanide,  will  The  solution  of  these  crystals  precipitates 

be  iniHiediately  found ;    bearing  •  in  mind,  salts  of  iron  and  copper  white.      Muriate 

that  31.5  SB  the  prime  equivalent  of  the  salt,  of  ammonia  does  not  render  it  turbid ;  but 

carrespoods  to  9  of  chlorine.  muriatic  acid,  by  disengaging  hydrocyanic 

Sdieele  found  that  pruasic  acid  occasioned  acid,  precipitates  chloride  of  silver.    Sulphu- 

pfccipitaties  with  only  the  following  three  retted  hydn^n  produces  in  it  an  analogous 

metallic  aolutions;   nitrates  of  silver,   and  change.      This  compound,    says   M.    Gay 

mereury,  and  carbonate  of  silver.     The  first  Lussac,  is  evidently  the  triple  hydrocyauate 

is  white,  the  second  black,  the  third  green,  of  potash   and  silver ;    and  its    formation 

becoming  blue.  ought  to  be  analogous  to  that  of  the  other 

Hie  hydiocyanates  are  all  alkaline,  even  triple  hydrocyanates.     "  And  as  we  cannot 

when  A  gnat  excess  of  add  is  employed  in  doubt,"   adds  he,   "  that  hydrocyanate  of 

their  fonnation ;  and  they  are  decomposed  by  potash  and  silver  is  in  reality,  from  the  mode 

the  weakest  adds.  ^  its  formation,  a  compound  of  cyanide  of 

The  hydrocyanate  of  ammonia  crystallizes  silver  and  hydrocyanate  of  potash,  I  conceive 

in  cubes,  in  ff«"*ll  prisms  crossing  each  other,  tliat  the  hydrocyanate  of  potash  and  iron  is 

or  in  feathery  crystals,  like  the  leaves  of  a  likewise  a  compound  of  neutral   hydrocy- 

fan.     Ita  volatility  is  such,  that  at  the  tem^  anate  of  potash,   and  subcyanide  oif  iron, 

pe»tare  of  71^°  it  is  capable  of  bearing  a  which  I  believe  to  be  combined  with  hydro- 

pRssureoff  17.72  inches  of  mercury;  and  at*  cyanic  acid  in  the  white  predpitate.     We 

970  jis  elaatidty  is  equal  to  that  of  the  atmo-  nuiy  obtain  it  perfectly  neutral,  and  then  it 

sphoe.    Unfortunately  this  salt  is  charred  does  not  decompose  alum;  but  the  hydro- 

and  decomposed  with  extreme  iadlity.     Ita  cyanate  of  potash,  which  is  always  alkaline, 

great  volatility  prevented  M.  Gay  Lussac  produces  in  it  a  light  and  flocculent  pred- 

fiom  determining  the  proportion  of  ita  con-  pitate  of  alumina.     To  the  same  excess  of 

stituenls.     Hydrocyanic  add  converta  mm  alkali  we  must  ascribe  the  ochry  colour  of 

or  ita  oxide  into  prusoan  b)ue^  without  the  the  predpitates  which  hydrocyanate  of  potash 

hdp  cither  of  alkalis  or  adds.     Cyanogen  forms  with  the  persalta  of  iron.     Hius  die 

acta  on  iron  and  water  as  iodine  dj^es  on  remarkable  fact,  which  ought  to  fix  tlie  at- 

water  and  a  base ;   and  a  cyanic  add  is  tention  of  chemists,  and  which  appears  to 

formed,  which  (fissolves  a  part  of  the  iron,  me  to  overturn  the  theory  of  Mr  Porrett,  in, 

but  also  and  at  the  same  time  hydrocyanic  that  hydrocyanate  of  potash  cannot  become 

arid,  whkh  changes  another  part  of  the  iron  neutral  except  when  combined  with  the  cya- 

into  Prussian  blue.  nides." 

According  to  M.  Vauqoelin,  very  complex  ACID  (CYANIC).     Cyanate  of  potash 
changes  take  pkce  when  gaseous  cyanogen  is  may  be  procured  in  large  quantity  by  heet- 
Gombincd  with  water,  which  leave  the  nature  ing  to  dull  redness  a  very  finely  pulverized 
of  the  above  add  involved  in  some  obscurity,  mixture  of  about  equal  parte  of  ferrocyanate 
The  water  is  decomposed:  part  of  ita  hydro-  of  potash  (well  dried)  and  peroxide  of  man- 
gen  combines  with  one  port  of  the  cyanogen,  ganes&     If  the  heat  be  too  great,  we  shall 
and  fonns  hydrocyanic  add ;  another  part  obtain  little  salt,  because  the  deutoxide  form- 
unites  with  the  nitrogen  of  the  cyanogen,  ed  appears  to  change  into  protoxide  at  the 
and  forms  ammonia;  and  the  oxygen  of  the  expense  of  the  cyanate.     The  mass  is  to  be 
water  forms  cazbonic  add,  vrith  one  part  of  boiled  with  alcohol  of  moderate  strength 
the  caiix»n  of  the  cyanogen.    Hydrocyanate,  (0.840  sp.  gr.),  and  on  cooling,  the  salt  sepa- 
caibomrte^  and  cyanate  of  ammonia,  are  also  rates  in  small  plates,  resembling  chlorate  of 
found  in  the  liquid;  and  there  still  remain  potash.     It  is  insoluble  in  pure  alcohoL 
some  cavljbn  aiyi  nitrogen,  which  junduce  Cyanate  of  potash  acted  on  by  muriatic 
a  brown  deposit.     Four  and  a  half  parts  of  add  gas  is  converted  into  chloride  of  potaa- 
water  absorb  one  of  gaseous  cyanogen,  which  sium,  and  much  sal  ammoniac  is  developed, 
oommnnicate  to  it  a  sharp  taste  and  smell,  Cyanate  of  potash,  by  simple  boiling  in  wa- 
but  no  colour.     The  solution  in  the  course  ter,  becomes  carbonate  of  potash.     By  both 
of  some  days,  however,  becomes  yellow,  and  modes  o£  analysis  it  seems  to  consist  of 
afterwards  brown,  in  consequence  of  the  potash  57.95,  add  42.05;  whence  the  prune 
intestine  changes  rekted  above.  equivalent  of  the  add  would  seem  to  be 
Hydrocyanic  add  is  separated  from  potash  4.45.     100  of  cyanate    of   silver  contain 
by  carbonic  add ;  but  when  oxide  of  iron.is  77.353   of  oxide;    a   statement   agredng 
added  to  the  potash,  M.  Gay  Lussac  concaves  nearly  with  the  above  equivalent, 
that  a  triple  compound,  united  by  a  much  The  cyanates  acted  on  by  aqueous  adds, 
more  energetic  affinity,  results,  constituting  give  out  their  carbon  of  composition  in  the 
.what  is  usually  called  prasiiate  of  potash,  or    form  of  carbonic,  add.    In  this  way,  the  add 
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cuosiituent  of  cyanate  of  nlTOr  wai  analyied, 
and  fbund  to  contain,  carbon  35,S34i,  aaoCe 
41.317,  and  oxygen  23.349;  or  cyanogen 
76.65 1,  oxygen  2^349.  In  fact,  2  atoms  of 
carbon  sss  1.5,  -|*  1,  axote  =r  1.75, 4-  h  oxy- 
gen  =s  1 ,  give  a  sum  ss  4.25 ;  which*  con- 
Terted  into  per  cent  proportions  are,  carbon 
35.3,  azote  41.7,  oxygen  23.53  ss  100. 
Hence  this  add  has  tlie  same  composition  as 
the  folminic  acid,  though  its  properties  are 
▼ery  difierenL — F,  fTdhler,  Ann.  de  Ckm, 
ei  de  Pkys.  xxviL  196. 

M.  Liebeg  states,  that  cyanic  add  may  be 
obtained  in  a  separate  state,  by  passing  a 
current  of  sulphuretted  hydrogen  gas  through 
water  in  which  cyanate  of  silver  is  diffused. 
Hie  acid  reddens  litmus  strongly  ;  is  sour  to 
the  taste;  it  possesses  the  smell  which  is 
always  percdved  when  any  of  its  salts  are 
decomposed  by  an  acid ;  it  neutralizes  bases 
perfectly,  but  when  in  contact  with  water  it 
suffers  decomposition  in  a  few  hours,  and  is 
converted  into  carbonic  acid  gas  and  ammo- 
nia. The  sulphuretted  hydrogen  must  not  be 
passed  so  long  as  to  decompose  all  the  cyanate 
of  silver;  for  then  the  cyanic  add  is  eon- 
verted  into  other  products  by  the  excess  of 
the  sulphuretted  hydrogen.    See  Acio  ( F(7I^ 

ACID  (CHLOROCYANIC).  M.  Ber- 
thoUet  discovered,  that  when  hydrocyanic 
add  is  mixed  with  chlorine,  it  acquires  new 
properties.  lu  odour  is  much  increased. 
'  It  no  longer  forms  prussian  blue  with  solu- 
tions of  iron,  but  a  green  predpitate,  which 
becomes  blue  by  the  addition  of  sulphurous 
add.  Hydrocyanic  acid  thus  altered  had 
acquired  the  name  of  osyjrruatiCf  because  it 
was  supposed  to  have  acquired  oxygen.  M. 
Gay  Lussac  subjected  it  to  a  ndnute  exami- 
nation,  and  found  that  it  was  a  compound 
of  equal  volumes  of  chlorine  and  cyanogen, 
whence  he  proposed  to  distinguish  it  by  the 
name  of  chlorocyanic  add.  To  prepare  this 
compound,  he  passed  a  cunrent  of  chlorine 
into  solution  of  hydrocyanic  add,  till  it  de- 
stroyed the  colour  of  sulphate  of  indigo ;  and 
by  agitating  the  liquid  with  mercury,  he 
deprived  it  of  the  excess  of  chlorine.  By 
'distillation,  afterwards,  in  a  moderate  heat, 
an  elastic  fluid  is  disengaged,  which  possesses 
the  properties  formerly  assigned  to  oxjfprussic 
ad<L  This,  however,  is  not  pure  chlorocy- 
anic add,  but  a  mixture  of  it  with  carbonic 
add,  in  proportions  which  vary  so  much  as 
to  make  it  difficult  to  determine  them. 

When  hydrocyanic  add  is  supersaturated 
with  chlorine^  and  the  excess  of  this  last  is 
removed  by  mercury,  the  liquid  contains 
chlorocyanic  and  muriatic  acids.  Having 
put  mercury  into  a  glass  jar  until  it  was 
3-4ths  full,  he  filled  it  completely  with  that 
add  liquid,  and  inverted  the  jar  in  a  vessel 
of  oMKury.     On  eihanaring  the  recdver  of 


cnrjr  sunk  in  the  jar,  in  conaaquence  of  the 
elastic  fluid  disengaged.  Bj  degrees  the 
L'quid  itself  was  entirely  expelled,  and  swam 
on  the  mercury  on  the  outside.  On  admit- 
ting the  air,  the  liquid  could  not  enter  the 
tube,  but  only  the  mercury,  and  the  whole 
elastic  fluid  condensed,  except  a  small  bubble. 
Hence  it  was  concluded  that  chkno^anic 
add  was  not  a  permanent  gas,  and  that,  in 
order  to  remain  gaseous  under  the  pressure 
of  the  air,  it  must  be  mixed  with  another 
gaseous  substance. 

The  mixture  of  chlorocyanic  and  carbonic 
adds,  has  the  following  properties     It  is 
colourless.    Its  smell  is  very  strong.    A  very- 
small  quantity  of  it  irritates  the  pituitovy 
membrane^  and  occasions  tears.     It  reddens 
litmus,  is  not  inflammable,  and  does  not  de- 
tonate when  mixed  with  twice  its  bulk  of 
oxygen  or  hydrogen.      Its  density,  deter- 
mined by  calculation,  is  2. 1 1 1.    Its  aqueous 
solution  does  not  predpitate  nitrate  of  silver, 
nor  baryta  water.      libe  alkalis  absorb  it 
rapidly,  but  an  excess  of  them  is  neoessarj 
to  destroy  its  odour.     If  we  then  add  an 
add,  a  strong  effervescence  of  carbonic  add 
ia  produced,  and  the  odour  of  chlorocyanic 
add  is  no  longer  peicdved.     If  we  add  an 
excess  of  lime  to  the  add  solution,  ammonia 
is  disengaged  in  abundance.     To  obtain  the 
green  predpitate  from  solution  of  iron,  we 
must  begin  by  mixing  chlorocyanic  add  witb 
that  solution.     We  then  add  a  little  potash, 
and  at  last  a  little  add.     If  we  add  the 
alkali  before  the  iron,  we  obtain  no  green 
predpitate. 

M.  Gay  Lussac  deduces  for  the  composi- 
tion of  chlorocyanic  add  1  volume  of  carbon 
4-  i  a  volume  of  aaoCe  4~  i  *  volume  of 
chlorine;  and  when  deoompoeed  by  the  suc- 
cessive action  of  an  alkali,  and  an  add,  it 
produces  one  volume  of  muriatic  add  gas  -f- 
1  volume  of  carbonic  add  4~  ^  volume  of 
ammonia.  The  above  three  elements  sepe- 
ratdy  constituting  two  volumes,  are  con- 
densed, by  forming  chlorocyanic  add  into 
one  volume.  And  unce  one  volume  of 
chlorine^  and  one  volume  of  cyanogen,  pro- 
duce two  volumes  of  chlorocyanic  add,  the 
density  of  this  last  ought  to  be  the  half  of 
the  sum  of  the  densities  of  .its  two  consti- 
tuents. Density  of  chlorine  is  2.421,  den- 
sity of  cyanogen  1.801,  half  sum  =  2. 1 1 1, 
as  stated  above:  Or  the  proportions  by 
wdght  wili  be  3.25  =  a  prime  equivalent 
of  cyanogen  4-  ^5  s=  a  prime  of  chlorine^ 
giving  the  equivalent  of  chlorocyanic  add 
»  7.75. 

Chlorocyanic  add  exhibits  with  potassium 
almost  the  same  phenomena  as  cyanogen. 
The  inflammation  is  equally  slow,  and  the 
gas  diminishes  as  much  in  volume. 

Serullas  prepares  chlorocyanic  add  as  fol- 
lows :— He  fills  a  lai^ge  matress  with  chlo- 
rine^ and  then  introduces  into  it,  for  every 
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ten  cidae  iocfaes  of  ga>»  trnxOy-Honr  gnuns 
of  csfinideof  mercuiyi  |niWeriaEed  and  moist 
The  matms  is  now  corked,  and  set  aside  for 
ten  or  twelve  hours  in  a  dark  place.  At  the 
^1  of  ibis  time  the  chlorine  has  combined 
with  the  mercury  and  the  cyanogen.  Hie 
ddorocyanic  add  (chhride  cyamem*  of  Ber- 
aetius)  18  gaseous,  and  occupies  the  place 
of  thecblorineb  Tlie  matnss  must  be  next 
artificially  cooled  to  0^  F.,  at  which  tem- 
perature the  gaseous  acid  is  condensed  into 
a  soJid.  The  matrass  must  now  be  filled 
with  mercury  cooled  below  zero  of  Fahren- 
heit; a  cock  is  to  be  fitted  to  its  mouth, 
through  which  a  tube  passes,  ending  in  ano- 
ths  filled  with  fragments  of  dried  muri- 
ate of  limei  Through  this  the  gas  must 
pass  in  leaving  the  matrass.  He  mercury 
auat  now  be  slightly  heated;  the  chloro- 
cyanic  acid  resumes  the  gaseous  state,  and 
may  then  be  collected  over  the  pneumatic 
shdf.  The  use  of  the  cold  mercury  is  to 
cxpd  the  atmospheric  air,  and  the  residuum 
of  chknine.  At  0°  F.  it  crystallizes  in  long 
prianwtic  needles,  which  have  no  smell,  or 
at  least  a  very  slight  one.  At  5^  F.  it 
mdls  into  a  tiquid ;  and  at  H^'  F.  it  boils. 
At  68^  F.  it  requires  a  prosure  of  four  at- 
mospheres for  its  condensation  into  a  liquid, 
which  is  colouriess  and  transparent 

Water  absorbs  25  times  its  bulk  of  chlo. 
locyanic  acid  gas,  and  gives  it  out  in  ebuUi- 
tioo,  without  any  change  in  its  nature.  Hie 
solution  docs  not  redden  litmus,  nor  does  it 
peedpitate  the  salts  of  nlver.  It  may  be 
pKsorved  a  long  time  without  decomposition. 
Alcohol  absorbs  100,  and  ether  50  times  its 
volume  of  this  acid  gas^  The  salifiable  bases 
decompose  it,  and  destroy  the  cyanogen. 

This  g^  gives  a  green  colour  to  the  salts 
of  iron.  To  produce  this  phenomenon, 
ddotocyanlc  add  must  be  introduced  into  a 
solution  of  a  salt  of  iron,  and  then  a  little 
fiee  alkali  must  be  added.  Cblorocyanic 
add  is  composed  of  57.29  chlorine,  and 
4&71  cyanogen,  or  a  volume  of  each,  as 
originally  demonstrated  by  Gay  Lussac. 

When,  in  preparing  the  cblorocyanic  acid, 
the  matrf—  is  exposed  to  the  sunbeam,  a 
combination  is  produced  somewhat  different 
from  the  preceding.  It  is  not  gaseous,  but 
oleaginous,  yellow,  and  dense.  It  is  inso- 
luble in  water,  but  soluble  in  alcohol.  Its 
nature  is  not  well  understood ;  but  it  proba- 
bly consists  of  a  combination  of  cyanogen, 
with  more  chlorine  than  exists  in  the  cbloro- 
cyanic 9aA» 

ACID  (PERCHLOROCYANIC),  or 
Pcrchloride  of  Cyanogen,  has  been  lately  dis- 
covered by  Serullas.  To  obtain  it,  he  takes 
a  bottle  of  the  capadty  of  liiUy  two  pints 
(imperial) ;  introduces  into  it  very  dry  chlo- 
rine gas,  tUi  the  atmospheric  air  be  expelled ; 
then  he  putt  in  fifteen  grains  of  anhydrous 
h|drocyanic  add.     I(  is  now  corki^  and 


exposed  for  some  days  to  the  sunbeams. 
The  chlorine  gas  is  converted*  into  muriatic 
add,  and  the  perchloride  of  cyanogen  crys- 
tallises on  the  inner  surface  of  the  glass. 
Too  much  hydrocyanic  add  produces  a  mass 
of  a  deep  red  colour,  similar  to  taHow  in 
consistence^  which  a  laiger  quantity  of  chlo- 
rine converts  into  the  perchloride.  The 
muriatic  gas  may  be  expelled  ftom  the  bot- 
tle, by  blowing  in  dry  air ;  a  little  water  is 
then  dropped  in,  and  some  fragments  of 
glass,  by  means  of  which  the  perdiloride  is 
detached.  When  the  substance  is  taken 
out,  it  must  be  dried  and  distilled.  It  forma 
now  white  crystalline  needles.  Its  odour 
u  acrid,  resembling  somewhat  the  smdi  of 
mice;  and  itt  taste  is  slight  Its  density  is 
1.32.  It  fuses  at  284°  F.,  and  sublimes  at 
374<>  F.  Pardly  soluble  in  cold  water,  it 
is  decomposed  in  boiling  water.  Ether  and 
alcohol  dissolve  it,  and  water  precipitates  it 
from  these  solutions.  .  It  consists  of  72.85 
parts  of  chlorine,  and  27.15  cyanogen,  of 
2  volumes  of  the  first,  and  I  of  the  second. 

ACID  (FERROCYANIC).  Into  a  so- 
lution  of  the  amber-coloured  crystals,  usually 
called  pruasiate  of  potash,  pour  hydrosulphu- 
ret  of  baryta,  as  long  as  any  precipitate  falls* 
Throw  the  whole  on  a  filter,  and  wash  the 
predpitate  with  cold  water.  Dry  it;  and 
having  dissoWed  100  parte  in  cold  water,  add 
gradually  30  of  concentrated  sulphuric  add ; 
agitate  the  mixture^  and  set  it  aside  to  repose. 
The  supernatant  liquid  is  the  ferroprussic 
add  of  M.  PorreU. 

It  has  a  pale  lemon-yellow  colour,  but  no 
smelL  Heat  and  light  decompose  it  Hydro- 
cyanic add  is  then  formed,  and  white  forro- 
cyanate  of  iron,  which  soon  becomes  blue. 
Itt  affinity  for  the  bases  enables  it  to  displace 
acetic  acid,  without  heat,  from  the  acetates, 
and  to  form  ferrocyanates. 

When  a  saline  solution  contains  a  base  with 
which  the  ferrocyanic  acid  forms  an  insolu- 
ble compound,  then,  ag^reeably  to  BerthoUet*s 
prindple,  it  is  capable  of  supplanting  its  add. 
When  ferrocyanate  of  soda  is  exposed  to  vol- 
taic electrici^,  the  add  is  evolved  at  the  posi- 
tive pole^  with  ito  constituent  iron.    M*  Por- 
rett  considers  this  add  **  as  a  compound  of 
4  atoms  carbon    =s  30.00 
I  atom  azote        =  17.50 
I  atom  iron         =  17.50 
1  atom  hydrogen  ss    1.25 

66.25" 
This  sum  represents  the  wdgbt  of  its  prime 
equivalent  Ferrocyanate  of  potash,  and  of 
baryta,  will  each  therefore^  according  to  him, 
consist  of  an  atom  of  add  -|-  an  atom  of 
base  -|*  two  atoms  of  water. 

Berzelius  has  shown,  that  when  sulpfauret-' 
ted  hydrogen  gas  is  transmitted  over  efflo- 
resced ferruginous  pruasiate  of  potash,  heated 
in  a  glass  tube  by  a  spirit  lamp,  no  hydro* 
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cpadc  add  ot  water  i»  produced;  and  tliat  vmmoDiBaiidfaydrocfanato  of  ammonia.  Tbk 

thereforje  tba  iron  present  in  the  salt  is  in  the  production  of  ammonia  in  this  experiment 

roetallio-state. .  On  igniting  dry  ferrooyanate  proves,  that  what  remaina  after  the  bydio- 

of  potash  along  with  peroxide  of  copper  in  a  cyanic  add  which  is  first  erolved^  is  a  hydro* 

glap9  tube,  the  same  chemist  found  that  the  C3ranate,  and  not  a  cyanide^  because  in  the 

gaseous  producta  consisted  of  carbonic  acid  latter  case  it  could  only  have  given  hydro- 

and  azote,  in  the  proportion  of  three  volumes  cyanic  add  and  azotic  gas.     This  substance 

of  the  former  to  two  volumes  of  the  latter*  may  be  kept  without  alteration  in  well  cloaed 

The  same  result  wa»  obtained  from  ferro-  vessels;  but  in  the  air  it  gradually  decom- 

cyanate  of  baryta.     But  as  the  potash  and  poses,  becomes  at  first  greenish,  afterwarda 

baryta  of  the  above  salts  retain  a  portion  of  blue,  and  finishes  by  bang  entirely  converted 

the  carbonic  add,  Berzelius  next  analyzed  in  into  prussian  blue. 

^e  same  way  ferrocyanate  of  lead :  he  fi^und  On  the  relations  of  hydrocyanic  add  and 
that  the  gas  collected  towards  the  end  of  the  iron,  the  following  observations  by  M.  Vau- 
operation,  which  was  quite  free  from  atmoa*  qudin  are  curious.  Hydrocyanic  add  diluted 
pheric  air,  was  a  mixture  of  two  parts  of  car-  with  water,  when  placed  in  contact  with  iron 
bonic  add,  and  one  part  of  azote  by  volume,  in  a  glass  vessel  standing  over  mercury,  quick- 
Hence  the  carbon  and  azote  in  these  salts  ly  produces  prussian  blue,  while,  at  the  same 
exist  in  the  same  proportions  a»  ia  cyanogen :  time,  hydrogen  gas  is  given  out.  The  greatest 
no  water  was  produced.  He  finally  con-  part  of  the  prussian  blue  formed  in  that 
dudes,  that  the  dry  farrocyanates  are  com-  operation,  remains  in  solution  in-  the  liquid, 
posed  of  one  atom  of  cyanide  of  iron  and  It  appears  cmly  when  the  liquid  comes  in  ooori 
two  atoms  of  cyanide  of  the  odier  metal,  tact  with  the  air.  This  shows  us  that  proa* 
potassium,  barium,  or  lead ;  according  as  it  sian  blue,  at  a  minimum  of  oxidizement,  ia 
is  a  ferrocyanate  of  potash,  baryta,  -or  lead,  soluble  in  hydrocyanic  add.  Dry  hydlo* 
that  is  in  question.  Berzdius  considers  the  cyanic  add  placed  in  contact  with  iron-  fii- 
ferrocyanic  or  femiretted  chyazic  add  of  M.  ings,  undergoes  no  change  in  its  colour  nov 
Porrett  as  a  super-hydrocyanateof  ironinan  smell;  but  the  iron,  which  becomes  agglu- 
impure  state.  To  obtain  it  pure,  he  adopted  tinated  together  at  die  ^bottom  of  the  vessel^ 
the  following  method:— be  decomposed  well  assumes  a  brown  colour.  After  some  diqr8»' 
washed  ferrocyanate  of  lead,  under  water,  by  the  hydrocyanic  acid  being  separated  from 
a  current  of  sulpfaui etted  hydrogen  gas,  re-  the  iron,  and  put  in  a  small  capsule  under  s 
moving  the  excess  of  sulphuretted  hydrogen  glass  jar,  evaporated  without  leaving  any  le* 
with  a  small  quantity  of  ferrocyanate  of  Irad.  sidue.  Hierefore  it  had  dissolved  no  iron* 
The  filtered  fluid  remained  limpid  and  co-  Hydrocyanic  add  dissolved  in  water,  placed 
kwrless  in  vacuo,  leaving  eventually  a  milk-  in  contact  with  hydrate  of  iron,  obtsined  by 
white  substance^  which  had  no  appearance  ijf  means  of  potash,  and  washed  with  boiling 
crystallization.  This  white  matter  has  the  water,  furnished  prussian  blue  immediately^ 
fiiUowing  properties :— It  dissolves  in  water,  without  the  addition  of  any  add.  Scheele 
to  which  it  imparta  an  add  and  agreeable  has  made  mention  of  this  fact.  AVhen  hydro- 
flavour,  but  which  is  rather  astringent.  In  cyanic  add  is  in  excess  on  the  oxide  of  iron^ 
contact  with  the  air  it  deposits  prussian  blue,  the  liquor  which  floats  over  the  prussian  blue 
and  assumes  a  greenish  colour.  It  is  in^  assumes,  after  some  time,  a  beautiful  purple 
odorous,  unless  it  has  begun  to  decompose,  colour.  The  liquor,  when  evaporated,  leavea 
When  boiled*  the  liquid  gives  out  hydro-  upon  the  edge  of  the  dish  circles  of  blue,  and 
cyanic  add,  and  deposits  a  powder  which  be-  othen  of  a  purple  oolour,  and  likewise  crya- 
comes  blue  in  contact  with  the  air.  It  is  tals  of  this  last  colour.  When  water  is  poured 
necessary  to  boil  it  for  some  time  to  decom-  upon  these  substances,  the  purple-coloured 
pose  it  entirely.  If  cold  water  be  saturated  body  alone  dissolves,  and  gives  the  liquid  a 
with  dry  super-hydrocyanate,  and  the  solo-  fine  purple  colour.  The  substance  which 
tion  be  su£^red  to  remain,  it  gives  small  remains  undissolved  is  prussian  blue,  wbidi 
transparent  colourless  crystals,  which  appear  has  been  held  in  solution  in  the  hydrocyanic' 
to  contain  water  of  ciystallization.  The  add.  Some  drops  of  chlorine  let  fall  into 
crystals  are  apparently  quadrilateral  prisms  this  liquid  change  it  to  blue,  and  a  greater 
in  groups  composed  of  concentric  rays.  Ber-  quantity  destroys  its  colour  entirely.  It  ia 
zelius  supposes  these  to  be  hydrocyanate,  in  remarkable,  that  potash  poured  into  the  liquid 
which  water  replaces  the  second  base  that  thus  deprived  of  its  colour,  occasions  no  pre- 
existed with  tlie  protoxide  of  iron.     The  dpitate  whatever. 

white  subsUnce  obtained  by  evaporation  in  Chemists  will  not  fail  to  remark  ftom  these 
vacuo  does  not  appear  to  contain  any  water,  experiments,  that  hydrocyanic  acid  does  not- 
or  rather  appears  to  be  the  super-hydro-  form  prussian  blue  directly  with  iron ;  but' 
cyanate  of  protoxide  of  iron,  without  water  that,  on  the  addition  of  water,  (drcumstancea 
of  crystallization ;  for  if  it  be  distilled  in  a  remaining  the  same),  prussian  blue  is  pro- 
small  and  proper  iq>paratus,  it  gives  at  first  duced.  They  will  remark,  likewise^  that 
hydrocyanic  add;   afterwards  cari>onate  of  cyanogen  united  to  water  dissolves   iron. 
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Tfaii  «  eonfinncd  by  the  iiky  tnle  wfaidi  h    from  blue  to  brown.     Filter  the  hipadi'  sa- 
bj  the  diMippeerBnce  of  its  odour,     turate  the  slight  alkaline  excess  with  aoetifc 


and  by  the  residue  which  it  leaves  when  eva-     acid,  concentrate  by  evaporation,  and  allow 
~;  yet  prunian  blue  is  not  farmed,     it  slowly  to  cool.     Quadrangular  bevelled 


Tbew  experiments  aeem  to  show  that  pnissian  crystals  of  the  ferropniaaiate  of  potash  will 

^falne  is  m  hydrocyanate^  and  not  a  cyanide.  form. 

Tlie  ammonia,  and  hydrocyanic  add,  dis-         Hiis  salt  is  transparent,  and  of  aHieautiful 

•engaged  during  the  whole  duration  of  the  lemon  or  topax-yellow.     Its  specific  gravity 


of  Prussian  blue^  give  a  new  sup-  is  1.890.  It  has  a  saline^  cooling,  but  not 
•port  to  tfae  opinion  that  this  substance  is  a  unpleasant  taste.  In  large  crystals  it  pos- 
hydimcyanate  of  iron ;  and  likewise  the  results  seases  a  certain  kind  of  toughness,  and,  in 
wUcfa  -are  fntnished  by  the  decomposition  of  thin  scales,  of  elasdcity.  Hie'  inclination  of 
pnissian  blue  by  heat  in  a  retort,  show  clear-  the  bevelled  side  to  the  plane  of  the  crystal 
ly  that  it  contains  both  oxygen  and  hydrogen,  is  about  135^.  It  loses  about  13  per  cent 
wfascfa  are  most  abundant  towards  the  end,  of  water,,  when  moderately  heated;  and  then 
long  after  any  particles  of  adhering  water  appears  of  a  white  colour,  as  happens  to  the 
•most  have  been  disapatpd.  green  copperas ;  but  it  does  not  melt  like 

Such  oompoands  we  shall  call  ferrocya-     this  salt     The  crystals  retain  their  figure 
nates.    M.  Vauquelin  and  M.Thenanl  styled     till  the  beat  verges  on  ignition.     At  a  red 

tfaem  ferruginous  pruasiates.  heat  it  blackens,  but,  from  the  mode  of  its 

Ferroej^nate  of  fUuk.     Into  an  egg-     formation,  we  see  that  even  that  temperature 
ahaped  iron  pot,  brought  to  moderate  igni-     is  compatible  with  the  existence  of  the  acid, 

.tion,  project  a  mixture  of  good  pearl-ash  and  provided  it  be  not  too  long  continued.     Wa- 

diy  animal  matters,  of  winch  hoofs  and  horns  ter  at  60^  dissolves  nearly  one-third  of  its 

are  bcsty  in  the  proportion  of  two  parts  of  the  weight  of  the  crystals;  and  at  the  boiling 

Ibnocr  to  five  of  the  latter.     Stir  them  well  point  almost  its  own  weight.    It  is  not  solu- 

widi  m  flat  iron  paddle.     The  mixture^  as  it  ble  in  alcohol ;  and  hence  chemical  oompfl- 

calcines,  will  gradually  assume  a  pasty  forai,  ers,  with  needless  soiipulosity,  have  assigned 

•duiiDg  which  transition  it  must  be  tossed  to  that  liquid  the  hereditary  sinecure  of 

sbout  with  much  manual  labour  and  dexte-  screening  the  salt  from  the  imaginary  dan- 

niy.     When  the  conversion  into  a  chemical  ger  of  atmoqiherical  action.    It  is  not  altered 

.ooBspomid  is  seen  to  be  completed  by  the  by  the  air.     Exposed  in  a  retort  to  a  strong 

rrsisfinn  of  the  fetid  animal  vapours,  remove  red  heat,  it  yields  prussic  acid,  ammonia, 

xbe  pasty  mass  with  an  iron  ladle.  carbonic  acid,  and  a  coaly  residue,  consist- 

If  this  be  thrown,  while  hot,  into  water,  ing  of  charcoal,  metallic  iron,  and  potash. 

jHime  of  the  prussic  add  will  be  converted  When  dilute  sulphuric  or  muriatic  acid  is 

.into  ammonia,  and  of  course  the  usual  pro-  boiled  on  it,  prussic  add  is  evolved,  snd  a 

duct  diminisbed.     Allow  it  to  cool,  dissolve  very  abundant  white  predpitate  of  proto- 

'  it  in  water,  darify  the  solution  by  filtration  prussiate  of  iron  and  potash  falls,  which  af- 

jor  subsidenoe^  evaporate,  and,  on  cooling,  terwards,  treated  with  liquid  chlorine^,  yields 

yellow  crystals  of  the  ferroprussiate  of  potash  a  prossian  blue,  equivalent  to  fully  one^inji 

vriU  form.     Separate  these,  redissolve  them  of  the  salt  employed.     Ndther  sulphuretted 

in  bot  water,  and  by  allowing  the  solution  to  hydrogen,  the  bydrosulphurets,  nor  infusion 

«Qol  very  slowly,  larger  and  very  regular  of  galls,  produce  any  change  on  this  salt. 

jcryatak  may  be  had.   This  salt  is  now  manu^  Red  oxide  of  mercury  acts  powerfully  on  its 

fwtiired  in  several  parts  of  Great  Britain,  on  solution  at  a  moderate  beat.     Prussiate  of 

the  btfge scale;  and  therefore  the  experimen-  mercury  is  formed,  which  remains  in  solu- 

tal  chemist  need  not  incur  the  trouble  and  tion ;  while  peroxide  of  iron  and  metsUic 

Buisaoce  of  its  preparation.     Nothing  can  mercury  predpitate.     Thus  we  see  that  a 

cirrcd  in  beauty,  purity,  and  perfection,  the  portion  of  the  mercurial  oxide  is  reduced| 

iijUalii  of  it  prepared  at  Campsie^  by  Mr  to  carry  the  iron  to  the  maximum  of  oxidixe- 

Hadntosh.  ment. 

An  extemporaneous  feiropruasiate  of  pot-         The  solution  of  ferroprussiate  of  potash  is 

ash  may  at  any  time  be  made,  by  acting  on  not  affected  by  alkalis ;  but  it  is  decomposed 


Prussian  blue  with  pure  carbonate  of  potash,  by  almost  all  the  salts  of  the  permanent 

prepared  from  the  ignited  bicarbonate  or  bi-  metals.    Tlie  following  table  presents  a  view 

tartrate.     The  blue  should  be  previously  di-  of  the  colours  of  the  metallic  predpitates  thus 

gested  at  a  moderate  heat,  for  an  hour  or  two»  obtained. 

in  its  own  weight  of  sulphuric  add,  diluted 

with  ^we  times  its  weight  of  water;  then  fil-         Solutions  of  Give  a 

tared,  and   tfaor6ugbly  edulcorated  by  hot  Manganese,  White  predpitate. 

water  from  the  sulphuric  add.     Of  this  pu-  Protoxide  of  iron,        Copious  white. 

rifled  Prussian  blue,  add  successive  portions  Deutoxide  of  iron,       Copious  clear  blue. 

to  tfae  alkaline  solution,  as  long  as  its  colour  Tritoxide  of  iron,         Copious  dark  blue. 

is  destroyed,  or  while  it  continues  to  change  Tin,  White. 
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Soliitidns  of 

OiYea 

Zinc, 

White. 

Antimony, 

White. 

Uruiiuni^ 

Blood-coloured. 

Cerium, 

White. 

Cobalt, 

Gras»-green. 

Titanium, 

Green. 

Bismuth, 

White. 

1  atom 


Protoxide  of  copper,    White. 

Deutoxide  of  copper,  Crimson-brown. 

Nickely  Apple-green. 

Lead,  White. 

Deutoxide  of  mercury.  White. 

Silver,  White,  passing  to  blue 

in  the  air. 
Palladium,  Olive. 

Rhodium,   Platinum, 
and  Gold,  None. 

If  some  of  these  precipitates,  for  example 
thoae  of  manganese  or  copper,  be  digested  in 
a  solution  of  potash,  we  obtain  a  ferrocya- 
nate  of  potash  and  iron,  exactly  similar  to 
what  is  formed  by  the  action  of  the  alkaline 
solution  on  prussian  blue.  These  precipi- 
tates, therefore,  contain  a  quantity  of  iron. 

The  researches  of  Berselius  have  shewn 
that  dry  ferrocyanate  of  potash  is  truly  a 
compound  of  one  atom  of  cyanide  of  iron, 
with  two  atoms  of  cyanide  of  potassium.  Its 
compooition  may  therefore  be  stated  as  fol- 
lows: 

With  water  of  crystal. 
CIron         =  3.50    15.05  iai5 
I  Cyanogen==  ^25 }  a,  qm  gg^go 
„   ,        5  Cyanogens  6.50  J  *^-^ '***•''* 
•  •"^"**  I  Potassiums  10.00    43.00  37.56 

Water  12.67 

2a25  100.00 

In  its  crystallized  state  it  contains  three 
atoms  of  water,  which  makes  its  prime  equi- 
valent in  that  case  23.25-f  a375sr  26.625. 
To  convert  this  weight  into  ferrocyanate  of 
lead,  two  atoms  of  nitrate  of  lead  will  be  re- 
quired =  41.5 ;  so  that  one  atom  of  nitrate  of 

lead  =  20.75,  will  be  equivalent  to  ^^'^^as 

1 3. 3 1 25  of  crystals  of  ferrocyanate  of  potash. 
Iliese  1  a  31 25  parts  of  salt,  by  the  action  of 
hitrate  of  lead,  afibrd  12.75  parts  of  nitre, 
whidi  contain  six  of  potash. 

Red/errocj/anate  of' potash.  M.  Girardin 
obtained  this  compound  by  passing  chlorine 
gas  into  a  moderately  strong  solution  of  the 
common  ferrocyanate  of  potash,  which  is  to 
be  continued  until  the  solution  ceases  to  pro- 
duce any  effect  when  added  to  a  solution  of 
peroxide  of  iron.  The  liquor  is  then  to  be 
concentrated  to  two-thirds  of  its  volume,  and 
set  aside  in  a  moderately  warm  stove  to  crys- 
tallize: after  some  time,  yellow,  brilliant, 
and  slender  crystals  are  obtained  in  form  of 
roses ;  by  a  second  crystaUization,  very  long 
needle-form  crystals  are  procured  in  tufts. 


ThcM  crystals  are  niby-coloured»  tnmspA- 
lent,  and  very  brilliant ;  tlieir  form  appears 
to  be  elongated  octahedrons. 

The  principal  character  of  this  salt  is  that 
of  indicating  the  proto-aalts  of  iron,  precipi- 
tating them  blue  or  green,  according  to  the 
proportion  in  solution ;  and,  on  the  contrary, 
not  precipitating  the  per-aalts  of  iron.  Una 
re^;ent,  according  to  M.  Girardin,  is  much 
more  sensible  than  the  common  ferrocy»- 
nate  of  potash,  for  it  is  capable  of  detecting 
one  90,000dth  of  protoxide  of  iron,  whUe 
the  latter  salt  does  not  detect  less  than  ooo 
ISOOdth  of  the  protoxide. 

The  red  ferrocyanate  is  soluble  in  twice  ila 
weight  of  cold  water,  and  less  than  its  own 
weight  of  boiling  water.  It  is  insoluble  in 
alcohol,  does  not  act  on  litmus,  but  renders 
syrup  of  violets  green.  A  very  small  qiiai»- 
tity  renders  a  considerable  portion  of  water 
green.  In  the  formation  of  this  sa)t,  half  of 
the  add  of  the  ferrocyanate  is  destroyed  1^ 
the  chlorine,  and  the  alkali  of  this  half  gets 
combined  with  muriatic  acid:  the  feno- 
cyanates  of  soda,  ammonia,  baryta,  and  Ume, 
are  all  converted  into  red  ferrocyanatea  bj 
chlorine. 

The  red  ferrocyanate  of  potash  precipitates 
tin  white;  silver  and  zinc  of  an  orange  co- 
lour ;  nickel,  bismuth,  and  titanium,  brown  ; 
copper,  dirty  brown ;  cobalt  and  uranium,  dif- 
ferent shades  of  reddish-brown ;  both  oxidea 
of  mercury,  brown ;  lead  is  not  precipitated^ 
but  aiW  some  time  reddisb-brown  crystals 
are  deposited,  which,  when  decomposed  by 
sulphuric  acid,  separate  jier-fimcyanic  act^ 
which  crystallizes  in  needles,  reddens  litmus 
paper,  and  has  a  taste  at  first  add,  then  s^p. 
tic  When  slightly  heated,  it  molves  itself 
into  hydrocyanic  add  and  prussian  blua 
Bentman*t  lUpertoiredeChimief  Aug.  1828. 

Ferroc^ntUe  of  toda  may  be  prepared 
from  Prussian  blue  and  pure  soda,  by  a  simi* 
lar  process  to  that  prescribed  for  the  preced* 
ing  salt.  It  crystallizes  in  four-sided  prisms, 
terminated  by  dihedral  summits.  They  are 
yellow,  transparent,  have  a  bitter  taste,  and 
effloresce^  losing  in  a  vrarm  atmosphere  37( 
per  cent.  At  55°  they  are  soluble  in  4(  parta 
of  water,  and  in  a  much  less  quanuty  of  boil- 
ing water.  As  the  solution  cools,  the  crystals 
separate.  Thdr  specific  gravity  is  1.458L 
They  are  said  by-  Dr  John  to  be  soluble  in 
alcohol. 

Its  constituents  are  as  follows: 

Uron  ss    a50     11.48 


1  atom 

^  •**""*  i  Sodium     =    6.00 
10  atoms  Water  11.25 


I  Cyanogen  as    a25  )  „,  ^ 
J  Cyanogen  a=    6.50  J  ^''"^^ 


19.67 
36.88 


30.50  100.00 
Ftrrocyanate  of  lime  may  be  easily  formed 
from  prussian  blue  and  lime  water.    Its  solu- 
tion yields  crystalline  grains  by  evaporation. 
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Iron,          a500  .    *  9.09 

Cyanogen,  9.750  .     .  2&80 

Barium,    17.500  ..  48.11 

Water,        5.625  .     «  15.47 


Jt  coPMata  Of'    '' 

1 

Iron* 

a50 

11.86 

Cy^nogeOf 

9.75 

3a05 

Caldum, 

5.00 

16.96 

Watefsr 

■ 

11.25 

3a  13 

3&375  100.00 

29.50          100.00  Ferrocyanate  of  Urontia  and  tnagnesia  huf^ 

The  preceding  remits,  as  also  those  of  idso  been  made. 

Benelius  on  the  ferrocyanide  of  lead,  being  JFerrocyanide  of  lead  is  fonned  by  pouring 

apparently  discordant  with  those  which  I  have  neutral  nitrate  of  lead  into  a  solution  of  fer- 

■biled  in  my  paper  on  the  ultimate  analysis  rocyanate  of  potash,   taking  care  that  the 

flf  oiganic  compounds  (Phil.  TVans.  1822),  latter  be  in  excess,  in  order  to  prevent  the 

a  few  words  of  explanation   seem  requi-  precipitation  of  nitrate  of  lead,  which  mixes 

sheu     I  found  that  an  atom  of  nitrate  of  with  all  the  insoluble  salts  with  base  of  oxide 

kadss  20.75,  was,  by  the  method  of  double  of  lead,  if  there  be  an  excess  of  nitrate  of 

deoompoaition,  equivident  to  la  1 25  of  crys-  lead  in  the  liquid  from  which  they  are  depo- 

tallized  ferrocyanide  of  potassium ;  whence  I  sited.     The  Uquid  remains  perfectly  neutral. 

infeiTed  that  this  was  its  atomic  weight  The  precipitate  is  white  with  a  cast  of  yellow* 

According  to  Benefius,  20.75  parts  of  nitrate  Its  composition  is  as  follows  :— 

9i  ioA  are  eqoiyalent  to  ia3175  of  the  Iron,            a50    .     .       a92 

cvyslalliaed  ferrocyanide  of  potassium.    This  Cyanogen,   9.75    •    .     24i.84 

differenoe,  though  small,  would  have  excited  Lead,         26.00    *    .    66.24 

ny  surprise^  considering  the  pains  that  I  took,  ■                      «-_ 

bad  not  Benelius  shewn  that  ferrocyanide  of  .  39. 25             100.00 

lead  h  apt  to  carry  down,  in  its  precipitation.  In  its  state  of  ordinary  dryness  it  contains 

H  portion  of  nitrate  of  that  metal,  to  which  three  atoms  of  water. 

drcmnstanoe  I  ascribed  the  above  discrepancy.  FerrocyaruUe  of  iron.     We  have  already 

By  my  experim'eniB,  la 31 75  grains  of  the  described  the  method  of  making  the  ferro- 

cryslalliaed  fenoprussiate  of  potash  afford  cyanate  of  potash,  which  is  the  first  step  in' 

a9  of  potash,  a  result  not  wide  of  the  truth,  the  manufiicture  of  this  beautiful  pigment 

From  21  grains  of  ferrocyanide  of  lead  I  This  is  usually  made  by  mixing  together  one 

obtained  2L625  grains  of  peroxide  of  iron,  part  of  the  ferrocyanate  of  potash,  one  part 

=s  1.8375  of  metallic  iron,  while,  by  Berse-  of  copperas,  and  four  parts  of  alum,  each  pre< 

lius,  tibe  quantity  of  iron  present  is  1.87,  a  viously  dissolved  in  water.     Pkrussian  blue, 

dilference  only  in  the  second  place  of  ded-  mixed  with  more  or  less  alumina,  precipitates* 

mala.      But  with  regard  to  my  products  in  ItisafWrwardsdriedonchalkstonesinastove, 

the  igneous  decomposition  by  peroxide  of  cop-  Pure  prussian  blue  is  best  prepared  by 

per,  I  am  satisfied  that  a  portion  of  the  azote  dropping  a  solution  of  ferrocyanate  of  iron 

combined  with  the  oxygen  of  the  peroxide  into  a  solution  of  red  muriate  of  iron,  to 

intD  A  liqnid  compound,  whence  the  gaseous  which  a  slight  excess  of  acid  is  previously 

Analysis  was  vitiated.     20.75  parts  of  nitrate  added.     The  precipitate  must  be  thoroughly 

of  lead,  containing  14  of  oxide,  or  13  of  me-  washed  and  dried.     It  retains  hygrometric 

taly  should  yield  by  Berselius  19.625  of  fer-  moisture  so  strongly,  that  sulphuric  acid  in 

locyanide  of  lead;  but  1  obtained  21,  no  vacuo  does  not  detach  it 

(doobc,  in  consequence  of  some  nitrate  falling  Berzelius  found  that  a  portion  of  very  dry 

down  along  with  it                             .  prussian  blue,  when  lighted  at  the  edge,  con- 

From  la  125  grains  of  ferrocyankte  of  tinned  to  burn  by  itself  like  anuuhu,  giving 

potash  I  obtained  1.69  of  water,  which  is  a  vapour  which  condensed  on  a  funnel  in.* 

12.87   per  cent     Benelius  obtained  from  verted  over  it :  it  was  carbonate  of  ammonia. 

18.4  to  12.9,  his  calculated  atomic  propor-  One  hundred  parts  of  such  prussian  blue  left 

lioo  being  12.67.     Had  it  occurred  to  me  a  residuum  of  60.14  parts  of  red  oxide  of 

to  double  the  above  product  1.69,  then  the  iron,  containing  no  potash. 

nmnber  a38^  being  as  neariy  as  possible  3  When  a  solution  of  protoxide  of  iron  is  pre- 

atoma  of  water  ^  a  375,  would  have  un-  cipitated  by  cyanide  of  iron  and  potassium,  • 

ravdled  all  the  intricacy,  and  have  satisfied  a  white  insoluble  compound  is  formed,  which 

me  that  the  complex  constituticm  assigned  contains  potash,  and  which,  by  absorbing  ox- 

by  Berselius  waa  the  true  one,  since  it  gave  ygen,  becomes  blue.     But  it  is  well  known, 

the  fewest  integer  atoms  of  the  constituents,  thist  a  salt  with  base  of  protoxide,  which 

Ferrocyanate  of  baryta  may  be  formed  in  absorbs  oxygen  without  there  being  an  in- 

tiie  same  way  aa  the  preceding  species.     Its  crease  of  add,  combines  with  an  excess  of 

crystak  are  rhomboidal  prisms,  of  a  yellow  base.     Prussian  blue,   therefore,  which  is 

colour,  and  soluble  in  2000  parts  of  cold  prepared  by  oxidation  of  the  white  precipi- 

water  and  100  of  boiling  water.  tate,  cannot  be  a  neutral  compound.    Fhis- 

Aocording  to  Benelius,  ferrocyanate  of  sianblue,  thus  prepared,  has  properties  which 

baryta  oopisista  of  :«•  it  does  not  possess  when  diflTerently  prepared. 
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It  is  soluble  in  pure  water,  but  not  in  water  dition  of  sulpburic  add.   Continiietheboifing 

which  contains  a  certain  quantity  of  any  for  a  little,  and  when  it  cools  add  a  little  per- 

neutral  salt.     Thus  there  are  etidently  two  oxide  of  manganese  in  fine  powder,  which 

blue  combinations  :*— The  one  composed  of  will  give  the  liquid  a  fine  crimson  colour. 

3  atoms  of  hydrocyanate  of  plotoxide,  and  4  To  the  filtered  liquid  add  a  sohition  contain- 

atomsof  hydrocyanate  of  deutoxide,  in  which  ing  persulphate  of  copper  and  protosulphate 

the  add  and  oxygen  of  the  second  part  is  of  iron,  in  the  proportion  of  two  of  the  former 

double  that  of  the  first;  and  another,  app»-  salt  to  three  of  the  latter,  until  the  crimson 

rently  composed  of  1  atom  of  hydrocyanate  tolour  disappears.   Sulphurocyanide  of  oop^ 

of  protoxide,  and  8  atoms  of  hydrocyanate  per  falls.    Boil  this  with  a  solution  of  potash, 

of  deutoxide.  which  will  separate  the  copper.     Distil  tfae 

Pure  Prussian  blue  is  a  mass  of  an  ex-  liquid  mixed  with  sulphuric  add  in  a  glass 

tremely  deep  blue  colour,  insipid,  inodorous,  retort,  and  the  peculiar  add  will  come  over, 

and  considerably  denser  than  water.    Ndther  By  saturation  wiUi  carbonate  of  baryta,  and 

water  nor  alcohol  has  any  action  on  it   BoiU  then  throwing  down  this  by  the  equivalent 

ing  solutions  of  potash,  soda,  lime,  baryta,  quantity  of  sulphuric  add^  the  sulphurtM 

and  strontia,  decompose  it;  forming  on  one  prussic  add  is  obtained  pure, 

hand  soluble  ferrocyanates  with  these  bases,  It  is  a  transparent  and  colourless  liquid, 

and  on  the  other  a  residue  of  brown  peroxide  possessing  a  strong  odour,  somewhat  resenw- 

of  iron,  and  a  yellowish-brown  sub-ferrocya-  bling  acetic  add.    Its  spedfic  gravity  is  only 

nate  of  iron.     This  last,  by  means  of  sul-  1.022.     It  dissolves  a  little  sulphur  at  a  boil- 

phuric,  nitric,  or  muriatic  adds,  is  brought  ing  heat     It  then  blackens  nitrate  of  silver; 

back  to  the  state  of  a  ferrocyanate,  by  ab-  but  the  pure  add  throws  down  the  silver 

Btracting  the  excess  of  iron  oxide.     Aqueous  white.     By  repeated  distillations  sulphur  is 

dilorine  changes  the  blue  to  a  green  in  a  few  separated  and  the  acid  is  decomposed.     M. 

minutes,  if  the  blue  be  recently  predfHtated.  Porrett,  in  die  Annals  of  Phil,  for  May  1819| 

Aqueous  sulphuretted  hydrogen  reduces  the  states  the  tomposition  of  this  add,  as  it  exists 

blue  ferrocyanate  to  the  white  proto-ferro-  in  the  sulphuretted  chyazateof  copper,  to  be^ 

^f*"**©*                           ..      .  2  atoms  sulphur       =4.000 
Its  igneous  decompodtion  in  a  retort  was  g            carbon        :^  1.509 
executed  by  M.  Vauquelin  with  minute  at-  [             azote          :=  1.754 
tention.     He  regards  it  as  a  hydrocyanate,  i             hydrogen    =:0!l32 
or  mere  cyanide  of  iron ;  but  the  changes  he  'TuQA, 
describes  are  very  complex.    The  general  re- 
sults of  M.  Vauquelin's  analysis  were  hydro-  This  is  evidently  an  atom  of  the  hydrocyj> 
cyanic  add,  hydrocyanate  of  ammonia,  an  oil  anic  acid  of  M.  Gay  Lussac,  combined  with 
soluble  in  potash,  crystalline  needles,  which  2  of  sulphur.     If  to  the  above  we  add  9  for 
contained  no  hydrocyanic  add,  but  were  an  atom  of  protoxide  of  copper,  we  have 
merely  carbonate  of  ammonia ;  and  finally,  16.394  for  the  prime  equivalent  of  the  me- 
a  ferreous  residue  slightly  attracted  by  the  talUc  salt.      When  cyanogen  and  sulphuret- 
magnet,  and  contaming  a  little  undecomposed  ted  hydrogen  were  mixed  together  by  M.  Gay 
prusdan  blue.  Lussac  in  his  researches  on  the  prussic  piin- 

IVoust,  in  the  Annates  de  Chimie,  voL  Ix.  ciple,  he  found  them  to  condense  into  yellow 

states,  that  100  parts  of  prussian  blue,  with-  adcular  crystals.     M.  Porrett  has  since  r^ 

out  afum,  yield  0.55  of  red  oxide  of  iron  by  marked,  that  these  crystals  are  not  formed 

combustion  ;  and  by  nitric  add,  0.54.     100  when  the  two  gases  are  quite  dry,  but  that 

of  cyanate  of  potash  and  iron,  he  further  they  are  quickly  produced  if  a  drop  of  water 

says,  afford,  after  digestion  with  sulphuric  or  is  passed  up  into  the  mixture.     He  does  nok 

nitric  add,  35  parts  of  prussian  blue.  think  thdr  solution  in  water  corresponds  to 

Ferrocyanate  of  ammonia  is  best  prepared  liquid  sulphuretted  chyazic  add :  it  does  not 

by  acting  on  ferrocyanate  of  lead  with  caus-  change  the  colour  of  litmus ;  it  has  no  effect 

tic  ammonia.    Hie  solution  being  evaporated  on  solutions  of  iron ;  it  contains  neither  prus- 

in  vacuo,  a  pulverulent  salt  is  obtained.     It  sic  nor  sulphuretted  chyazic  add;  yet  this 

is  a  hydrocyanate  of  protoxide  of  iron,  com-  add  is  formed  in  it  when  it  is  mixed  first  with 

bined  with  hydrocyanate  of  ammonia.  an  alkali  and  then  widi  an  add.     The  same 

ACID  (SULPHOCYANIC).    The  sul-  treatment  does  not  form  any  prussic  add. 

phuretted  chyazic  add  of  M.  Porrett  M.  Gay  Lussac  states,  that  the  yellow 

Dissolve  In  water  one  part  of  sulphuret  of  needles  obtained  from  the  joint  action  of 

potash,  and  boil  it  for  a  considerable  time  ^anogen  and  sulphuretted  hydrogen,   are 

with  three  or  four  parts  of  powdered  prussian  **  composed  of  1  volume  of  cyanogen,  and 

blue  added  at  intervals.     Sulphuret  of  iron  \\  volumes  of  sulphuretted  hydrogen." 

is  formed,  and  a  colourless  liquid,  containing  The  sulphocyanate  of  the  red  oxide  of  iron 

the  new  acid  combined  with  potash,  mixed  is  a  deliquescent  salt,  of  a  beautiful  crimson 

with  hyposulphate  and  sulphate  of  potash,  colour.     It  may  be  obtained  in  a  solid  form 

Render  this  liquid  sensibly  sour,  by  the  ad-  by  an  atmosphere  aitificiBlly  dried.  -    "' . 
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Groltlias  and  Vogd,  bj  fustog  ni^)hur 
with  ftrrocjanate  of  potish,  diasolving,  fiU 
tering^  and  drfing,  obtained  a  substaaoe  which 
Bendius  has  shown  to  be  a  sulphocyaoide  of 
potwiiim  Though  he  was  not  able  to  se- 
parate the  sulphoqranogen  or  sulphuret  of 
cfanqgen  from  the  base,  so  as  to  hare  it  in 
a  separate  slsle,  yet  he  deduced  its  compo- 
sitiout  from  experiments,  as  being  one  atom 
of  cyam^gen  3LS5»  •^  two  atoms  of  sulphur 

Tlie  sulphoeyanide  of  potassium  is  com- 
posed of  potassium  one  atom  5,  4~  sulpho- 
'cyanojgen  one  atom  7.25,  :s  12.25. 

MM.  Tiedmann  and  Gm^n  proved  the 
■preaenoe  ef  sulphocyanide  of  potassium  in 
the  saliva  of  man ;  and  of  sulphocyanide  of 
lodiuin  in  that  of  the  sheep.  By  distilling 
•human  saliva,  I  have  obtained  a  product  <^ 
aulpbocyanic  add  in  the  receiver.  See 
•Onuif,  and  Sauva. 

Siilphocyanic  add  consists  of  one  atom  of 
hydrogen  0.125^  4~  ^"^  ttam  of  sulpho- 
^cyanogen  7.25,  =  7.375^  On  substituting 
selenium  for  sulphur,  a  selenio-cyanide  of 
potassium  was  formedt  perfectly  analogous  to 
the  sulphocyanide. 

IVofesBor  Zeise  of  Copenhagen  describes 
(Ann-  de  Ck.et  PkyM.  zzvi)  a  new  acid,  and 
«  new  class  of  salts,  produced  by  mixing  in 
«  wide-mouthed  flask  16  measures  of  sulphu- 
ret of  carbon  with  45  measures  of  alcohol, 
and  100  measures  of  alcohol  saturated  with 
•ammoniacal  gas,  at  a  temperature  of  53^  F. 
•Two  sets  of  cryatak  form.  The  first  are 
-finished  in  an  hour  or  two,  and  have  a  feathery 
aspect  He  considers  them  to  be  bydroxan- 
thate  of  ammonia.  The  formation  of  the 
aeoond  set  of  crystals  takes  30  or  40  hours. 
'Tlicaeare  distinctly  grouped  in  stars,  have 
^onsidenble  lustre,  and  a  prismatic  form. 
•Tbej  are  hydrosulphuretted  hydrosulphocy- 
anate  of  ammonia.  The  flask  or  phial  should 
be  well  closed  with  a  ground  stopper  during 
the  -formation  of  these  crystals,  which  are 
■usually  of  a  bright  yellow  colour.  The  salts 
of  peroxide  of  copper  produce,  in  the  solution 
of  that  salt  in  water,  a  yellow  flocculent  pre- 
dpitate.  This  seems  to  be  a  compound  of 
ordinary  hydrosulphocyanic  add  with  bisuU 
phurct  of  copper.  On  dissolving  one  part 
of  bydroaulphuretted  hydrosulpbocyanate  of 
nmmonia  in  about  180  of  water,  adding  sui- 
phuric  or  muriatic  adds  diluted  with  16  parts 
of  water,  till  there  be  an  add  excess,  and 
then  dropping  into  this  mixture,  in  succes- 
sive mall  portions,  a  solution  of  red  oxide  of 
iron  in  sulphuric  or  muriatic  arid,  the  liquid 
becomes  a  little  dark  and  muddy,  but  it  soon 
brightens  up,  with  the  formation  in  great 
abundance  of  crystalline  white  scales,  which 
rapidly  settle  to  the  bottom.  These  crystab 
are  to  be  taken  out,  and  dried  by  pressure 
between  folds  of  filtering  paper,  lliis  nut- 
ter comaina  no  iron ;  bat  is  i|.  peculiar  com- 


pound of  sulphur,  carhon,  azote^  and  hydro- 
gen, to  which  M.  Zdse  gives  the  name  of 
crystalline  hydrosulpburet  of  cyanogen,  com- 
posed probably  of  1  atom  of  azote,  2  of  car- 
bon, 4  of  sulphur,  and  2  of  hydrc^g^en.  Hy- 
drosulphuretted hydrosulpbocyanate  of  am- 
monia is  represented  as  contsining  1  atom 
ammonia  2.125,  1  hydrosulphocyanic  acid 
7.375,  and  1  sulphuretted  hydrogen  2.125, 
r=  1 1.625.     See  Acid  (Hydroxamthic). 

ACID  (HYDROSELENIC).  The  best 
process  which  we  can  employ  for  procuritkg 
this  add,  according  to  M.  Berzelius,  con- 
sists in  treating  the  seleniuret  of  iron  with 
the  liquid  muriatic  add:  (^Ann,  de  Chim, 
et  de  Phys.  ix.  24a)  The  add  gas  evolvM 
must  be  collected  over  mercury.  As  in  this 
case  a  little  of  another  gas,  condensible  ne- 
ther by  water  nor  alkaline  solutions,  appears, 
the  bat  substance  for  obtaining  absolutdy 
pure  hydroselenic  add  would  be  sdeninret 
of  potMuum. 

.Sdeniuretted  hydrogen  gas  is  colouriess. 
.It  reddens  litmus.  Its  density  has  not  been 
determined  by  experiment.  Its  smell  re- 
sembles, at  first,  that  of  sulphuretted  hydro- 
gen gas;  but  the  sensation  soon  chsinges, 
and  another  succeeds,  which  is  at  once  pun- 
gent, astringent,  and  painful.  The  eyes 
become  almost  instantly  red  and  inflamed, 
and  the  sense  of  smelling  entirely  disappears. 
A  bubble  of  the  size  of  a  little  pea  is  sufii- 
dent  to  produce  these  effects.  Of  all  the 
bodies  derived  from  the  inorganic  kingdom, 
seleniuretted  hydrogen  is  that  which  ezerdses 
the  strongest  action  on  the  animal  economy. 
Water  dissolves  this  gas ;  but  in  what  pro- 
portions is  not  known.  This  solution  dis- 
turbs almost  all  the  metallic  solutions,  pro- 
dudng  black  or  brown  predpitates,  which 
assume,  on  rubbing  with  polished  haematites, 
a  metallic  lustre.  Zinc>  manganese,  and 
4;erium,  form  exceptions.  They  yield  flesh- 
coloured  predpitates,  which  appear  to  be 
hydroseleniurets  of  the  oxides,  whilst  the 
others,  for  the  most  part,  are  merely  metallic 
aeleniurets. 

ACID  (HYDROXANTHIC).  If  a 
certain  quantity  of  sulphuret  of  carbon  be 
poured  into  an  alcoholic  solution  of  one  of 
the  alkalis,  a  neutral  liquid  is  obtained,  in 
consequence  of  the  formation  of  a  new  add, 
which  neutralizes  the  alkalL  If  potash  has 
been  used,  the  salt  may  be  obtained  dther 
by  refrigeration,  evaporation,  or  predpitstton 
by  sulphuric  ether.  It  contsins  no  carbonic 
acid,  or  sulphuretted  hydrogen,  but  an  add 
whidi  is  in  the  same  relation  to  sulphuret  of 
carbon  that  hydrocyanic  add  is  to  cyanogen. 
Its  compounds  have  been  called  hydroxan- 
thates.  The  add  may  be  obtained  by  pour- 
ing a  mixture  of  four  parts  of  sulphuric  add 
and  three  of  water  on  the  salt  of  potash,  and 
in  a  few  seconds  adding  abundance  of  water. 
.The  add  collects  at  the  bottom  of  the  water 
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M  a  tnnspareiit  ilightly  coloured  dU;   i%  hydrogen  through  it,  diffused  in  ci^t  or  ten 

murt  be  quickly  washed  with  water  untU  free  times  its  wei^t  of  boiUng  water, 

from  sulphuric  acid.      This  acid  reddens  This  acid,  eraporated  to  the  consistence  of 

litmus  paper  powerfuUy.     Its  odour  differe  syrup,  and  left  to  itself,  concretes  in  hard  and 

from  that  of  sulphuret  of  carbon.     Its  taste  gnnuhu-  crystals.    It  is  very  soluble  in  water 

is  add  and  astringent.     It  bums  readily,  and  in  alcohol.     Its  taste  is  acid  and  very 

giving  out  sulphurous  fumes.     Dr  Zeite  ^  styptic.     It  combines  with  the  alkaline  and 

Copenhagen,  Journal  of  Science,  xv.  304  earthy  bases,  forming  salts  soluble  in  water 

ACID  (HYPONITROUS).     See  AaD  and  alcohoL     Its  combination  with  baryta  is 

(Nitric).  ^^  soluble,  and  crystallizes  with  difficulty, 

ACID  (HYPOPHOSPHORIC).    See  and  mushroom-Uke.     Ita  combination  with 

Acid  (Phosphoric).  ammonia,  when  perfectly  neutral,  does  not 

ACID  (HYPOPHOSPHOROUS).  See  form  a  precipitate  with  the  salta  of  silver. 

Acid  (Phosphorous).  mercury,  and  iron ;  but  it  comports  itself 

ACID   (HYPOSULPHURIC).       See  with  tiie  salts  of  copper  in  a  peculiar  man- 

Acid  (Sulphuric).  ner,  and  which  seems  to  characterize  the 

ACID  (HYPOSULPHUROU&)    See  acid  of  str^chnoi,  (for  the  same  add  is  found 

Acid  (Sulphurous).  in  ««»  vomica,  and  in  snake-wood,  6ois  de 

ACID  (IQASURIC).     MM.  Pelletier  couleuvre):  this  effect  consisU  in  the  decom- 

and  Caventou,  in  their  elegant  researches  on  position  of  the  salts  of  copper  by  its  ammo- 

^ihefaba  Sancti  IgnatU,  et  nux  vomica,  having  niacal  compound.     These  salts  pass  imme- 

observed  that  these  substances  contained  a  diately  to  a  green  colour,  and  gradually 

new  vegetable  base  (strychnine)  in  oombinfr.  deposit  a  greenish-white  salt,  of  very  sparing 

lion  with  an  acid,  sought  to  separate  the  Ut-  solubility  in  water.     The  acid  of  strycknoM 

ter,  in  order  to  determine  its  nature.    It  ap-  seems  thus  to  resemble  meoonic  add ;  but  it 

peared  to  them  to  be  new,  and  they  called  differs  essentially  from  it,  by  its  action  with 

it  igasuric  add,  from  the  MaUiy  name  by  salts  of  iron,  which  imme<hatdy  assume  a 

which  the  natives  designate  in  the  Indies  the  very  deep  red  colour  with  the  meconic  add  ; 

/aba  Sancti  IgnaliL     This  bean,  according  an  effect  not  produced  by  the  acid  of  HrycH'^ 

to  these  chemists,  is  composed  of  igasurate  not.    The  authon,  after  all,  do  not  positively 

4>f  strychnine,  a  little  wax,  a  concrete  oil,  a  affirm  this  acid  to  be  new  and  peculiar.— 

yellow  colouring  matter,  gum,  starch,  has-  jinn,  de  Chim,  et  de  Phys,  x.  142. 

aonne,  and  vegetable  fibre.  ACID  (INDIGOIC).  .  ThU  add,  first 

To  extract  the  add,  the  rasped  bean  must  described  by  Chevreul,  is  distinct  from  the 

be  heated  in  ether,  in  a  digester,  with  a  valve  carbasotic  acid,  also  pnk^urable  from  indigo 

of  safety.    Thus  the  concrete  oil,  and  a  little  by  the  action  of  nitric  add.    To  obtain  Chev- 

i^urate  of  strydmine,  are  dissolved  out.  leul's  acid,  nitric  add  sp.  gr.  1.285,  diluted 

When  the  powder  is  no  longer  acted  on  by  with  rather  more  than  ita  wdght  of  water,  is 

the  ether,  they  subject  it,  at  several  times,  to  heated  in  a  retort,  and  small  portions  of  in- 

the  action  of  boiling  alcohol,  which  carries  off  digo»  in  fine  powder,  are  added  as  long  as 

Ihe  oil  which  had  escaped  the  ether,  as  also  any  sensible  effervescence  is  produced ;  a  lit- 

ivax,  which  is  deposited  on  cooling,  some  tie  water  being  dropped  in  from  time  to  tune 

igasurate  of  strychnine^  and  colouring  mat.  to  prevent  the  formation  of  caibazotic  add. 

ter.     All  the  alcoholic  decoctions  are  united,  The  yellow  liquid  is  separated,  while  hot, 

filtered,  and  evaporated.    Ihe  brownish-yel-  from  the  resinous  matter,  and  by  cooling  it 

low  residuum  is  diffused  in  water ;  magnesia  deposita  crystals  of  the  add  of  indiga     This 

is  now  added,  and  the  whole  is  boiled  toge-  was  boiled  with  oxide  of  lead,  filtered,  and 

ther  (br  some  minutes.     By  this  means  the  the  salt  present  decomposed  by  sulphuric 

igasurate  is  decomposed,  and  from  this  de-  add  whilst  hot;  on  cooling,  the  liquor  depo- 

composition  there  resulta  free   strychnine^  sited  the  add  of  indigo  in  yellowish-white 

and  a  sub-igasurate  of  magnesia,  very  little  crystals :  these  were  separated,  dissolved  in 

soluble  in  water.     Washing  with  cold  water  hot  water,  neutralized  by  carbonate  of  b»- 

removes  almost    completely  the  colouring  ryta,  the  solution  concentrated,  and  allowed 

matter,  and  boiling  alcohol  then  separates  the  to  cool ;  yellow  adcular  crystals  of  a  barytic 

strychnine,  which  falls  down  as  the  liquid  salt  were  obtained,  which  bdng  washed  with 

cools.      Fmally,  to  procure  igasuric  add  cold  water,  dissolved  in  hot  water,  and  de- 

from  the  sub-igasurate  of  magnesia,  which  composed  by  acids,  gave  acicukr  crystals  of 

remains  united  to  a  small  quantity  of  colour-  the  add  of  indigo,  white  as  snow.     OTiey 

log  xnatter,  we  must  dissolve  the  magnedan  were  collected  and  washed  upon  a  filter, 

salt  in  a  great  body  of   boiling  distilled  Tliey  shrunk  into  a  small  space  when  dry, 

water;  concentrate  tlie  liquor,  and  add  to  it  losing  almost  enUrely  thdr  crystalline  aspect, 

acetate  of  lead,  which  immediately  throws  This  add  is  white,  with  tlie  lustre  of  sUk; 

down  the  add  in  the  stete  (ff  an  igasurate  of  it  has  a  weak  add  bitter  taste,  reddens  lit- 

lead.     ITiis  compound  is  tlien  decomposed,  mus,  dissolves  in  any  quantity  in  boiling 

by  transmitting  a  current  of  sulphuretted  water  or  alcohol,  forming  colourless  solu- 
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iSem,  but  reyiirei  1000  parts  of  cold  water  Marceiy  known ;  that  of  lima  constUutai  7 

to  dimlve  it.     It  is  volatile;  fusing  and  per  oentof  ctncAona. 
sutilimiiig  witbont  decomposition  when  heat-         ACID  (KRAMERIC).    A  peculiar  suhi* 

fd  in  a  tube.     The  fused  add,  bj  cooling,  stance^  which  M.  Peschier  of  Geneva  thou^t 

cr]rstallixes  in  six-stded  plates.     In  the  air  it  he  had  found  in  the  root  of  the  JTrameria 

bums  with  a  bright  flame^  erolving  much  irianttria, 

smoke.  Nitric  add  converts  it  into  a  car-  ACID  (LACCIC)  of  Dr  John.  Hus 
baaotic  add.  Ndther  chlorine  gas,  nor  chemist  made  a  watery  extract  of  powdered 
aohition  of  chlorine,  has  any  effect  on  it  It  stick  lac,  and  evaporated  it  to  dryness.  He 
gives  a  blood-red  colour  to  solutions  of  the  digested  alcohol  on  this  extract,  and  evapo- 
petozide  salts  of  iron.  IVhen  decomposed  rated  the  alcoholic  extract  to  dryness.  He 
by  heat  and  oxide  of  copper,  it  yields  aaote  digested  this  mass  in  ether,  and  e%-aporated 
and  carbonic  acid,  in  the  same  proportions  the  ethereal  solution ;  wlien  he  obtained  a 
as  indigo  itself.  Hie  constituents  of  the  syrupy  mass  of  a  light  yellow  colour,  which 
add  ar«,  hydrogen  2,  carbon  47,  azote  7.3,  was  again  dissolved  in  alcohol.  On  add- 
OKygen  43*7,  in  100  parts.  J  00  parts  of  the  ing  water  to  this  solution,  a  little  resin 
aad  combine  vrith  90  of  baryta.  fell.  A  peculiar  acid  united  to  potash  and 
ACID  (lODO-SULPHURIC).  When  lime  remains  in  the  solution,  which  is  ob- 
we  poor  sulphuric  add,  drop  by  drop,  into  tained  free,  by  forming  with  acetate  of  lead 
a  ooDcentFBted  and  hot  aqueous  solution  of  an  insoluble  laccate^  and  decomposing  this 
iodic  acid,  there  immediately  results  a  pred-  vrith  the  equivalent  quantity  of  sulphuric 
picate  of  iodo-eulphttric  add,  possessed  of  add.  Lacdc  add  crystallizes ;  it  bas  a  wine- 
peculiar  properties.  Exposed  gradually  tp  yellow  colour,  a  sour  taste,  and  is  solu- 
Ifae  action  of  a  gentle  heat,  the  iodo-sulphu-  ble,  as  we  have  seen,  in  water,  alcohol,  and 
ric  add  melts,  and  crystallizes  on  cooling  ether.  It  precipitates  lead  and  mercury 
into  rhomboids  of  a  pale  ydlow  colour,  white;  but  it  does  not  affect  lime,  baryta, 
When  strongly  heated  it  sublimes,  and  is  or  silver,  in  their  solutions.  It  throws  down 
partially  decomposed ;  the  latter  portion  be-  the  salta  of  iron  white.  With  lime,  soda, 
ing  converted  into  oxygen,  iodine^  and  suL*  and  potssh,  it  forms  deliquescent  salts,  solu- 
phuric  add.  ble  in  alcohol. 

Pfaospboric  and  nitric  adds  exhibit  similar  ACID  (LACTIC).  The  extract  which  is 
phenomena.  These  compound  adds  act  with  obtained  when  dried  whey  is  digested  with 
great  energy  on  tlie  metals.  Hiey  dissolve  alcohol,  contains  uncombizfed  lactic  add,  lac- 
gold  and  platinum.  tate  of  potash,  muriate  of  potash,  and  a 
ACID  (IODIC).  See  p.  40.  proper  animal  matter.  As  the  elimination 
ACID  (lODOUS).  See  p.  4J .  of  the  acid  affords  an  instructive  example  of 
ACID  (KINIC).  A  peculiar  add  ex-  chemical  research,  we  shall  present  it  at 
tracted  by  M.  Vauquelin  Arom  dnchona.  some  detail  from  the  2d  volume  of  Berze- 
Jjet  «  watery  extract  from  hot  infusions  of  lius's  Animal  Chemistry, 
the  bark  in  powder  be  made.  Alcohol  re-  He  mixed  the  above  alcdiolic  solution 
moves  the  resinous  part  of  this  extract,  and  with  another  portion  of  alcohol,  to  which  7V 
kaves  a  visdd  residue,  of  a  brown  colour,  gf  concentrated  sulphuric  add  had  been 
which  bas  hardly  any  bitter  taste,  and  which  luJded,  and  continued  to  add  fresh  portions 
consists  of  kinate  of  lime  and  a  mudUiginous  gf  this  mixture  as  long  as  any  saline  pred- 
matter.  This  residue  is  dissolved  in  water,  pitate  was  formed,  and  until  the  fluid  had 
the  Kquor  is  filtered  and  left  to  spontaneous  acquired  a  deddedly  add  taste.  Some  sul- 
cvaporation  in  a  warm  place.  It  becomes  phate  of  potash  was  predpitated,  and  there 
thick  like  syrup,  and  then  deposits  by  degrees  lemained  in  the  alcohol,  muriadc  add,  Uedc 
crystalline  plates,  sometimes  hexaedral,  so^ie-  add,  sulphuric  add,  and  a  minute  portion  of 
times  rfaomboidal,  sometimes  square^  and  phosphoric  add,  detached  from  some  bone 
aivrays  coloured  sKghtly  of  a  reddish-brown,  earth  which  had  been  held  in  solution.  The 
These  plates  of  kinate  of  lime  must  be  puri-  acid  liquor  was  filtered,  and  afterwards  di- 
fied  by  a  second  crystalh'zation.  They  are  then  gested  with  carbonate  of  lead,  which  with  the 
dissolved  in  10  or  12  tunes  thdr  wdght  of  Umtic  add  affords  a  salt  soluble  in  aloohoL 
water,  and  very  dilute  aqueous  oxalic  add  is  As  soon  as  the  mixture  had  acquired  a  sweet- 
poured  into  the  solution,  till  no  more  preci-  i^h  taste^  the  three  mineral  adds  bad  fallen 
pitate  is  formed.  By  filtration  the  oxaUte  down  in  combination  with  the  lead,  and  the 
of  lime  is  separated,  and  the  kinic  acid  bdng  lactic  add  remained  behind,  imperfectly  satu- 
conccntrated  by  spontaneous  evaporation,  nted  -by  a  porUon  of  it,  from  which  it  was 
yiekls  regular  crystals.  It  is  decomposed  by  detached  by  means  of  sulphuretted  hydro- 
beat.  While  it  forms  a  soluble  salt  with  gen,  and  then  evaporated  to  the  consistence 
lime,  it  does  not  predpitate  lead  or  sUver  of  a  thick  varnish,  of  a  daric  brown  colour, 
fimn  their  solutions.  These  are  characters  and  sharp  add  taste,  but  altogether  without 
siifiideRtly  distiDctive.      The   ki  nates   are  tmelL 
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In  Older  to  Irae  it  from  tbe  ■oimal  matter 
which  might  remain  combined  with  it,  ha 
•Mled  it  with  a  mixture  of  a  large  quantity 
of  freah  lime  and  water,  so  that  the  animal 
anhrtances  were  predpitated  and  deatroyed 
by  the  lime.  The  lime  became  yellow- 
brown,  and  die  solution  almost  colourless, 
while  the  mass  emitted  a  smell  of  soap  lees, 
which  disappeared  as  the  boiling  was  con- 
tinued. The  fluid  thus  obtained  was  filter- 
cd,  and  eraporated,  until  a  great  part  of  the 
superfluous  lime  held  in  solution  was  pre- 
cipitated. A  smalt  portion  of  it  was  then 
decomposed  by  oxalic  add,  and  cartMHiateof 
silver  was  dissolved  in  the  uncombined  lactic 
add,  until  it  was  fully  saturated.  With  the 
assistance  of  the  lactate  of  silver  thus  obtain- 
ed, a  fSuther  quantity  of  muriatic  add  was 
separated  from  the  lactate  of  lime,  which 
was  then  decomposed  by  pure  oxalic  add, 
free  from  nitric  add*  taking  care  to  leave  it 
in  such  a  state  that  neither  the  oxalic  add 
nor  lime  water  afforded  a  predpitat&  It 
was  then  evaporated  to  dryness,  and  disserved 
again  in  alcohol ;  a  small  portion  of  oxalate 
ci  lime,  before  retained  in  union  with  the 
add,  now  remaining  undissolved.  The  alco- 
hol was  evaporated  until  the  mass  was  no 
longer  fluid  while  warm ;  it  became  a  brown 
clear  transparent  arid,  which  was  the  lactic 
add,  tree  from  all  substances  that  we  have 
hitherto  had  reason  to  think  likely  to  conta- 
minate It 

The  lactic  add,  thus  purified,  has  a  brown- 
yellow  colour,  and  a  sharp  sour  taste,  which 
Is  much  weakened  by  diluting  it  with  water. 
it  ia  without  smell  in  the  cold,  but  emits, 
when  heated,  a  sliarp  sour  smell,  not  unlike 
that  of  sublimed  oxalic  add.  It  cannot  be 
made  to  crystallise,  and  does  not  exhibit  the 
slightest  appearance  of  a  saline  substance,  but 
dries  into  a  thick  and  smooth  varnish,  which 
plowiy  attracts  moisture  from  the  air.  It  is 
very  easily  soluble  in  alcohol.  Heated  in  a 
gold  spoon  over  the  flame  of  a  candle,  it 
first  boils,  and  then  its  pungent  add  smell 
becomes  very  manifest,  but  extremely  dis. 
tinct  from  that  of  the  acetic  add;  afteF*> 
wards  it  is  duored,  and  has  an  empyreu^ 
matic,  but  by  no  means  an  animal  smeU.  A 
porous  charcoal  is  left  behind,  which  does 
not  readily  bum  to  ashes.  When  distilled, 
it  gives  an  empyreumatic  oil,  water,  empy- 
reumatic  yinegar,  cartwnic  add,  and  infl«n- 
mable  gases.  With  alkalis,  earths,  and  me- 
taUic  oxides,  it  affords  peculiar  salts:  and 
these  are  distinguished  by  being  soluble  in 
alcohol,  90i  in  general  by  not  having  the 
least  dbpbsition  to  crystallize,  but  drying 
into  a  mass  like  gum,  which  slowly  becomes 
moist  in  the  air. 

lactate  of  jtoioMh  is  obtained,  when  the 
lactate  of  lime,  purified  as  haa  been  men- 
tioned, is  mixed  with  a  warm  solution  of 
carbonate  of  potash.     It  forms,  in  dryings 


a  gunimyy  light  yellow-brown,  tnnsparent 
mass,  which  cannot  easily  be  made  hard. 

The  iactaie  of  ioda  resembles  that  of  pot- 
ash, and  can  only  be  distinguished  from  it  by 
nnalyssi 

LaetaU  ofummonku  If  concentrated  lac- 
tic add  is  saturated  with  caustic  ammonia  in 
excess,  the  mixture  acquires  a  strong  volatile 
amell,  not  unlike  that  of  the  acetate  or  for- 
miate  of  ammonia,  which,  however,  soon 
ceases.  Hie  salt  which  is  left  has  sometimes 
a  slight  tendency  to  shoot  into  crystals. 

liie  lactate  of  baryta  may  be  obtained  in 
tlie  same  way  as  that  ^lime ;  but  it  then  con- 
tains an  excess  of  the  base.  When  evaporated 
ft  aflbrds  a  gummy  mass,  soluble  in  alcohoL 

The  lactate  of  lime  is  obtained  in  the  man- 
ner above  described.  It  affivds  a  gummy 
mass,  which  is  also  divided  by  alcohol  into 
two  portions. 

Xocfole  o^  magnsno,  evaporated  to  the  coD- 
sistenoe  of  a  thin  syrup,  and  left  In  a  warm 
plaoe^  shoots  into  small  granular  crystals. 

The  lactate  of  wUuer  is  procured  by  die- 
solving  the  carbonate  in  the  lactic  add.  Hie 
solution  is  of  a  light  yellow,  somewhat  inclin- 
ing to  green,  and  has  an  unpleasant  taste  of 
•verdigris. 

The  latitaU  rf  iron  is  of  a  red-brown  co- 
lour, does  not  crystallise,  and  is  not  soluble 
in  aloohoL  The  lactate  of  tine  ciystalliaes. 
Both  these  metak  are  dissolved  by  the  lactic 
add,  with  an  extrication  of  hydrogen  gas. 
The  lactate  of  copper,  according  to  its  diffe- 
rent degrees  of  saturation,  varies  from  blue 
to  green  and  dark  blue.  It  does  not  crys- 
tallize. 

It  is  only  necessary  to  compare  the  de- 
scriptions of  these  salts  with  what  we  know 
of  the  salts  which  are  formed  with  the  same 
bases  by  other  adds,  for  example^  the  acetic, 
the  malic,  and  others,  in  order  to  be  com- 
pletely convinced  that  the  lactic  add  must  be  a 
peculiar  add,  perfectly  distinctfrom  all  crthera. 
Its  prime  equivalent  may  be  called  5.8. 

The  nanceie  add  of  Braconnot  resembles 
the  lactic  in  many  respects. 

ACI D  (LITHIC).  Lithate  of  potash  ia 
obtained  by  digesting  human  urinary  calculi 
in  caustic  lixirium;  and  Fourcroy  recom- 
mends the  predpitation  of  the  lithic  add  from 
this  solution  by  acetic  add,  as  a  good  process 
for  obtaining  die  acid  pure,  in  small,  whit^ 
shining,  and  almost  pulverulent  needles. 

It  has  the  form  of  white  shining  plates, 
which  are  denser  than  water.  Has  no  taste 
nor  smelL  It  dissolves  in  about  1400  parts 
of  boiling  water.  It  reddens  the  infusion  of 
litmus.  When  dissolved  in  nitric  add,  and 
evaporated  to  dryness,  it  leaves  a  pink  sedi- 
ment. Hie  dry  add  is  not  acted  on  nor  dis- 
solved by  the  alkaline  carbonates  or  sub-car- 
bonates. It  decomposes  soap  when  assisted 
by  heat;  as  it  does  also  the  alkaline  ftulr 
pliurets  and  hydrosulphuret&     No  add  acts 
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on  it,  euapt  tbow  that  ocemami  its  dtioom- 
pcMtkni.  It  ditsolVcs  in  hot  lolutioiis  of 
polnh  and  soda,  and  likewiae  in  ammonia, 
but  leas  readily.  The  Uthates  may  be  fbnned, 
citiier  by  mutually  Maturating  the  two  oon» 
■titneiits,  or  we  may  diiaoWe  the  add  in  an 
ezcev  of  bate,  and  we  may  then  precipitate 
by  carbonate  of  anmionia.  The  lithates  are 
aU  tasteleas,  and  resemble  in  appearance  lithic 
add  itself.  Tbey  are  not  altered  by  exposure 
to  the  atmosphere.  They  are  rerj  sparingly 
sohible  in  water.  They  are  decomposed  by 
a  red  heat,  which  destroys  the  acid.  The 
lithic  acid  is  precipitated  from  these  salts  by 
all  the  adds,  except  the  pniasic  and  carbonic. 
Ibey  are  decomposed  by  the  mtrstes,  muri- 
ates, and  acetates  of  baryta,  stnmtia,  lime^ 
magnesia,  and  alumina.  Tbey  are  predpi* 
tated  by  all  the  metallic  solutions,  except  that 
of  gold.  When  lithic  add  is  exposed  to  heat, 
the  prodnclB  are  carburetted  hydrogen,  and 
carbonic  add,  prussic  add,  carbonate  of  am- 
monia, a  sublimate  consisdng  of  ammonia 
eembined  with  a  peculiar  add,  which  has  the 


Its  colour  is  yellow,  and  it  has  a  cooling 
bitter  taste.  It  dissolves  readily  in  water, 
and  in  alkaline  solutions,  from  which  it  is  not 
predpttatcd  by  adds.  It  dissolves  also  spar- 
ingly in  alcohoL  It  is  volatile^  and  when  sub* 
limed  a  second  tnne^  becomes  much  whiter. 
The  watery  solution  reddens  vegetable  blues, 
but  a  very  small  quantity  of  ammonia  de- 
stroys tins  piupeity.  It  does  not  cause  ener- 
vescence  with  alkaline  carbonates.  By  ev^ 
potation  it  yields  permanent  crystals,  but  ill 
defined,  from  adhering  animal  matter.  These 
redden  vegetsble  blues.  Potash,  when  added 
to  these  crystals,  disengages  ammonia.  When 
tlissolved  in  nitric  add,  they  do  not  leave  a 
ted  stain,  as  happens  with  uric  add;  nor 
docs  tiicir  solution  in  water  decompose  the 
earthy  salts,  as  happens  with  alkaline  lithates 
(or  urates).  Ndther  has  it  any  action  on 
the  salts  of  copper,  iron,  gold,  platraum,  tin, 
or  OBcrcury.  With  nitrates  of  silver,  and 
mercury,  and  acetate  of  lead,  it  forms  a  white 
precipitate,  soluble  in  an  excess  of  nitric  add. 
Muriatic  add  occasions  no  piedpitate  in  the 
aotntion  of  these  crystals  in  water.  These 
properties  show,  that  the  add  of  the  sub- 
liaaate  is  diflfenent  ftom  the  uric,  and  from 
every  other  known  add.  Dr  Austin  found, 
that  by  repeated  distillations  lithic  add  was 
resolved  into  ammonia,  nitrogen,  and  prusdc 
add.     See  AczB  (Pybouthic). 

When  lithic  add  is  projected  into  a  flask 
with  chlorine^  there  is  formied,  in  a  little  time, 
muriate  of  ammonia,  oxalate  of  ammonia, 
carbonic  arid*  muriatic  add,  and  malic  acid : 
the  same  results  are  obtained  by  passing 
dilorine  through  water  holding  tUs  add  in 


M.  Gay  Lussac  mixed  lithic  add  with  20 
times  its  weight  of  oiide,of  copper,  put  the 


BiixtUFe  into  a  glass  tube,  and  covered  it  witB 
a  quantity  of  copper  filings.  Hie  copper  fil-> 
ings  being  first  healed  to  a  dull  red,  heat  was 
applied  to  the  mixture.  Hie  gas  which  came 
over  was  composed  of  0.69  csrbooic  add, 
and  0.31  nitrogen.  He  conceives,  that  the 
bulk  of  the  carbonic  add  would  have  been 
exactly  double  that  of  the  nitrogen,  had  it 
not  been  for  the  formation  of  a  b'ttle  carbo- 
nate of  ammonia.  Hence,  uric  acid  contains 
two  prime  equivalents  of  carbon,  and  onenf 
nitrogen.  This  is  the  same  proportion  as 
exists  in  cyanogen.  Probably,  a  prime  equi- 
valent of  oxygen  is  present.  Dr  Prout,  in 
the  dghth  voL  of  the  Med.  Chir.  Trans,  de- 
soibes  the  result  of  an  analysis  of  lithic  add, 
effected  also  by  ignited  oxide  of  copper,  but 
so  conducted  as  to  determine  the  product  of 
oxygen  and  hydrogen.  Four  grains  of  lithic 
add  yidded,  water  1.05,  carbonic  add  11.0 
c.  inches,  nitrogen  £.5  ditto.  Hence^  it  con- 
sisted of 

Hydrogen,      2.857  or  1  prime  =x  0tl25 
Carbon,         Bk286      2  sr  1.509 

Oxygen,        22.657       1  s  1.000 

Nitrogen,      40.00         1  as  1.750 

100.000  4.375 

M.  Berard  has  published  an  analysis  of 

lithic  add  since  Dr  Pktmt,  in  which  he  also 

employed  oxide  of  copper, 
llie  following  are  the  results: 

CartMn,     33.61  ^  Cl  Csrbon. 

Oxygen,     18.89f  which  sp- J  1  Oxygen.  * 

Hydrogen,  8t34  ^  proacb  to  y  4  Hydrogen; 

Nitrogen,  39.163  (.1  Nitrogen. 

loaoo 

Here  we  find  the  nitrogen  and  carbon 
nearly  in  the  same  quantity  as  by  Dr  Prout; 
but  there  is  much  more  hydrogen  and  less 
oxygen.  By  urste  of  baryta,  we  have  the 
prime  equivalent  of  uric  add  equal  to  15.67^ 
and  by  urate  of  potash  it  appears  to  be  14.0. 
It  is  needless  to  try  to  accommodate  an  ar- 
ladji^ement  of  prime  equivalents  to  these  dis- 
crepandes.  .  llie  lowest  number  would  ro- 
quire,  on  the  Daltonian  plan,  an  association 
of  more  than  twenty  atoms,  the  grouping  of 
which  is  rather  a  sport  of  fancy  than  an  exer<- 
dse  of  reason.  For  what  benefit  could  ac- 
crue  to  chemical  sdence  by  stating,  that  if 
we  consider  the  atom  of  lithic  add  to  be 
16.75^  then  it  would  probably  consist  of 

7  atoms  Osrbon,         s=s  5.25        31.4 

3  Oxygen,        S3  3.00         17.90 
12  Hydrogen,    ss  1.500        a90 

4  Nitrogen,      s=s7.00        41.80 

26  16w75      100.0 

ACID  (MANGANESIC).  When  man- 
ganesate  of  potash  (cameleon  mineral)  is  dis- 
tilled with  a  little  anhydrous  sulphuric  acid, 
manganesic  add  is  evolved  in  the  form  of  a 
red  transparent  gas,  which  dissolves  in  water. 
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fiimiiiig  a  nd  lolntioii.  Tlie  gn  ftvqiMDtiy 
deoompoMS  qmntaneouslj  in  the  retort  with 
ezplosioD,  produciDg  oxide  of  numganese  and 
oxygen. 

Manganeaate  of  potash  was  analjaed  by 
distilling  it  with  excess  of  sulphuric  add,  col- 
lecting the  oxygen  disengaged,  and  estimat- 
ing tlM  proportion  of  protoxide  of  manganese 
and  salts  <i  potssh  remaining  in  the  retort. 
According  to  these  experiments^  the 
consists  of 

Bfanganese,       58^74 

Oxygen,  41.26 


100.00 

And  the  manganesate  of  potash  cai 

Idncd— 

Potash,                    25.03 

38.75 

Mangsnesic  add,     58.44 

67.85 

Water,                     81.83 

100.00 


loaoo 


ACID  (MALIC).  Hie  add  of  apples, 
called  malic,  may  be  obtained  most  conve- 
niently and  in  grntest  purity  from  the  berries 
of  the  mountsin-ash,  called  torlnu  or  pyrus 
aueupariaf  and  hence  it  has  been  called  sor- 
bic  add.  This  was  supposed  to  be  a  new 
and  peculiar  add  by  Mr  Donovan  and  M. 
Vauquelin,  who  wrote  full  dissertations  upon 
it  But  it  now  appears  that  the  sorbic  and 
pwv  malic  acids  are  identical. 

Bruise  the  ripe  berries  in  a  mortar,  and 
then  squeeze  them  in  a  linen  bag.  Ibey 
yield  nearly  half  their  weight  of  juice,  of  the 
apecific  grsvity  of  1.077.  This  visdd  juice, 
by  remaining  for  about  a  fortnight  in  a  warm 
tampersture,  experiences  the  vinous  fermen- 
tation, and  would  yield  a  portion  of  alcohoL 
By  tills  change^  it  has  become  bright,  dear, 
and  passes  eadly  through  the  filter,  while  the 
sorbic  add  itself  is  not  altered.  Mix  the 
dear  juice  with  filtered  solution  of  acetate  of 
lead.  Separate  the  predpitate  on  a  filter, 
and  wash  it  with  cold  water.  A  large  quan- 
tity of  boiling  water  is  then  to  be  poured 
upon  the  filter,  and  allowed  to  drain  into 
glass  jars.  At  the  end  of  some  hours  the 
scdution  deposits  crystals  of  great  lustre  and 
beauty.  Wash  these  with  cold  water,  dis- 
solve them  in  boiling  water,  filter,  and  crys- 
tallise. Collect  the  new  crystals,  and  boil 
them  for  half  an  hour  in  8.3  times  their 
weight  of  sulphuric  add,  spedfic  gravity 
1.090,  supplying  water  as  fast  as  it  evapo- 
rates, and  stirring  the  mixture  diligently  with 
a  glass  rod.  1^  dear  liquor  is  to  be  de- 
csnted  into  a  tall  narrow  glass  jar,  and,  while 
still  hot,  a  stream  of  sulphuretted  hydrogen 
is  to  be  passed  through  it.  When  the  lead 
has  been  all  thrown  down  in  a  sulphuret,  the 
liquid  is  to  be  filtered,  and  then  boiled  in  an 
open  vessel  to  dissipate  the  adhering  sulphu- 
retted hydrogen.  It  is  now  a  solution  of 
sorbic  add. 


When  it  is  evapuiated  to  the  eonsistence 
of  a  syiup,  it  forms  mammdated  nwssei  of  a 
crystalline  structure.  It  still  contains  a  con- 
siderable quantity  of  water,  and  deliqnesoea 
when  exposed  to  the  air.  Its  solution  is  trans- 
parent, oolourieas,  void  of  smdl,  but  power- 
fully sdd  to  the  teste.  Lime  and  baryta 
waters  are  not  predpitated  by  solution  of  the 
sorbic  add,  although  ihe  sorbate  of  lime  is 
nearly  insoluble.  One  of  the  most  charac- 
teristic properties  of  this  add  is  the  predpi* 
tate  which  it  gives  with  the  acetate  of  lead, 
which  is  at  first  white  and  flocculent,  but 
afterwards  assumes  a  brilliant  crystalline  ap- 
pearance. With  potash,  soda,  and  ammonia* 
it  fonns  crystsllisable  salts  contsining  an  ex- 
cess of  acid.  Huit  of  potash  is  ddiquescent. 
Sorbate  of  baryta  consists,  according  to  M. 
Vauquelin,  of  47  sorbic  add,  and  53  baryta, 
in  100.  Sorbate  of  lime  well  dried,  appewed 
to  be  composed  of  67  add  -f-  33  lime  =r  100. 
Sorbate  of  lead,  which  in  solution,  like  most 
of  the  other  sorbates,  retains  an  adduloua 
tsste,  consists  in  the  dried  state  of  33  add  -f« 
67  oxide  of  lead  in  100.  The  ordinary  sor- 
bate contains  18.5  per  cent  of  water.  M. 
Vauquelin  says  that  Mr  Donovan  was  mis» 
taken  in  supposing  that  he  had  obtained  super 
and  sub-eorbates  of  lead.  There  is  only  one 
salt  with  this  base^  according  to  M.  Vau- 
quelin. It  is  nearly  insoluble  in  cold  water ; 
but  a  little  more  so  in  boiling  water :  as  it 
cods,  it  crystallizes  in  the  beautiful  whiter 
brilliant,  axid  shining  needles,  of  which  we 
have  already  spoken.  A  remariiable  pheno- 
menon occurs  when  sbrbate  of  lead  is  boiled 
in  water.  Whilst  one  part  of  the  salt  satu- 
rates the  water,  the  other  part,  for  want  of  a 
Buffident  quantity  of  fluid  to  dissolve  it,  is 
partially  mdted,  and  is  at  first  kept  on  the 
surfiue  by  the  force  of  ebullition,  but  after 
some  time  falls  to  the  bottom,  and  as  it  cook 
becomes  strongly  fixed  to  the  vesseL 

To  procure  malic  add,  M,  Brseonnot  sa- 
turates with  chalk  the  juice  of  the  scsrcdy 
ripe  berries,  evaporates  to  the  consistence  of 
a  syrup,  removing  the  froth ;  and  a  granular 
soibate  falls,  which  he  decomposes  by  car- 
bonate of  soda.  The  soibate  of  soda  u  fieed 
fiom  colouring  matter  by  a  little  lime^  strsin- 
•ed,  freed  finom  lime  by  carbonic  add  ga%  and' 
decomposed  by  subaoetate  of  lead,  and  treated 
as  above. 

M.  Vauquelin  analyzed  the  add  in  the 
dry  malates  of  copper  and  lead. 

The  following  are  its  constituents: 
Hydrogen,   16.8 
Carbon,       88.3 
Oxygen,       54.9 

100.0 
M.  Vauquelin*s  analysis  of  the  malate  of 
lead  gives  7.0  for  the  prime  equivalent  of  ttus 
acid ;  the  sorbate  of  lime  gives  7.830 ;  and 
.the  lorbate  of  baryta  8.6. 
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The  cakmODS  salt  hsving  been  procured 
in  »  neutnl  alale*  by  the  addition  of  carbonate 
of  poCnh  to  iti  actduloiis  lolution,  it  mi^t 
nadily  be  mixed  with  as  much  carbonate  of 
lime  M  woold  diminiab  the  apparent  equiya- 
lent  of  «cidilrom  7.50  to  7.290;  especiaUj  m 
the  barytic  compound  gives  no  less  than  8.6. 
Had  the  composition  of  the  malate  of  lime 
been  67.7  and  38.3,  instead  of  67  and  33» 
the  prime  equivalent  of  the  add  would  come 
out  7.S,  as  its  ultimate  analysis  indicates. 
Dr  Ptout's  analysis  of  malic  acid  gives 

Carbon,       40.68 

Water,         45.76 

Oxygen,       1&56 

loaoo 

As  the  pure  malic  add  appears  to  be  witb- 
■ont  odour,  without  colour,  and  of  an  agree- 
able taste,  it  might  be  substituted  for  the  tar- 
taric and  dtric,  in  medidne  and  the  arts. 

The  same  add  may  be  got  from  apples,  in 
n  similar  way. 

ACID  (MARGARIC).  When  we  im- 
mene  soap  made  of  pork-grease  and  potash 
in  a  huge  quantity  of  water,  one  part  is  dis- 
solved, while  another  pert  is  predpitated  in 
the  form  of  several  brilliant  pellets.  Hiese 
are  separated,  dried,  washed  in  a  large  quan^ 
tity  of  water,  and  then  dried  on  a  filter.  They 
are  now  dissolved  in  boiling  alcohol,  sp.  gr. 
€l880^  ftom  which,  as  it  cools,  the  pearly  sub- 
stance ftlla  down  pure.  On  acting  on  this 
with  dilute  muriatic  add,  a  substance  of  a 
pf<BiKy  kind,  which  M.  Chevreul,  the.dis- 
ooverer,  calls  margarine,  or  margaric  aad,  is 
flcparsted.  It  must  be  well  washed  with 
water,  dissolved  in  boiling  alcohol,  from 
which  it  is  recovered  in  the  same  crystalline 
pearly  form,  when  the  solution  cools. 

Margaric  add  is  peariy  white,  and  taste- 
less. Its  smdl  is  feeble^  and  a  little  similar 
to  that  of  mdted  wax.  Its  spedfic  grarity  is 
inferior  to  water.  It  melts  at  134^  F.  into 
limpid  colourless  liquid,  which  ciyfr> 
on  cooling,  into  brilliant  needles  of 
the  finest  white.  It  is  insoluble  in  water,  but 
very  soluble  in  alcohol,  sp.  gr.  0.800.  Cold 
margaric  add  has  no  acticm  on  the  cokmr  of 
litmus;  but  when  heated  so  as  to  soften  with- 
out melting,  the  blue  was  reddened.  It  com- 
bines with  the  salifiable  bases,  and  forms  nei>> 
tral  compounds.  100  parts  of  it  unite  to  a 
quantity  of  base  containing  three  parts  of 
oxygen,  supposing  that  100  of  potash  contain 
17  of  oxygen.  Two  orders  of  margarates  are 
formed,  the  margarates  and  the  supermarga- 
FBtes;  the  former  bring  converted  into  the 
latter  by  pouring  a  large  quantity  of  water 
on  them.  Other  ito  betides  that  of  the  hog 
yield  this  substance. 

jidiL  Base. 
Mafgante  of  potash  consists  of  100  17.77 
fiopermargaratc^  •  •  100  8.88 
Margame  of  soda,    -        -        100    12.78 


Jcid.  Jh$i. 
Baryta,  ...  100  88.03 
Strontia,  ...         100    80.83 

lime^     -        *        -        .         100     11.06 

Potash. 
Supermargarate  of  Human  fat,  100      a85 

Sheep  fat,      100      &68 
Ox  fat,  100      &78 

Jaguar  fat,    100      a60 
Goose  fot,      100      a77 
If  we  compare  the  above  numbera,  we  shall 
find  35  to  be  the  prime  equivalent  of  mar- 
garic add. 

Hiat  of  man  is  obtained  under  ^ree  dif- 
ferent forms,  lu.  In  very  fine  long  needles, 
disposed  in  flat  stars.  2d,  In  very  fine  and 
very  short  needles,  forming  waved  figures,  like 
those  of  the  margaric  add  of  carcasses.  3tf, 
In  very  large  brilliant  crystals  disposed  in 
stars,  similar  to  the  margaric  add  of  the  hog. 
The  margaric  adds  of  man  and  the  hog  re- 
semble each  other ;  as  do  those  of  the  ox  and 
the  sheep ;  and  of  the  goose  and  the  jaguar. 
The  compounds  with  the  bescs  are  real  soape. 
The  solution  in  alcohol  afibrds  the  transpa- 
rent soap  of  this  country.— ^nn.  de  Chimie 
€t  de  Phyt,  several  volume^ 

ACID  (MECONIC).  This  add  is  a  con- 
stituent of  opium.  It  was  discovered  by  M. 
Sertuemer,  who  procured  it  in  the  following 
way  :-*After  predpitating.  the  morfthia  from 
a  solution  of  opium  by  ammonia,  be  added 
to  the  reridual  fluid  a  solution  of  the  muriate 
of  baryta.  A  predpitate  is  in  this  way 
formed,  which  is  supposed  to  be  a  quadruple 
compound,  of  bsjyta,  morphia,  extract,  and 
the  meconic  acid.  Ihe  extract  is  removed 
by  alcohol,  and  the  baryta  by  sulphuric  add ; 
when  the  meconic  add  is  left  merely  in  com- 
bination with  a  portion  of  the  morphia,  and 
from  this  it  is  purified  by  successive  solutions 
and  evaporations.  Hie  add,  when  sublimed, 
forms  long  colourless  needles;  it  has  a  strong 
affinity  for  the  oxide  of  iron,  so  ss  to  take  it 
from  the  muriatic  solution,  and  form  with  it 
a  cherry-red  precipitate.  It  forms  a  crystal- 
lisable  salt  with  lime,  which  is  not  decom- 
posed by  sulphuric  add ;  and  what  is  curious, 
it  seems  to  possess  no  particular  power  over 
the  human  body,  when  recdved  into  the  sto- 
mach. The  essential  salt  of  opium,  obtained 
in  M.  Derosne's  original  experiments,  was 
probably  the  roeconiate  of  morphia. 

M.  Robiquet  has  made  a  useful  modifica- 
tion of  the  process  for  extracting  meconic 
acid.  He  treats  the  opium  with  magnesia, 
to  separate  the  morphia,  while  meconiate  of 
magnesia  is  also  formed.  Tlie  magnesia  is 
removed  by  adding  muriate  of  baryta,  and 
the  baryta  is  afterwards  leparated  by  dilute 
sulphuric  add.  A  larger  proportion  of  me- 
conic add  is  thus  obtained. 

M.  .Robiquet  denies  that  meconic  add 
preripitates  iron  from  the  muriate;  but,  ac- 
cording to  M.  Vogel,  its  power  of  redding 
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aollitioiM  dC  iron  is  so  great,  as  to  render  it  a  -     To  pracufv  meooniate  of  inorpliia»  says 

more  delicate  test  of  this  metal)  than  even  the  Dr  Gioseppe  Mened,  reduce^ood  opium  to 

lerrocyanate  of  potasb.^  powder,  piii  it  into  a  paper  filter,  iidd  dis- 

To  obtain  puve  meoonic  acid  from  the  me-  tilled  water  to  it,  and  slightly  agitate  it.     In 

.coniate  of  baryta,  M.  Choulaut  triturated  it  this  way  wash  it,  till  the  water  passes  through 

in  a  mortar  with  its  own  weight  of  glassy  colourless;  then  pass  a  little  diluted  alcohol 

•  borscic  acid.    Hiis  mixture  being  put  into  a  .through  it ;  dry  the  insoluble  portion  (now 
small  glass  flask,  which  was  sturrounded  with  diminished  to  one-half)  in  a  dark  place;  di^ 

*sand  in  a  sand  pot  in  the  usual  manner,  and  .gett  it  when  diy  in  strong  alcohol  for  a  few 

'the  red  heat  being  gradually  raised,  the  me-  minutes,  applying  heat ;  separate  the  -solu- 

.conie  acid  sublimed  in  the  state  of  fine  white  tion,  which,  by  cooling  and  after  erapora- 

•  scales  or  plates.     It  has  a  strong  sour  taste,  tion,  will  yield  well  crystalliaed  meooniate  €tf 
which  leaves  behind  it  an  impression  of  bitter-  morf^iia  of  a  pale  straw  colour.     Gionu  tU 

-ness.     It  dissolves  readily  in  water,  alcohol,  JFittca,  viL  2ia 

and  ether.     It  reddens  the  greater  number  ACID  (MEL ASSIC).    The  add  present 

of  v^etable  blues,  and  changes  the  solutions  in  melasses,  which  has  been  thought  a  pecit. 

of  iron  to  a  cherry-red  colour.     When  these  liar  add  by  some^  by  others  the  acetic 

.solutions  are  heated,  the  iron  is  precipitated  ACID  (MELLITIC).    M.  Kbqirothdis. 

in  the  state  of  protoxide.  covered  in  the  melilite^  or  honey-stone,  what 

The  mecoiliiatei  examined  by  Choulaut  ara  he  conceives  to  be  a  peculiar  add  of  the  vo- 

the  following:—  getable  kind,  combmed  with  alumina.     This 

Itt,  Meooniate  of  potash.     It  crystallixes  sidd  is  easily  obtained  by  redudng  the  stone 

■in  four-sided  tables,  is  soluble  in  twice  its  to  powder,  and  boiling  it  in  about  70  times 

•weight  of  water,  and  is  composed  of  its  weight  of  water ;  when  the  add  will  dis- 

Meconicadd,       27            2.7  solve,  and  may  be  separated  from  the  ahimina 

Potash,                  GO             6.0  by  filtration.     By  evaporating  the  solution. 

Water,                   13  it  may  be  obtained  in  the  form  of  crystals. 

—  The  following  are  ita  characters:— 

100  It  crystallises  in  fine  needles  or  globules 

It  is  destroyed  by  heat  by  the  union  of  these,  or  small  prisms.     Ita 

Sd,  Meooniate  of  soda.     It  crystallizes  in  taste  is  at  first  a  sweetish  sour,  which  leaves 

soft  prisms,  is  soluble  in  five  times  its  wdght  -a  bitterness  behind.    On  a  pkte  of  hot  metal 

of  water,  and  seems  to  effloresce^     It  is  de-  it  is  readily  decomposed,  and  dissipated  in 

fltroyed  by  heat     It  consists  of  copious  grey  fumes,   which  afiect  not  tho 

Add,                  32                3.2  smell,   leaving  behind  ft  small  quantity  of 

Soda,                  40                4.0  ashes,  that  do  not  change  dther  red  or  blue 

Water,                28  tincture  of  litmus.     Neutralized  by  potash  it 

— — —  crystallizes  in  groups  of  long  fuisms;   by 

100  soda,  in  cubes,  or  triangular  liminse,  somo- 

3d,  Meooniate  of  ammonia.    It  crystallizes  times  in  groups,  sometimes  single ;  and  by 

•in  star-form  needles,  which,  when  sublimed,  ammonia,  in  beautiful  prisms  with  six  planes, 

.lose  thdr  water  of  crystallization,  and  as-  which  soon  lose  thdr  transparency,  and  ac- 

sume  the  shape  of  scales.     The  crystals  ara  quire  a  silvery-white  hue.     If  the  mellitic 

soluble  in  1^  their  weight  of  water,  and  are  add  be  dissolved  in  lime  vrater,  and  a  so- 

*  '  lution  of  caldned  stronda  or  baryta  be  drop- 
ped into  it,  a  white  predpitate  is  thrown 
down,  whidi  is  redissolved  on  adding  mu- 
riatic acid.     With  a  solution  of  acetate  of 

—  baryta,  it  produces  likewise  a  white  predpi- 

100  tate^  which  nitric  add  rediasolves.    With  so- 

if  two  parts  of  sal  ammoniac  be  triturated  lution  of  muriate  of  baryta,  it  produces  no 

irith  three  parts  of  meconiate  of  htsyiB,  and  predpitate,  or  even  cloud ;  but  after  standing 

heat  be  applied  to  the  mixture,  meconiate  of  some  time,  fine  transparent  needly  crystals 

-ammonia  sublimes,  and  muriate  of  baryta  are  deposited.     Hie  mellitic  add  produces 

remains.  i>o  duinge  in  a  solution  of  nitrate  of  sil- 

4f/k,  Meconiate  of  lime.     It  oystallizes  in  ver.     From  a  solution  of -nitrate  of  mer- 

prisms,  and  is  soluble  in  eight  times  its  weight  cury,  dther  hot  or  cold,  it  throws  down  a 

of  water.     It  consists  of  copious  white  predpitate,  which  an  addition 

of  nitric  add  immediately  redissolves.    With 

nitrate  of  iron  it  gives  an  abundant  predpii> 

tate  of  a  dun  yellow  colour,  which  may  b^ 

redissolved  by  muriatic  acid.     With  a  solu- 

100  tion  of  acetate  of  lead,  it  produces  an  abun- 

As  the  potash  and  lime  compounds  give  dant  predpitate,  immediately  redissolved  on 

^yearly  the  sfane  acid  ratio,  we  may  take  thdr  adding  nitric  add.     With  acetate  of  copper, 

mean  of  it  as  the  true  prime  =2.8.  it  gives  a  greyish-green  precipitate;  but  it 
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docs  not  aifcet  a  solirtioa  of  tnuriajtB  of  cop- 
por.  Lime  water  precipitated  by  it  ii  im- 
niadiaieiy  rediaeoiYed  on  adding  nitric  add. 

Mi  Klaprotfa  wa^  never  able  to  cooTert 
tliia  acid  into  the  oxaKc  by  means  of  nitric 
aad»  which  only  changed  its  brownish  ooloar 
to  a  pale  yellow. 

The  meUiUf  or  natiTe  mellate  of  alumina, 
cooeisf,  according  to  Klaproth,  of  46  acid  -|- 
16  alumina  ^  38  water  =s  100 ;  from  which* 
calling  the  prime  of  alumina  2.85»  that  of 
mellitic  acid  appean  to  be  6.6. 

ACID  (M£NISP£RMIC).  M.  Caaa* 
Kca  baa  published,  m  the  90th  toI.  of  the 
Ann.  de  Chim.  et  de  Phys.  a  Memoir  on 
Menispermum  Cocculus,  in  which  he  de- 
monstrates,— 

I.  Thai  menispermie  add  does  not  exist. 

2>  That  picrotoxia  does  not  possess  alk»- 
fina  properties,  and  ought  not  to  be  consi- 
dend  as  a  new  vegetable  saUfiable  base,  but 
BMfcly  as  a  peculiar  bitter  principle,  as  M. 
BouUay  announced  it  in  his  first  paper. 

ACID(MOLYBDIC).  The  native  sul- 
phmwtxif  molybdenum  bdng  roasted  for  some 
^tmBi  and  dissolved  in  water  of  ammonia, 
when  nitric  add  is  added  to  this  solution,  the 
molybdic  add  preripitates  in  fine  white  scales, 
which  become  yellow  on  melting  and  sub- 
fiming  them.  It  changes  the  vegetable  blues 
to  red,  but  less  readily  and  powerfully  than 
the  nurfybdous  add. 

'  M.  Bucbols  found,  that  100  parts  of  the 
sulphuret  gave  90  parts  of  molybdic  add. 
In  frther  experiments  in  which  he  oxidized 
molybdenum,  he  found  that  100  of  the  metal 
combined  with  from  49  to  50  of  oxygen. 
Benelius,  after  some  vain  attempts  to  analyxe 
the  molybdates  of  lead  and  baryta,  found  . 
ttet  the  only  method  of  obtsining  an  exact 
iiesult  WW  to  form  a  molybdate  of  lead.  He 
dissolved  10  psrts  of  neutral  nitrate  of  lead 
in  water,  and  poured  an  excess  of  solution  of 
cTfstalliaed  molybdate  of  ammonia  into  the 
liqnid.  The  molybdate  of  lead,  washed, 
dried,  and  heated  to  redness,  wdghed  1 1.068. 
Ko  traces  of  lead  were  found  in  the  liquid  by 
sulphate  of  ammonia :  hence  these  1 1.068  of 
lead,  evince  67.3  per  cent  of  oxide  of  lead. 
Thia  salt  then  is  composed  of 

Molybdic  add,    39. 1 9i        9.0 
Oxide  of  lead,     60.806       14.0     ' 


100.000 
And  from  Bucfaolz  we  infer,  that  this  prime 
c^ivalent  9  consists  of  3  of  oxygen  -|-  6  me- 
tal ;  while  molybdous  add  will  be  2  oxygen 
4-  6  metal  s  aO. 

Moljbdic  add  has  a  spedfic  gravity  of 
3b460.  In  an  open  vessel  it  sublimes  into 
brilliant  yellow  sodes ;  960  parts  of  boiling 
walsr  dissolve  one  of  it,  aflbrding  a  pale  yel- 
low solution,  which  reddens  litmus,  but  has 
DO  taste.  Sulphur,  charcoal,  and  several  me- 
tals decompose  the  molybdic  add.  Molybdate 


of  potMh  is  a  colourless  sah.  Molybditadd 
gives^  with  a  nitrate  of  lead,  a  white  preripii 
tate,  soluble  in  nitric  add ;  with  the  nitratei 
of  mercury  and  silver,  a  Vhite  flaky  predpi- 
tate ;  with  nitrate  of  copper,  a  greenish-  pre- 
cipitate ;  with  solutions  of  the  neutral  ml* 
phate  of  xinc,  muriate  of  bismuth,  muriate  of 
antimony,  nitrate  of  nickel,  muriates  of  gold 
and  platinum,  it  produces  white  predpitates. 
When  mdted  with  borax,  it  yields  a  bluish 
colour ;  and  paper  dipped  in  its  solution  be- 
comes, in  the  sun,  of  a  beautiful  blue. 

Hie  neutral  alkaline  molybdates  predp!:> 
tate  aU  metallic  solutions.  Gold,  muriate  of 
mercury,  zinc,  and  manganese,  are  predpi- 
tated  in  the  form  of  a  white  powder ;  iron 
and  tin,  from  thdr  solutions  in  muriatic  add, 
of  a  brown  colour ;  cobalt,  of  s  rose  colour ; 
copper,  blue ;  and  the  solutions  of  alum  and 
quicklime,  white.  If  a  dilute  solution  of  re- 
cent muriate  of  tin  be  predpitsted  by  a  dilute 
solutidn  of  molybdate  of  potash,  a  beautifiil 
blue  powder  is  obtained. 

The  coneentrated  sulphuric  add  dissolves 
a  considerable  quantity  of  the  molybdic  add^ 
'the  solution  becoming  of  a  fine  blue  colour 
as  it  cools,  at  the  same  time  that  it  thickens : 
the  colour  disappears  again  on  the  application 
of  heat,  but  returns  again  by  cooling.  A 
strong  heat  expels  the  sulphuric  add.  The 
nitric  add  has  no  effect  on  it;  but  the  mu- 
riatic dissolves  it  in  considerable  quantity,  and 
leaves  a  dark  blue  residuum  when  distilled. 
With  a  strong  heat  it  expels  a  portion  of  sul- 
phuric add  from  sulphate  of  potash.  It  also 
disengages  the  add  from  nitre  and  common 
salt  by  distillation.  It  has  some  action  upon 
the  filings  of  the  metals  in  the  moist  way. 

Hie  molybdic  acid  has  not  yet  been  em- 
ployed in  the  arts. 

ACID  (MOLYBDOUS).  The  deut- 
oxide  of  molybdenum  is  of  a  blue  colour,  and 
possesses  acid  properties.  Triturate  2  parts 
of  molybdic  add,  with  1  part  of  the  metal, 
along  with  a  little  hot  water,  in  a  porcelain 
mortar,  till  the  mixture  assumes  a  blue  co* 
lour.  Digest  in  10  parts  of  boiling  water, 
filter,  and  evaporate  the  liquid  in  a  heat  of 
about  120^.  The  blue  oxide  separates.  It 
reddens  vegetable  blues,  and  forms  salts  with 
the  bases.  Air  or  water,  when  left  for  some 
time  to  act  on  mc^ybdenum,  converts  it  into- 
this  acid.  It  consists  of  about  100  metal  to 
34  oxygen. 

ACID  (MORIC).      See  Acid  (Mor- 

OXYUC). 

ACID  (MOROXYLIC).  In  the  bo- 
taiuc  garden  at  Palermo,  Mr  Thomson  found  ' 
an  uncommon  saline  substance  on  the  trunk 
of  a  white  mulberry  tree.  It  appeared  as  a 
coating  on  the  surface  of  the  bark,  in  little 
granulous  drops  of  a  yellowish  and  blackish- 
brown  colour,  and  had  likewise  penetrated  its 
substance.  M.  Klaproth,  who  analyzed  it, 
found  that  its  taste  was  somewhat  like  that  of* 
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tuccinic  add;  on  burning  cods  it  swelled 
up  a  little,  emitted  a  pungent  Tapour  acarcel  j 
▼isible  to  the  eye,  and  left  a  slight  earthy  re» 
Biduum.  Six  hundred  grains  of  the  bark 
loaded  with  it  were  lixiTitfted  with  water,  and 
afforded  320  grains  of  a  light  salt,  resembling 
in  colour  a  light  wood,  and  composed  of 
short  needles  uhited  in  radiL  It  was  not 
deliquescent;  and  though  the  crystals  did 
not  form  till  the  solution  was  greatly  caa- 
densed  by  eraporation,  it  is  not  rery  soluble^ 
since  1000  parts  of  water  dissolve  but  35 
with  heat,  anid  15  in  the  cold. 

lliis  salt  was  found  to  be  a  compound  of 
lime  and  a  peculiar  vegetable  actd,  with  some 
extractive  matter. 

To  obtain  the  acid  separate,  M.  Klaproth 
decomposed  the  calcareous  salt  by  acetate  of 
lead,  and  separated  the  lead  by  sulphuric 
add.  He  likewise  decomposed  it  directly  by 
sulphuric  add.  Hie  product  was  stall  more 
like  sucdnic  add  in  taste ;  was  not  deliques- 
cent ;  easily  dissolved  both  in  water  and  al- 
cohol ;  and  did  not  predpitate  the  metallic 
solutions,  as  it  did  in  combination  with  lime* 
Twenty  grains  bdng  sli^tly  heated  in  a- 
small  glass  retort,  a  number  of  drops  of  an 
add  liquor  first  came  over ;  next  a  concrete 
salt  arose^  that  adhered  flat  against  the  top 
and  part  of  the  neck  of  the  retort,  in  the  form 
of  prismatic  crystals,  colourless  and  trans- 
parent ;  and  a  coaly  residuum  remained.  Hie 
add  was  then  washed  out,  and  crystallised  by 
spontaneous  evaporation.— Hius  sublimation 
appears  to  be  the  best  mode  of  purifying  the 
salt,  but  it  adhered  too  strongly  to  the  lime 
to  be  separated  from  it  directly  by  heat  with- 
out bdng  decomposed. 

Not  having  a  suffident  quantity  to  deter- 
mine its  specific  characters,  though  he  con- 
ceives it  to  be  a  peculiar  add,  coming  nearest 
to  the  sucdnic  both  in  tasle  and  other  quali- 
ties, M.  Klaproth  has  provisionally  given  it 
the  name  of  moroxylic,  and  the  oslcareous 
salt  containing  it  that  of  moroxylate  of  lime. 

ACID  (MUCIC).  This  add  has  been 
generally  known  by  the  name  of  iacchotaciiCf 
because  it  was  first  obtained  from  sugar  of 
milk ;  but  all  the  gums  appear  to  afford  it. 
Though  it  is  still  principally  made  from  su- 
gar of  milk,  chemists  in  general  distanguish 
it  by  the  name  of  mudc  add. 

It  was  discovered  by  Scheele.  Having 
poured  twelve  ounces  of  diluted  nitric  add  on 
four  ounces  of  powdered  sugar  of  milk  in  a 
glass  retort  on  a  sand  bath,  the  mixture  be- 
came gradually  hot,  and  at  length  effervesced 
violently,  and  continued  to  do  so  for  a  con- 
siderable time  after  the  retort  was  taken  from 
the  fire.  It  is  necessary  therefore  to  use  a 
large  retort,  and  not  to  lute  the  recdver  too 
tight  The  effervescence  having  neariy  sub- 
sided, the  retort  was  again  placed  on  the  sand 
heat,  and  the  nitric  acid  distilled  off,  till  the 
had  acquired  a  yellowish  colour.     Hits 


exhibitinf  no  crystals,  dgbt  ounoes  mora  of 
the  same  add  were  added,  and  the  distillation 
repeated,  till  the  yellow  colour  of  the  fluid 
disappeared.  As  the  fluid  was  inspissated 
by  cooling,  it  was  redissolved  in  eight  ounces 
of  water,  and  filtered.  The  filtered  liquor 
held  oxalic  add  in  solution,  and  seven  drams 
and  a  half  of  white  powder  remained  on  the 
filter.  This  powder  was  the  add  under  con^ 
sideration. 

If  one  part  of  gum  be  heated  gently  with 
two  of  nitric  add,  till  a  small  quantity  of  ni* 
trous  gas  and  of  carbonic  add  is  disengaged, 
the  dissolved  mass  will  deposit,  cm  eooling, 
the  mucic  add.  According  to  Foureioy  and 
Vauquelin,  different  gums  yidd  from  l4  to 
26  hundredths  of  this  add. 

Hiis  pulverulent  add  is  soluble  in  about 
60  parts  of  hot  water,  and  by  cooling,  a  fourth 
part  separates  in  small  shining  scales,  tbaC 
grow  wliite  in  the  air.  It  decomposes  the 
muriate  of  baryta,  and  both  the  nitrate  and 
muriate  of  limcu  It  acts  very  little  on  the 
metals,  but  forms  with  thdr  oxides  salts 
scarcely  soluble.  It  predpitates  the  nitratea 
of  silver,  lead,  and  mercury.  With  potash  it 
forms  a  salt  soluble  in  dgbt  parts  of  boiling 
water,  and  crystallizable  by  cooling.  Hiat  of 
soda  requires  but  five  parts  of  water,  and  i» 
equally  crystallizable.  Both  these  salts  ai« 
still  more  soluble  when  the  add  is  in  excess. 
That  of  ammonia  is  deprived  of  its  base  bj 
heat  Hie  salts  of  baryta,  lime,  and  mag- 
nesia, are  neariy  ins<^uble. 

Mudc  or  saccholactic  add  has  been  ana- 
lysed recently  with  much  care: 

Hydrogen.     Carbon.    Oxygen. 
ByLussac,   3.62  4^a69  4-62.69  aslOO 

BerzeUus,  5. 105-i-33.430-j-6].465=r]00 
From  saclactate  of  lead,  Beraelius  has  in- 
ferred the  prime  equivalent  of  the  add  to  be 

lai. 

ACID  (MURIATIC).  Hie  Hydbo. 
CHLORIC  of  the  French  chemists.  Let  six 
parts  of  pure  and  well  dried  sea  salt  be  put 
into  a  glass  retort,  to  the  beak  of  which  is 
luted,  in  a  borisontal  direction,  a  long  glass 
tube  artificially  refrigerated,  and  containing 
a  quantity  of  ignited  muriate  of  lime.  Upon 
the  salt  pour  at  intervals  five  parts  of  concen- 
trated oil  of  vitriol,  through  a  syphon  funnel 
fixed  air-tight  in  the  tubulure  of  the  retorL 
Hie  free  end  of  the  long  tube  bdng  recurv- 
ed,  so  as  to  dip  into  the  mercury  of  a  pneu- 
matic trough,  a  gaa  will  issue,  which,  on 
coming  in  contact  with  the  air,  will  form  a 
visible  doud,  or  haze,  presenting,  when 
viewed  in  a  ririd  light,  prismatic  colours. 
This  gas  is  muriatic  add. 

When  recdved  in  glass  jan  over  dry  mer- 
cury, it  is  invisible,  and  possesses  all  the  me- 
chanical properties  of  air.  Its  odour  is  pun- 
gent and  peculiar.  Its  taste  add  and  com- 
sive.  Its  spedfic  grarity,  according  to  Sir 
H.  Davy,  is  such,  that  100  cubic  inches  weigh 
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99  ptim,  wbSie  by  catuDation,  he  ujs,  they 
oii^  to  be  d&4  gr.  By  the  ktler  number 
the  speciiic  gntvity,  compared  to  air,  becomes 
1.S590L  By  the  former  number  the  density 
eooes  out  1.2800.  M.  Gay  Luasac  states 
the  sp.  gr.  at  1.2780.  Sir  H.'s  second  num- 
ber makes  the  prime  equivalent  of  chlorine 
4.43;  which  comes  near  to  Berselius's  latest 
rasttU;  while  his  fint  number  makes  it  4.48. 
(See  Cbix>une).  As  the  attraction  of  mu- 
riatic acid  gaa  for  hygrometric  water  is  Tery 
strong,  it  is  very  probable  that  38.4  grs.  may 
be  the  more  exact  weight  of  100  cubic  inches, 
ngarding  the  same  bulk  of  air  as  ^  30.5. 
(See  the  Tid>ie  of  Gases).  If  an  inflamed 
taper  be  ioamcned  in  it,  it  is  instantly  extin- 
guished. It  is  destructiye  of  aninuil  lile ; 
but  the  irritation  produced  by  it  on  the  epi- 
gfettitt  scarcely  permits  its  descent  into  the 
longs.  It  is  merely  changed  in  bulk  by  al- 
terations of  temperature;  it  experiences  no 
change  of  state. 

By  sealing  up  muriate  of  ammonia  and 
snlphnric  add  in  a  strong  glass  tube  recurv- 
ed»  and  causiog  them  to  act  on  eadi  other, 
8tr  H.  Davy  procured  liquid  muriatic  add.* 
He  justly  obsenres,  that  the  generation  of 
chtttic  substances  in  close  vessels,  dtber 
vrith  or  without  heat,  offers  much  more 
powerful  means  of  approximating  their  mole> 
cules  than  those  dependent  on  the  application 
of  cold*  whether  natural  or  arti6dal ;  for  as 

gases  diminish  only  ^^  in  volume  for  eveiy 
degree  of  Fahrenheit  s  scale,  beginning  at 
ordinary  temperature,  a  very  sli^^t  conden- 
sation only  can  be  produced  by  the  most 
powerful  freezing  mixtures,  not  half  as  much 
aa  would  result  from  the  application  of  a 
strong  flame  to  one  part  of  a  glass  tube»  the 
other  part  being  of  ordinary  temperature: 
and  when  attempts  are  made  to  condense 
gases  into  liquids  by  sudden  mechanical 
compression,  the  beat  instantly  generated 
presents  a  formidable  obstade  to  the  success 
of  the  experiment ;  whereas  in  the  compres- 
sion resulting  from  their  slow  generation  in 
close  Tesselsy  if  the  process  be  conducted 
with  oonomon  precautions,  there  is  no  source 
of  difficulty  or  danger ;  and  it  may  be  easily 
asasted  by  artificial  cold,  in  cases  where  gases 
approach  near  to  that  pdn^  of  compression 
and  temperature  at  which  they  become  vfr> 
pours. — PkiL  Trans.  1823. 

When  potassium,  tin,  or  sine,  is  heated  in 
contact  with  this  gas  over  mercury,  one-half 
of  the  volume  disappears,  and  the  remainder 
is  pure  bydrc^n.  On  examining  the  solid 
residue,  it  is  found  to  be  a  metallic  chloride. 
Hence  muriatic  add  gas  consists  of  chlorine 
and  hydrogen,  united  in  equal  volumes.  This 
view  of  its  nature  was  originally  given  by 
Schede,  thongh^obscured  by  terms  derived 
from  the  vague  and  risionary  hypothesis  of 
phlogiston.  The  FVendi  school  afterwards 
introduced  the  belief  that  muriatic  acid  gas 


was  a  compound  of  an  unknown  radical  and' 
water;  and  that  chlorine  consisted  of  thb 
radical  and  oxygen.  Sir  H.  Davy  has  the 
distinguished  glory  of  refuting  that  hypo- 
thesis, and  of  proving,  by  decisive  experi- 
ments, that  in  the  present  state  of  our  know- 
ledge, chlorine  must  be  regarded  as  a  simple 
substance,  and  muriatic  add  gas  as  a  com- 
pound of  it  with  hydrogen. 

The  gaseous  add  unites  rapidly,  and  in 
Unge  quantity,  vrith  water.  The  following 
table  of  its  aqueous  combinations  was  con- 
structed after  experiments  made  by  Mr  £. 
Davy,  in  the  laboratory  of  the'  Royal  Insti- 
tution, under  the  inspection  of  Sir  H.  Davy. 

At  temperature  45^,  barometer  30. 
100  parts  of  solution 

of  muriatic  gas  in  Of  muriatic  add 

water,  of  specific  gra-  *  gas,  parts, 

vity 

1.21  contain  42.43 

1.20  40.80 

1.19  38.38 

1.17  34.34 

1.16  32.38 

1.15  30.30 

1.14  2a28 

1.13  26.26 

1.12  2424 

1.11  22.30 

1.10  20.20 

1.09  iai8 

1.08  1&  16 

1.07  14.14 

1.06  12.12 

1.05  10.10 

1.04  ao8 

1.03  &06    . 

1.02  4.04 

1.01  2.02 

At  the  temperature  of  40^  Fahrenhdt, 
water  absorbs  about  480  times  its  bulk  of 
gas,  and  forms  solution  of  muriatic  add  gas 
in  water,  the  spedfic  gravity  of  which  is 
1.2109.— 5!tr  H,  Davy's  EUmerUs. 

In  the  Annals  of  FhUoaopby  for  October 
and  November  1817,  there  are  two  papera 
on  the  constitution  of  liquid  muriatic  add, 
with  tables,  by  myself,  which  cdndde  nearly 
with  the  preceding  results.  They  were 
founded  on  a  great  number  of  experiments 
carefully  performed,  which  are  detailed  in 
the  October  number.  In  mixing  strong 
liquid  add  vrith  water,  I  found  ttuit  some 
heat  is  evolved,  and  a  small  condensation  of 
volume  is  experienced,  contrary  to  the  ob- 
servation of  Mr  Kirwan.  Hence  this  add 
forms  no  longer  an  exception,  as  that  emi- 
nent chemist  taught,  to  the  general  law  of 
condensation  of  volume  which  liquid  adds 
obey  in  thdr  progressive  dilutions.  Hither- 
to, indeed,  many  chemists  have,  without  due 
consideration,  assumed  the  half  sum  or  arilA- 
metical  mean  of  two  spedfic  gravities,  to  be 
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the  truly  ctmpuUd  odmo;  and  oo  coni|Miw 
nig  the  number  thus  obtained  with  that 
derived  from  experiment,  they  have  inferred 
the  change  of  volume  occasioned  by  chemical 
cmnbination.  The  errors  into  which  this  £ah& 
mode  of  computation  leads  are  excesriveiy 
great,  when  the  two  bodies  difier  considei»- 
bly  in  their  specific  gravities.  A  view  of 
these  erroneous  results  was  given  in  my  third 
table  of  sulphuric  acid,  published  in  the  7th 
number  of  the  Journal  of  Sciences  and  the 
Arts,  and  reprinted  in  this  Dictionary,  arti* 
de  SFBcmc  G&Avmr.  When,  however,  the 
two  specific  gravities  do  not  difier  much,  the 
errors  become  less  remarkable*  It  is  a 
ringuhir  fact,  that  the  arithmetical  mean, 
whidi  is  always  greater  than  the  righUy  com- 
fmted  mean  specific  gravity,  gives,  in  the  case 
of  liquid  muriatic  add,  an  error  in  excess, 
very  nearly  equal  to  the  actual  increase  of 
densi^.  The  curious  coinddence  thus  acd- 
dentally  produced  between  accurate  experi- 


ments and  a  fidae  mode  of  ralnilationi  is 
very  instructive,  and  ought  to  lead  chemisto 
to  verify  every  anomalous  phenomeooa  by 
independent  modes  of  reseaiieh.  Had  Bfr 
Kirwan,  for  example,  put  into  a  mody  gra- 
duated tube  50  measures  of  strong  muriatic 
add,  and  poured  gently  over  it  50  measurea 
of  water,  he  would  have  found,  after  agita- 
tion, and  coding  the  mixture  to  its  former 
temperature,  that  there  was  a  deddcd  dimi- 
nution of  volume^  as  I  experimentally  asccr- 
tdned. 

Having  had  ocoaskm  more  latdy  to  sub- 
ject muriatic  add,  in  difieient  states  of  dilu- 
tion, to  a  very  rigorous  examination,  I  per- 
cdved  small  deviations  in  the  new  resulta 
from  my  former  tabular  quantitiei,  which  in- 
duced  me  to  revise  the  whole  with  the  great- 
est possible  care,  both  in  experiment  and 
calculation.  The  following  Table  I  bdiev» 
to  Kpproiuch  very  near  iA  the  truth. 


TABLE  of  MURIATIC  ACID,  by  Da  Ubs. 


Add. 

t 

Add 

lACM 

ofl  JO 

S|ieclflc 

Ohio. 

Muriatic 

oXlJiO 

flpedflc 

ChkK 

Muristic 

ofl.«0 

Specific 

C3ilo. 

Muriatie 

InlOa 

grsTity. 

rine. 

Gaa. 

inioa 

gravity. 

fine. 

Gaa. 

in  10(1. 
32 

gravity. 

rinc 

Oaa. 

100 

1.2000 

39.675 

40.777 

66 

1.1328 

26.186 

26.913 

1.0687 

12.697 

iao49 

99 

1.1982 

39.278 

40.369 

65 

1.1308 

25.789 

26.505 

31 

1.0617 

12.300 

12.641 

98 

1.1964 

38.882 

39.961 

64 

1.1287 

25.392 

26.098 

30 

1.0597 

11.903 

12.233 

97 

1.1946 

38.485 

39.554 

63 

1.1267 

24.996 

25.690 

29 

1.0577 

11.506 

11.825 

96 

1.1928 

38.089 

39.146 

62 

1.1247 

24.599 

25.282 

28 

1.0557 

11.109 

11.418 

95 

1.1910 

37.692 

3a738 

61 

1.1226 

24.202 

24.874 

27 

1.0537 

10.712 

11.010 

94 

1.1893 

37.296 

3&330 

60 

1.1206 

23.805 

24.466 

26 

1.0517 

10.316 

10.602 

93 

1.1875 

36.900 

37.923 

59 

1.1185 

2^408 

24.058 

25 

1.0497 

9.919 

10.194 

92 

1.1857 

36.503 

37.516 

58 

1.1164 

23.012 

2a650 

24 

1.0477 

9.522 

9.786 

91 

1.1846 

36.107 

37.108 

57 

1.1143 

22.615 

2&242 

23 

1.0457 

9.126 

9.379 

90 

1.1822 

35.707 

36.700 

56 

1.1123 

22.218 

22.834 

22 

1.0437 

a729 

a971 

89 

1.1802 

35.310 

36.292 

55 

1.1102 

21.822 

22.426 

21 

1.0417 

a332 

a563 

88 

1.1782 

34.913 

35.884 

54 

1.1082 

21.425 

22.019 

20 

1.0397 

7.935 

a  155 

87 

1.1762 

34.517 

35.476 

53 

1.1061 

21.028 

21.611 

19 

1.0.377 

7.538 

7.747 

86 

1.1741 

34.121 

35.068 

52 

1.1041 

20.632 

21.203 

18 

1.0357 

7.141 

7.340 

85 

1.1721 

3a  724 

34.660 

51 

1.1020 

20.235 

2a796 

17 

1.0337 

6.745 

6.932 

84 

1.1701 

33.328 

34^252 

50 

1.1000 

19.837 

^.388 

16 

1.0318 

6.348 

6.524 

88 

1.1681 

32.931 

33.845 

49 

1.0980 

19.440 

19.980 

15 

1.0298 

5.951 

6.116 

82 

1.1661 

32.535 

3a437 

48 

1.0960 

19.044 

19.572 

14 

1.0279 

5.554 

5.709 

81 

1.1641 

32.136 

33.029 

47 

1.0939 

18.647 

19.165 

13 

1.0259 

5.158 

5.301 

80 

1.1620 

31.746 

32.621 

46 

1.0919 

ia250 

ia757 

12 

1.0239 

4.762 

4.893 

79 

1.1599 

31.343 

32.213 

45 

1.0899 

17.854 

18.349 

11 

1.0220 

4.365 

4.486 

78 

1.1578 

30.946 

31.805 

44 

1.0879 

17.457 

17.941 

10 

1.0200 

a968 

4.078 

77 

1.1557 

30.550 

31.398 

43 

(.0859 

17.060 

17.534 

9 

1.0180 

a571 

a670 

76 

1.1536 

3a  153 

30.990 

42 

1.0838 

16.664 

17.126 

8 

1.0160 

ai74 

a262 

75 

1.1515 

S^.757 

30.582 

41 

1.0818 

16.267 

16.718 

7 

1.0140 

2.778 

2.854 

74 

1.14^ 

29.361 

30.174 

40 

J. 0798 

15.870 

16.310 

•6 

1.0120 

2.381 

2.447 

73 

1.1473 

28.964 

29.767 

39 

1.0778 

15.474 

15.902 

5 

1.0100 

1.984 

2.039 

72 

1.1452 

2a567 

29.359 

38 

1.0758 

15.07r 

15.494 

4 

1.0080 

1.588 

1.631 

71 

1.1431 

28.171 

28.951 

37 

1.0738 

14.680 

15.087 

3 

1.0060 

1.191 

1.224 

70 

1.1410 

27.772 

2a544 

36 

1.0718 

14.284 

14.679 

2 

1.0010 

0.795 

0.816 

69 

1.1389 

27.376 

2ai36 

35 

1.0697 

ia887 

14.271 

1 

1.0020 

a397 

0.408 

68 

1.1369 

26.979 

27.728 

31 

1.0677 

ia490 

ia863 

67 

1.1349 

26.583 

27.321 

<  33 

1.0657 

ia094 

ia456 
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At  the  denritj  1.199,  Mr  Dahon's  table* 
bes  25.6  per  cent  of  real  muriatic  add  by 
weighty  eqitivaleiit  to  only  32. 9  cblorine,  io- 
stcad  of  39.47,  which  I  betiere  to  be  the  ei- 
acC  Tahie.     If  we  term  the  correct  quantity 
100^  then  Mr  Dalton's  number  would  be 
only  83 ;  which  is  no  less  than  17  per  cent 
of  defect  from  the  truth.     I  Mve  purposely 
omitted  in  this  new  table  the  column  of  dry, 
or,  as  it  was  also  called,  real  muriatic  add ; 
first,  because  there  is  no  eridence  at  present 
of  the  existence  of  any  such  body ;  and  se- 
condly, because,  though  it  was  a  convenient 
column  for  finding  by  inspection  the  increase 
of  weight  which  any  saliBable  base  would  ac- 
quire by  aaturatioa  with  the  liquid  acid,  yet 
that  convenience  may  be  obtained  by  the  fol- 
lowing simple  calculation.     Since  the  prime 
equrtalent  of  chlorine  is  to  that  of  the  sup- 
posed dry  muriatic  add  in  the  ratio  of  45  to 
35^  or  9  to  7 ;  if  we  multiply  the  number 
opposite  to  the  given  spedfic  gravity,  in  the 
chlorine  column,  by  9,  and  divide  by  7,  we 
shall  have  the  rriative  quantity  of  ihejixable 
mnriatic  add.«-Vovm.  of  Science,  zii.  267. 
'  From  the  curious  coinddence  above  no^ 
tieed,  vre  derive  a  very  simple  rule  for  find- 
ing tile  approziBMte  value  of  chlorine  in  the 
liquid  add  at  any  density.     Multiply  the 
derimal  part  of  the  number  representing  the 
spedfic  gravity  by  200,  the  product  will  be 
the  chlorine  present  in   100  parts.     Thus, 
the  specific  gravity  is  1.0437,  what  is  the 
quantity  per  cent  of  chlorine?  0.0437  X 
800^  &74.     Now  the  tabular  number  is 
&729.      The  sp.  gravity  bdng  1.059,  what 
18  the  value  of  the  chlorine  in  100  parts? 
aO59x200=rll.a     The  table  has  1 1.9. 
Towards  the  head  of  the  table  this  rule  gives 
a  slight  error  in  excess,   and  towards  the 
toot  an  equally  slight  error  in  defect ;  but  the 
approximation  is  always  good  enough  lor 
oidinaiy  practice,  sekkun  amounting  to  one. 
half  per  cent.     If  to  the  number  thus  finind 

for  chlorine  we  add  -^  part,  the  sum  is  the 
corresponding  weight  of  muriatic  add  gas. 

We  have  seen  it  stated,  that  water,  in  ab- 
sorbing 480  times  its  bulk  of  the  add  gas, 
becomes  of  spedfic  grarity  1.2109.  If  we 
compute  from  these  tlata  the  increase  of  its 
bHik,  we  shall  find  it  equal  to  1.42,  or  nearly 
one  and  a  half  the  volume  of  the  water. 
461  parts  occupy  only  1.42  in  bulk,  a  con- 
densation of  about  340  into  one.  Ihe  con- 
sequence of  this  approximation  of  the  parti- 
da  is  the  evolution  of  tbdr  latent  beat ;  aAd 
accordingly  the  heat  produced  in  the  conden- 
sation of  the  gas  is  so  great,  that  it  mdts  ice 
almost  as  rapidly  as  the  steam  of  boiling 
water  does.  Hence  also,  in  passing  the  gas 
fnmi  tile  beak  of  a  retort  into  a  Woolf)e*s  ap- 
paratus containing  water  to  be  impregnated, 
itis  necessary  to  surround  the  botties  with 

•  New  System  of  Chenucal  PbUoiophy,  U.  p^  S9Sk 


cold  water  or  ice,  if  we  wish  a  contidersble 
condensation. 

By  uniting  the  base  of  this  gas  with  sOver, 
and  also  with  potassium,  Bersdius  determin- 
ed the  prime  equivalent  of  muriatic  add  to 
be  3.4261,  whence  chlorine  comes  out  4.4261, 
and  muriatic  gas  4i4261  -f-  0. 125  (the  prime 
of  hydrogen)  =:  45511.  But  if  we  take 
1.2847  as  the  spedfic  grarity  of  this  add  gas, 
then  the  speciBc  gnrity  of  chlorine  will  be 
twice  that  nomber,  minus  the  spedfic  gravity 
of  hydrogen,  or  (1.2847  X  S)  —  0.0694  ss 
2.5;  and  as  dilorine  and  hydrogen  unite 
volume  to  volume^  then  the  relatioki  of  the 
prime  of  chlorine  will  be  to  that  of  hydrogen 

=r-^=r36.     If  we  diride  tiiis  by  8, 
0.0694  ' 

we  shall  have  4.5  to  represent  the  prime 

equivalent  of  chlorine,  and  4.5-^-0.125=; 

4.625,  for  that  of  muriatic  add  gas. 

Muriatic  add,  firom  its  composition,  has 
been  termed  by  M.  Gay  Lussac  the  hjfdro- 
chloric  add ;  a  name  (rf>jected  to  on  good 
grounds  by  Sir  H.  Davy.  It  was  prepared 
by  the  older  chemists  in  a  very  rude  manner, 
and  was  called  by  them  Spirit  of  Salt 

Muriatic  was  andoitly  extracted  from  com- 
mon salt,  by  igniting  a  mixture  of  it  and  soft 
clay  kneaded  up  together. 

Sir  H.  Davy  first  gave  the  just  exphina- 
tion  of  this  decomposition.  Common  salt  is 
a  compound  of  sodium  and  chlorine.  T!ie 
sodium  may  be  concdved  to  combine  with 
the  oxygen  of  the  water  in  tiie  earth,  and  with 
the  earth  itself,  to  fiirm  a  ritreoos  compound ; 
and  the  chlorine  to  unite  with  the  hydrogen 
of  the  water,  forming  muriatic  add  gas.  *'  It 
is  also  easy,**  adds  he,  "  according  to  these 
new  ideas,  to  explain  the  decomposition  of 
salt  by  moistened  litfaarge,  the  theory  of 
which  has  so  much  perplexed  the  most  aoute 
chemists.  It  may  be  concdved  to  be  an  in- 
stance of  compound  affinity :  the  chlorine  is 
attracted  by  the  lead,  and  the  sodium  com- 
bines with  the  oxygen  of  the  Utbarge^  and 
with  water,  to  form  hydrate  of  soda,  which 
gradually  attracts  carbonic  add  from  the  air. 
When  common  salt  is  decomposed  by  otl  of 
vitriol,  it  was  usual  to  explain  the  phenome- 
non by  saying,  that  the  acid,  by  its  superior 
affinity,  aided  by  heat,  expelled  the  gas,  and  - 
united  to  the  soda.  But  as  ndther  muriatic 
add  nor  soda  exists  in  common  salt,  we  must 
now  modify  the  explanation  by  sayin^^  that  the 
water  of  the  oil  of  vitriol  is  first  decomposed, 
its  oxygen  unites  to  the  sodium  to  form  soda,  - 
which  is  sdzed  on  by  the  sulphuric  add, 
while  the  chlorine  combines  with  the  hydro- 
gen of  the  water,  and  exhales  in  the  form  of 
muriatic  add  gas.** 

As  100  parts  of  dry  sea  salt  are  capable  of  • 
yielding  62  parts  by  wdgbt  of  muriatic  acid 
gas,  these  ought  to  afl^rd,  by  economical  - 
management,  nearly  221  -parts  of  liquid  acid, 
spedfic  grarity  1.142,  as  prescribed  by  the 
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London  CoUcge,  or  SOO  parts  of  acid,  qi.  gr. 
1.160,  as  directed  bj  the  Edinbuigh  aod 
Dublin  Fhannaoopfsias. 

llie  fluid  ounce  of  the  London  College  be- 
ing 1-1 6th  of  a  wine  pint,  is  equal  in  weight 
to  1.265817  lbs.  Troy,  divided  by  16,  which 
gives  453.7  grains  Troy.  This  weight  mul- 
tiplied by  1. 142,  ^  the  specific  gravity  of 
their  standard  acid,  gives  the  product  520.4 ; 
which  being  multiplied  by  0.2874^  the  mu- 
riatic gas  in  1.00  by  my  table^  we  have 
149.56  for  the  acid  gas  in  the  liquid  ounce 
of  the  above  density.  We  find  this  quantity 
equivalent  to  203  gr.  of  carbonate  of  lime. 
When  this  add  is  contaminated  with  sulphu- 
ric acid,  it  affords  precipitates  with  muriates 
of  baryta  and  strontia. 

The  English  manufacturers  use  iron  stills 
for  this  distillation,  with  earthen  heads. 

Hie  muriates,  when  in  a  state  of  dryness, 
are  actually  dilorides,  consisting  of  dilorine 
and  the  metal ;  yet  they  may  be  conveniently 
treated  of  under  the  title  muriates 

Muriate  of  baryta  crystallises  in  tables 
bevelled  at  the  edges,  or  in  octaedral  pyra- 
mids applied  base-  to  base.  It  is  soluble  in 
five  parts  of  water  at  60^,  in  still  less  at 
a  boiling  heat,  and  also  in  alcohol.  It  is  not 
altered  in  the  air,  and  but  partly  decompos- 
able by  heat.  The  sulphuric  acid  separates 
its  base;  and  the  alkaline  carbonates  and 
sulphates  decompose  it  by  double  affinity.  It 
is  best  prepared  by  dissolving  the  carbonate 
in  dilute  muriatic  acid ;  and  if  contaminated 
with  iron  or  lead,  which  occasionally  happens, 
these  may  be  separated  by  the  addition  of  a 
small  quantity  of  liquid  ammonia,  or  by 
boiling  and  stirring  the  solution  with  a  little 
baryta.  M.  Goettling  recommends  to  pre- 
pare it  from  the  sulphate  of  baryta;  eight 
parts  of  which  in  fine  powder  are  to  be  mixed 
with  two  of  muriate  of  soda,  and  one  of 
charcoal  powder.  This  is  to  be  pressed  hard 
into  a  Hessian  crucible,  and  exposed  for  an 
hour  and  a  half  to  a  red  beat  in  a  wind  fur- 
nace. The  cold  mass,  being  powdered,  is  to 
be  boiled  a  minute  or  two  in  sixteen  parts  of 
vrater,  and  tlien  filtered.  To  this  liquor 
muriatic  acid  is  to  be  added  by  little  and 
little^  till  sulphuretted  hydrogen  ceases  to  be 
evolved ;  it  b  then  to  be  filtered,  a  little  hot 
water  to  be  poured  on  the  residuum,  the  liquor 
evaporated  to  a  pellicle,  filtered  again,  and 
then  set  to  crystallize.  As  the  muriate  of 
soda  is  much  more  soluble  than  the  muriate 
of  baryta,  and  does  not  separate  by  cooling, 
the  muriate  of  baryta  will  crystallize  into  a 
perfectly  white  salt,  and  leave  the  muriate  of 
soda  in*  the  mother  water,  which  may  be 
evaporated  repeatedly  till  no  more  mini- 
ate of  baryta  is  obtained,  lliis  salt  was 
first  employed  in  medicine  by  Dr  Crawford, 
chiefly  in  scrofulous  complaints  and  cancer, 
beginning  with  doses  of  a  few  drops  of  the 
saturated  solution  twice  a^ay,  and  increas- 


ing it  gradually,  as  far  as  forty  or  fifty  drops 
in  some  instances.  In  large  doses  it  excites 
nausea,  and  has  ddeterious  effects.  As  a 
test  of  sulphuric  add,  it  is  of  great  use. 

Mr  Fhfllips  states  the  composition  of  the 
crystals  to  be  1  atom  chloride  of  barium  ^  2 
atoms  water. 

Muriate  of  potash,  fiarmeriy  known  by  the 
names  of/elfr^uge  fall  ofSylvna,  crystallizea 
in  regular  cubes,  or  in  rectangular  parallelo- 
pipedons;  decrepitating  on  the  fire.  Their 
taste  is  saline  and  bitter.  Hiey  are  soluble 
in  thrice  their  weight  of  cold  water,  and  io 
but  little  less  of  boiling  water,  so  as  to  r»> 
quire  spontaneous  evaporation  for  crystallis- 
ing. Fourcroy  recommends  to  cover  the 
vessel  vrith  gause,  and  suspend  bain  in  it, 
for  the  purpose  of  obtaining  regular  crystals. 

It  is  sometimes  prepared  in  decomposing 
sea  salt  by  common  potash  for  the  purpose 
of  obtaining  soda ;  and  may  be  formed  by 
the  direct  combinatioQ  of  its  constituent 
parts. 

Muriate  of  soda,  or  coaunois  taU^  is  of 
ccmsiderable  use  in  the  arts,  as  well  as  a 
necessary  ingredient  in  our  food.  It  crys- 
tallises in  cubes,  which  are  sometimes  grou|K 
cd  together  in  various  ways,  and  not  unfre- 
quently  form  hollow  quadrangular  pyramida. 
In  the  fire  it  decrepitates,  melts,  and  is  at 
length  volatilised.  When  pure  it  is  not  de> 
liquescent  One  part  is  soluble  in  2}  of 
cold  water,  and  in  little  less  of  hot,  so  that 
it  cannot  be  crystallised  but  by  evaporation. 

Common  salt  is  found  in  large  masses,  or 
in  rocks  under  the  earth,  in  England  and 
elsewhere.  In  the  solid  form  it  is  called  soi 
gem,  or  rode  iali.  This  rock  salt  is  never 
used  on  our  tables  in  its  crude  state,  as  the 
Polish  rock  salt  is. 

The  waters  of  the  ocean  eveiTwhere  abound 
vrith  common  salt,  though  in  different  pro- 
^portions.  Tbe  water  of  the  Baltic  sea  is 
said  to  contain  one  sixty-fourth  of  its  weight 
of  salt ;  that  of  the  sea  between  England  and 
Flanders  contains  one  thirty-second  part; 
and  that  on  the  coast  of  Spain  one  sixteenth 
part. 

Hie  whole  art  of  extracting  salt  from 
waters  which  contain  it,  consists  in  evaporat- 
ing the  water  in  the  cheapest  and  most  con- 
venient manner. 

There  is  no  difference  between  this  salt 
and  the  lake  salt  extrscted  from  different 
lakes,  excepting  such  as  may  be  occasioned 
by  the  casual  intervention  of  some  substances. 

At  several  places  in  Germany,  and  at  Mont- 
marot  in  Francei,  the  waters  of  salt  springs 
are  pumped  up  to  a  large  reservoir  at  the 
top  of  a  building  or  shed;  from  which  it 
drops  or  trickles  through  small  apertures 
upon  boards  covered  vrith  brushwood.  Hie 
large  surface  of  tbe  water  thus  exposed  to 
the  air  causes  a  very  considerable  evapora- 
tion ;  and  the  brine  is  aAerward  conveyed  to 
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tiie  boflmi  for  the  perfect  mpuMaoa  of  the 
ealt 

To  fi«e  oommon  salt  from  those  mixtures 
that  render  it  deliquescent,  and  less  fit  for 
the  purposes  to  which  it  is  applied,  it  n»y  be 
put  into  a  conical  Tesael  with  a  small  aper* 
ture  at  the  point,  and  a  saturated  solution  of 
the  muriate  of  soda  bailing  hot  be  poured  on 
iL  This  solution  will  dissoWe  and  carry  off 
any  other  salts  mixed  with  the  soda,  and 
leaive  it  quite  purs^  by  repeating  the  process 
three  or  (bur  times. 

At  present,  the  greater  part  of  the  carbo- 
nate of  soda  in  the  market  is  furnished  by 
deoompoeing  the  sulphate  of  soda  left,  after 
the  chlorine  is  expelled  in  the  usual  way  of 
efiminating  it  from  oommon  salt  Mix  the 
sulphate  of  soda  with  an  equal  weight  of 
ehallc,  and  rather  more  than  half  its  weight 
of  charcoal  powder,  and  expose  the  mixture 
in  a  revnberatory  furnace  to  a  heat  sufficient 
to  bring  them  to  a  state  of  imperfect  lique- 
fiKtion.  Much  of  the  sulphur  Ibrmed  will 
be  expelled  in  Tapour  and  burned,  the  mix- 
ture being  frequently  stirred  to  promote  this ; 
and  thia  is  continued  till  the  mass  on  cooling 
assumes  a  fine  grain.  It  is  then  left  exposed 
to  a  humid  atmosphere,  and  the  carbonate  of 
soda  may  be  extracted  by  lixiviation,  the  sul- 
phur not  consumed  haying  united  with  the 
lime. 

Beside  its  use  in  seasoning  our  food,  and 
pieserting  meat  both  for  domestic  consump- 
tion and  during  the  longest  voyages^  and  in 
frimiahing  us  with  the  muriatic  add  and 
soda,  sah  fivrms  a  glaxe  for  coarse  pottery, 
by  being  thrown  into  the  o?en  where  it  is 
baked;  it  improres  the  whiteness  and  clear- 
ness of  glass;  it  gives  hardness  to  soap ;  in 
melting  metals  it  preserves  their  surfiice  from 
calcination,  by  defending  them  from  the  air, 
and  is  employed  with  advantage  in  some 
assays ;  it  is  used  as  a  mordant,  and  for  im- 
proving certain  colours,  and  enters'  more  or 
less  into  many  other  processes  of  the  arts. 

Muriate  of  strontia  crystallises  in  very 
slender  hexagonal  prisma,  has  a  cool  pungent 
taster  without  the  austerity  of  the  muriate  of 
baryta,  or  the  bitterness  of  the  muriate  of 
Inne;  is  soluble  in  0.75  of  water  at  60^, 
and  to  almost  any  amount  in  boiling  water; 
is  likewise  soluble  in  alcohol,  and  gives  a 
blood-red  colour  to  its  flame. 

It  haa  never  been  found  in  nature,  but 
may  be  prepared  in  the  same  way  as  the 
muriate  <^baiyta. 

Muriate  of  lime  crystallises  in  hexaedral 
prisms  terminated  by  acute  pyramids;  but 
if  the  solution  be  greatly  concentrated,  and 
exposed  to  a  low  temperature,  it  is  condensed 
in  confused  bundles  of  ncedly  crystals.  Its 
taste  is  acrid,  bitter,  and  very  disagreeable. 
It  is  soluble  in  half  its  weight  of  cold  water, 
and  by  heat  in  its  own  water  of  crystalliza- 
It  is  one  of  the  most  deliquescent 


salts  known ;  and  when  deliquesced  has  been 
called  cU  of  Ume,  It  exists  in  nature^  but 
neither  very  abundantly  nor  very  pure.  Jt 
is  formed  in  chemical  laboratories,  in  the 
decomposition  of  muriate  of  ammonia ;  and 
Homberg  found,  that  if  it  were  urged  by  a 
violent  beat  till  it  condoosed,  on  cooling,  into 
a  ritreous  mass,  it  emitted  a  phosphoric  light 
upon  being  struck  by  any  hard  body;  in 
which  state  it  was  called  Homberg*i  Fko^ 
phonu. 

Muriate  of  ammonia  has  long  been  known 
by  the  name  of  tal  ammorua  or  ammoniae* 
It  is  found  native  in  the  neighbourfaood  of 
volcanoes,  where  it  is  sublimed  sometimes 
nearly  pure)  and  in  different  parts  of  Asia 
and  Africa.  A  great  deal  is  carried  annual- 
ly to  Russia  and  Siberia  from  Bucbarian 
Tartary;  and  we  formerly  imported  large 
quantities  from  £^gypt,  but  now  manu&cture 
it  at  home.     See  Ammonia. 

Tins  salt  is  usually  in  the  form  of  cakes^ 
with  a  convex  surface  on  one  side,  and  con- 
cave on  the  other,  from  being  sublimed  into 
large  globular  vessels ;  but  by  solution  it  may 
be  obteined  in  regular  quadrangular  crystals. 
It  is  remarkable  for  possessing  a  certain  de^ 
gree  of  ductility,  so  that  it  is  not  easily  pul- 
verable.  It  is  soluble  in  3^  parts  of  water 
at  GOP,  and  in  little  more  than  its  own  wei^t 
of  boiling  water.  Its  taste  is  cool,  acrid,  and 
bitterish.  Its  spediic  grarity  is  IA2.  It  at- 
tracts moisture  from  the  air  but  very  slightly. 

In  tinning  and  soldering,  it  is  employed 
to  preserve  the  surface  of  the  metals  fVom 
oxidation.  In  assaying,  it  discovers  iron, 
and  separates  it  from  some  of  its  combina- 
tions. 

Muriate  of  magnesia  is  extremely  deliques- 
cent, soluble  in  an  equal  weight  of  water, 
and  difficultly  crystallizable.  It  dissolves 
also  in  five  parts  of  alcohol.  It  is  decom- 
posable l>y  heat,  which  expeb  its  add.  Ite, 
taste  is  mtensely  bitter. 

With  ammonia  this  muriate  forms  a  triple 
salt,  crystaUizable  in  little  polyedrons,  which 
separate  quickly  from  the  water,  but  are  not 
very  regularly  formed.  Its  taste  partakes  of 
that  of  both  the  preceding  salts.  The  best 
mode  of  preparing  it  is  by  mixing  a  solution 
of  27  parts  of  muriate  of  ammonia  with  a 
solution  of  73  of  muriate  of  magnesia ;  but 
it  may  be  formed  by  a  semi-decomporition  of 
either  of  these  muriates  by  the  base  of  the 
other.  It  is  decomposable  by  heat,  and  re^ 
quires  six  or  seven  times  its  weight  of  water 
to  dissolve  it. 

Muriate  of  gludna  appears  to  crystaUixe 
in  very  small  crystals ;  to  be  decomposable 
by  heat ;  and,  dissolved  in  alcdiol  and  diluted 
with  water,  to  form  a  pleasant  saccharine 
liquor. 

Muriate  of  alumina  is  scarcely  crystelliz- 
able,  as  on  evaporation  it  assumes  the  state  of 
a  thick  jelly.     It  has  an  add,  styptic,  acrid 


ACID 


70 


CHXOaiC. 


tMlfe  It  M  OLlraBely  tolubto  in  water,  md 
ddiqtMtoent.  Fire  deoompoMS  h.  It  m^ 
b^  prapared  by  directly  oombining  the  muri- 
atic add  with  alamina,  but  the  acid  always 
icmaiBs  ia  excess. 

Muriate  of  lireonia  crystallises  io  small 
needles,  which  are  very  soluble^  attract  mois- 
taref  and  lose  their  transparency  in  tbe  air. 
It  has  an  austere  taste,  with  somewhat  of 
acrimony.  It  is  decomposable  by  heat  Tbe 
gallic  acid  precipitates  from  its  solution,  if  it 
be  five  from  iron,  a  white  powder.  Carbo- 
nate of  ammonia,  if  added  in  excess,  redis- 
solves  the  predpitato  it  had  before  thrown 


Muriate  of  yttria  does  not  crystallize  when 
esaporsted,  but  forms  a  jelly :  it  dries  with 
difficulty,  and  deliquesces.     See  Salt. 

ACID  (MURIATIC,  OXYGENAT- 
ED).    See  Chlorins. 

ACID  (MURIATIC,  OXYGENIZ- 
ED). This  supposed  acid  was  lately  describ- 
ed fa^  M.  Hienard.  He  saturated  common 
muriatic  add  of  moderate  strength  with  deut- 
oxide  of  barium,  reduced  into  a  soft  paste  by 
trituration  with  water.  He  then  predpi- 
tated  the  baryta  finom  the  liquid,  by  adding 
the  requisite  quantity  of  sulphuric  add.  He 
next  took  this  oxygenixed  muriatic  add,  and 
treated  it  with  deiffcoxide  of  barium  and  sul- 
phuric add,  to  oxygenate  it  anew.  In  this 
way  he  charged  it  with  oxygen  as  often  as  15 
times.  He  thus  obtsined  a  liquid  add,  which 
oontained  32  times  its  Tolume  of  oxygen  at 
the  temperature  of  68°  Fahr.  and  at  tbe  or- 
dinary ataoospherical  pressure,  and  only  4^ 
times  its  rolume  of  muriatic  add,  which  gives 
about  88  equivalent  primes  of  oxygen  to  1 
of  muriatic  add.  For  the  ratio  of  oxygen 
to  the  add,  by  weight,  is  1  to  4.6 ;  but  by 
measure  the  ratio  will  be  as  these  two  num- 
bers respectively  divided  by  the  spedfic  gra- 
vity   of   the    gases,  or   as   j^^    tp    j^ 

which  by  reduction  makes  nearly  one  volume 
of  oxygen,  equivalent  to  four  of  muriatic  add. 
Now,  the  oxygen  in  the  above  result,  instead 
of  bdng  l-4th  of  the  volume  of  the  add  gas, 
was  seven  times  greater,  whence  we  derive 
the  number  28.  Still  more  oxygen  may 
however  be  added.  On  putting  the  above 
oxygenized  add  in  contact  with  sulphate  of 
silver,  an  insoluble  chloride  of  this  metal  sub- 
sides, and  the  liquid  is  oxygenized  sulphuric 
add.  When  this  is  passed  through  the  61ter, 
muriatic  add  is  added  to  it,  but  in  smaller 
quantity  than  existed  in  the  original  oxygen- 
ized add.  A  quantity  of  baryta,  just  suffi- 
dent  to  predpitate  the  sulphuric  add,  is  then 
added.  Instantly  the  oxygen,  leaving  the 
sulphuric  add  to  unite  with  the  muriatic  acid, 
brings  that  add  to  the  highest  point  of  oxy- 
genation. Thus  we  see  that  we  can  transfer 
the  whole  of  the  oxygen  from  one  of  these 
acids  to  the  other :  and  on  a  little  reflection 
it  will  be  evident,  that  to  obtain  sulphuric 


add  m  the  highest  degree  of  oxygenalioii,  it 
will  be  merely  necessary  to  pour  baryta 
water  into  oxygenated  sulphuric  acid,  so  as 
to  predpitate  only  a  part  of  the  add. 

All  these  operations,  with  a  little  practice^ 
may  be  performed  without  the  least  diflkulty. 
By  combining  the  two  methods  just  describ- 
ed, M.  Themird  found  that  he  could  obtain 
oxygenized  muriatic  add,  containing  nearly 
16  times  as  many  volumes  of  oxygen  as  of 
muriatic  add;  which  represents  about  64 
equivalent  primes  of  the  former  to  1  of  the 
latter.  This  oxygenised  add  leaves  no  resi- 
duum when  evaporated.  It  is  a  very  add 
eolourle»  liquid,  almost  destitute  of  smcU, 
and  powerfully  reddens  turnsole.  When 
boiled  for  some  time^  its  oxygen  is  expdled. 
It  dissolves  zinc  without  effervescenee.  Ito 
action  on  the  oxide  of  silver  is  curious.  Ihcae 
two  bodies  occasion  as  lively  an  effervescence 
as  if  an  add  were  poured  upon  a  carbonate^ 
Water  and  a  chloride  are  formed,  while  the 
oxygen  is  evolved.  This  oxide  enables  us  to 
detmiine  the  quantity  of  oxygen  present  in 
the  oxygenised  add.  Pour  mercury  into  a 
gradusitod  glass  tube,  leaving  a  small  deter- 
minate space,  which  must  be  filled  with  the 
above  add,  invert  the  tube  in  mercury,  let 
up  oxide  ofsilver  diffused  in  water;  instantly 
the  oxygen  is  separated. 

We  ought,  however,  to  regard  this  appi^ 
rent  oxygenation  of  the  acid,  merdy  as  the 
conversion  of  a  portion  of  its  combined  water 
into  deotoxide  of  hydrogen.  Hie  same  ex- 
pUmation  may  be  extended  to  the  other  oxy- 
genised adds  of  M.  Tbenard.     See  Watjuu 

ACID  (CHLORIC).  We  place  this  acid 
after  the  muriatic  add,  because  it  has  chlo- 
rine abo  for  its  base.  It  was  fint  eh'minat- 
ed  from  the  salts  oontsining  it  by  M.  Gi^ 
Lussac,  and  described  by  him  in  bis  admira- 
ble memoir  on  iodine^  published  in  the  91st 
volume  of  the  Annale$  de  Chimie.  When  a 
current  of  chlorine  is  passed  for  some  time 
throo^  a  solution  of  barytic  earth  in  warm 
water,  a  substance  called  hyperoxymuriate  of 
baryta  by  ite  first  discoverer,  M.  Cheneviz, 
is  formed,  as  well  as  some  common  muriate. 
The  latter  is  separated,  by  boiling  phosphate 
of  silver  in  the  compound  solution.  Hie 
former  may  then  be  obtained  by  evaporation, 
in  fine  itiomboidal  prisms.  Into  a  dilute 
solution  of  this  salt,  M.  Gay  Lusaac  poured 
weak  sulphuric  add.  Though  he  added 
only  a  few  drops  of  add,  not  nearly  enough 
to  saturate  tiie  baryta,  the  liquid  became  sen- 
sibly add,  and  not  a  bubble  of  oxygen  escaped. 
By  continuing  to  add  sulphuric  add  with 
caution,  he  succeeded  in  obtaining  an  add 
liquid  entirdy  free  from  sulphuric  add  and 
bvyta,  and  not  predpitating  nitrate  of  silver. 
It  was  chloric  add  dissolved  in  water.  Ite 
characters  are  the  following  :— 

Hiis  add  has  no  sensible  smelL  Ite  so- 
lution in  water  is  perfectly  colourless.     Its 
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fBrte  it  toy  acid,  and  H  reddens  b'trnns  with-  netly  hy  saturating  the  aOcaH  or  eartfi  with 

OQt  destroying  the  colour.     It  produces  no  tbe  chloric  add,  or  by  the  old  process  of 

alteration  on  solution  of  indigo  in  sulphuric  transmitting  chlorine  Uirouj^  the  solutions 

add.     Light  does  not  decompose  it.     It  may  of  the  bases  in  Woolfe's  bottles.     In  this 

be  concentrated  by  a  gentle  heat,  without  un-  case  the  water  is  decomposed.     Its  oxygen 

dergoing  decomposition,  or  without  evaponi-  unites  to  one  portion  of  the  chlorine,  fonn- 

ting.     It  was  kept  a  long  time  exposed  to  faig  chloric  add,  while  its  hydrogen  unites  to 

the  air  without  sensible  diminution  of  its  anc»ther  portion  of  dilorine,  forming  muriatic 

quantity.     When  concentrated,  it  has  som&>  acid ;  and  hence,  chlorates  and  mnnates  must 

tiling  of  an  oily  consistency.     When  exposed  be  contemporaneously  generated,  and  must  be 

to  beat,  it  is  partly  deconaposed  into  oxygen  afterwnds  separated  by  crystallisation,  or  po- 

and  cblorinei  and  partly  volatilized  without  culiar  methods. 

alteration.     Muriatic  add  decomposes  it  in  The  chlorate  of  potash  or  hyperoxymuriata 

tiie  same  way,  at  Ae  common  temperature,  has  been  long  known.     When  exposed  to  a 

finlphurotts  add,  and  sulphuretted  hydrogen,  red  heat,  100  grains  of  this  salt  yield  38.8B 

bare  the  same  property ;  but  nitric  add  pro-  of  oxygen,  and  are  converted  into  the  chloride 

doco  no  diange  upon  it.     Combined  with  of  potassium,  oe  the  dry  muriate,     Tbis  re- 

amnoonia,  it  forms  a  fulminating  salt,  former-  mainder  of  61.18  gndns  consists  of  32.19 

1y  described  by  M.  Chenevix.     It  does  not  potassium  and  28.93  chlorine.     But  32.19 

pc^edpitate  any  metallic  solution.     It  readily  potassium  require  6.50  oxygen,  to  form  the 

disBolves  dnc,  disengaging  hydrogen ;  but  it  potash  which  existed  in  the  original  chlo- 

acts  slowly  on  mercury.     It  cannot  be  ob-  rate.     Hierefore^  subtracting  this  quantity 

iained  in  tbe  gaseous  state.     It  is  compos-  ftom  3B.88)  we  have  32.38  for  the  oxygen 

ed  of  I  volume  chlorine  -{-2.5  oxygen,  or  combined   with   the  chlorine^    constituting 

by  wei^  of  100  chlorine  -f  111.70  oxy-  61.31  of  chloric  add,  to  3a69  of  potash, 

gen,  if  we  consider  the  spedfic  gravity  of  Chlorate  of  potash  may  be  procured  by 

dilorine  to  be  2.4866.     But  if  it  be  called  recdving  chlorine,  as  it  is  formed,  into  a  so- 

2L420,  as  M.  Gay  Lussac  does  in  his  memoir,  lution  of  potash.     When  the  solution  is  ss- 

ft  wiU  then  come  out  100  chlorine  -{-  1 14.7  turated,  it  may  be  evaporated  gently,  and  the 

oxygen.     Hiis  last  number  is  however  too  first  crystals  produced  will  be  the  salt  desired; 

great,  in  consequence  of  estimating  the  spe-  this  crystallinng  before  the  simple  muriate^ 

dfic  grstvity  cf  oxygen  1. 1 11 1,  while  M.  Gay  which  is  produced  at  the  same  time  with  it. 

Lttssae  makes  it  1.10359.     Chloric  add  is  Its  crystals  are  in  shining  hexaSdral  lamin«, 

at  any  rate  a  compound  of  5  primes  of  oxy-  or  rhomboidal  plates. 

gen  -^  1  of  chlorine  ^  5  -)-  4.5.  Its  taste  is  cooling,  and  ratber  unpleasant. 

H.  Vauquefin,  in  making  phosphate  of  Its  spedfic  gravity  is  2.0.  Sixteen  parts  of 
'silver  act  on  the  mixed  saline  solution  above  water,  at  60^,  dissolve  one  of  it,  and  2f  of 
described,  tried  to  accelerate  its  action  by  dis-  boiling  water.  The  purest  oxygen  is  extract- 
solving  it  previously  in  acetic  add.  But  on  ed  from  this  salt,  by  exposing  it  to  a  gentle 
evaporating  the  chlorate  of  baryta  so  obtained  red  heat  One  hundred  grains  yidd  about 
to  dryness,  and  exposing  about  30  gruns  to  115  cubic  inches  of  gas.  It  conaistB'  of  9.5 
a  decomposing  heat,  a  tremendous  explosion  chloric  add  -{-  6  potash  ss  15.5,  which  is 
took  place,  which  broke  tbe  furnace,  rent  a  the  prime  equivalent  of  the  salt.  It  is  inca- 
Ifaick  plfldna  crucible^  and  drove  its  lid  into  pable  of  discharging  vegetable  colours ;  but 
the  drnnney,  where  it  stuck.  It  was  the  em-  the  addition  of  a  little  sulphuric  add  deve- 
pioyment  of  acetic  add  which  occasioned  lopes  this  property.  So  likewise  a  few  gndns 
tfab  accident,  and  therefore  it  ought  never  to  of  it,  added  to  muriatic  add,  give  it  this  pro- 
be naed  in  this  way.  P*^y- 

To  the  preceding  account  of  tbe  properties  llie  eflffects  of  this  salt  on  hiflammable 

of  cUoric  add,  M.  Vauquelin  has  added  the  bodies  are  very  powerful.     Rub  two  grains 

Ibllowf ng :— Its  taste  is  not  only  add,  but  into  powder  in  a  mortar,  add  a  grain  of  sulr 

astringent,  and  its  odour,  when  concentrated,  phur,  mix  them  well  by  gentle  trituration, 

is  somewlmt  pungent.     It  difTers  from  chlo-  then  collect  the  powder  into  a  heap,  and  press 

line^  in  not  predpitating  gelatin.     When  upon  it  suddenly  and  forcibly  with  the  pestle, 

paper  stained  vrith  litmua  is  left  for  some  dme  a  loud  detonation  will  ensue.    If  the  mixture 

in  contact  with  it,  the  colour  is  destroyed,  be  wrapped  in  strong  paper,  and  struck  with 

Mixed  Willi  muriatic  add,  water  is  formed,  a  hammer,  the  report  will  be  still  louder, 

and  both  adds  are  converted  into  chk>rine.  Five  grains  of  the  salt,  tnixed  in  the  same 

Sulpborous  add  is  converted  into  sulphuric,  manner  with  two  and  a  half  of  charcoal,  will 

by  taking  oxygen  from  the  chloric  add,  which  be  inflamed  by  strong  trituration,  espedally  if 

is  consequently  converted  into  chlorine.  a  grain  or  two  of  sulphur  be  added,  but  with- 

Cbloric  add  oombtnes  with  the  bases,  and  out  much  noise.     If  a  little  sugar  be  mixed 

forms  tbe  chlorates,  a  set  of  salts  formerly  vrith  half  its  wdgfat  of  the  chlorate,  and  a 

known  by  tbe  name  of  the  hyperoxygentied  little  strong  sulphuric  add  poured  on  it,  a 

muriates.     They  may  be  formed  dUier  di-  sudden  and  vehement  inflammation  wiULen- 
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sue ;  but  tfab  experiment  requires  entdoB,  es 
well  as  the  following.  To  one  grain  of  the 
powdered  salt  in  a  mortar,  add  half  a  grsin  of 
phosphorus;  it  will  detonate,  with  a  loud 
report,  on  the  gentlest  trituration.  In  this 
experiment  the  hand  should  be  defended  by 
a  glove,  and  great  care  should  be  taken  that 
none  of  the  phosphorus  get  into  the  eyes. 
Phosphorus  may  be  inflamed  by  it  under 
water,  putting  into  a  wine  glass  one  part  of 
phosphorus  and  two  of  the  chlorate^  nearly 
filling  the  glass  with  water,  and  then  pouring 
in,  through  a  glass  tube  reaching  to  the  bot- 
tom, three  or  four  parts  of  sulphuric  add. 
This  experiment,  too,  is  very  hazardous  to  the 
eyes.  If  olive  or  linseed  oil  be  taken  instead 
of  phosphorus,  it  may  be  inflamed  by  similar 
means  on  the  surface  of  the  water.  This  salt 
should  not  be  kept  mixed  with  sulphur,  or 
perhaps  any  inflammable  substance,  as  in 
this  state  it  has  been  known  to  detonate 
spontaneously. 

Chlorate  of  soda  may  be  prepared  in  the 
same  manner  as  the  preceding,  by  substitut- 
ing soda  for  potash ;  but  it  is  not  easy  to 
obtain  it  separate,  as  it  is  nearly  as  soluble 
as  the  muriate  of  soda,  requiring  only  three 
parts  of  cold  water.  Vauquelin  formed  it, 
by  saturating  chloric  acid  with  soda;  500 
parts  of  the  dry  carbonate  yielding  1100 
parts  of  crystallized  chlorate.  It  consists  of 
4  soda  4"  ^'^  *^  =  l^^  which  is  its 
prime  equivalent.  It  crystallizes  in  square 
plates,  produces  a  sensation  of  cold  in  the 
mouth,  and  a  saline  taste;  is  slightly  deli- 
quescent, and  in  its  other  properties  resembles 
the  chlorate  of  potash. 

Baryta  appears  to  be  the  next  base  in  order 
of  affinity  for  this  acid.  Hie  best  method  of 
forming  it,  is  to  pour  hot  water  on  a  large 
quantity  of  this  earth,  and  to  pass  a  current 
of  chlorine  through  the  liquid  kept  warm,  so 
that  a  fresh  portion  of  baiyta  may  be  taken 
up  as  the  former  is  saturated.  Hiis  salt  is 
soluble  in  about  four  parts  of  cold  water, 
and  less  of  warm,  and  crystallizes  like  the 
simple  muriate.  It  may  be  obtained,  how- 
ever, by  the  agency  of  double  affinity ;  for 
phosphate  of  silver  boiled  in  the  solution  will 
decompose  the  simple  muriate,  and  the  mu^ 
riate  of  silver  and  phosphate  of  baryta  being 
insoluble,  will  both  fall  down  and  leave  the 
chlorate  in  solution  alone.  The  phosphate 
of  silver  employed  in  this  process  must  be 
perfectly  pure,  and  not  the  least  contaminat- 
ed with  copper. 

Hie  chlorate  of  strontia  may  be  obtained 
in  the  same  manner.  It  is  deliquescent, 
melts  immediately  in  the  mouth,  and  pro- 
duces cold ;  is  more  soluble  in  alcohol  than 
the  simple  muriate,  and  crystallizes  in  needles. 

The  chlorate  of  lime,  obtained  in  a  similar 
way,  is  extremely  deliquescent,  liquefies  at  a 
low  heat,  is  very  soluble  in  alcohol,  produces 
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Chlorate  of  ammonia  is  formed  by  doable 
affinity,  the  carbonate  of  ammonia  decompos- 
ing the  earthy  salts  of  this  genus,  giving  up 
its  carbonic  add  to  their  base,  and  combin- 
ing with  their  add  into  chlorate  of  ammonia* 
which  may  be  obtained  by  evaporstion.  It 
is  very  soluble  both  in  water  and  alcohol^  and 
decomposed  by  a  moderate  heat. 

The  chlorate  of  magnesia  much  resemblea 
that  of  lime. 

To  obtain  chlorate  of  alumina,  M.  Chene- 
vix  put  some  alumina,  predpitated  from  the 
muriate^  and  well  wadied,  but  still  moisly 
into  a  Woolfe*s  apparatus,  and  treated  it  as 
the  other  earths.  The  alumina  short^  dis- 
appeared ;  and  on  pouring  sulphuric  add 
into  the  liquor,  a  strong  smell  of  chloric 
add  was  percdvable ;  but  on  attempting  to 
obtain  the  salt  pure  by  means  of  phosphate 
of  silver,  the  whole  was  decomposed,  and 
nothing  but  chlorate  of  silver  was  found  in 
the  solution.  M.  Chenevix  adds,  however, 
that  the  aluminous  salt  appeara  to  be  veiy 
deliquescent,  and  soluble  in  alcoboL  See 
Salt. 

ACID  (PERCHLORIC).  If  about  3 
parts  of  sulphuric  add.  be  poured  on  1  of 
chlorate  of  potash  in  a  retort,  and,  after  the 
first  violent  action  is  ova*,  heat  be  gradually 
applied  to  separate  the  deutoxide  of  chlorine^ 
a  saline  mass  will  remain,  consisting  of  bi- 
sulphate  of  potash  and  perchlorate  of  potash. 
By  one  or  two  crystallizatioos,  the  latter  salt 
may  be  separated  from  the  former.  It  is  a 
neutral  salt,  with  a  taste  somewhat  similar  to 
the  common  muriate  of  potash.  It  is  very 
sparingly  soluble  in  cold  water,  since  at  OOP 
only  3^  is  dissolved ;  but  in  boiling  water  it 
is  more  solubleu  Its  crystsls  are  elongated 
octahedrons.  It  detonates  feebly  when  tri- 
turated  with  sulphur  in  a  mortar.  At  the 
heat  of  412^,  it  is  resolved  into  oxygen  and 
muriate  of  potash,  in  the  proportion  of  46  of 
the  former  to  54  of  the  latter.  Sulphuric 
arid,  at  280**,  disengages  the  perchloric  add. 
For  these  facts  sdence  is  indebted  to  Count 
Von  Stadion.  It  seems  to  consist  of  7  primes 
of  oxygen,  combined  with  1  of  chlorine,  or  7.0 
4-  4.5u  These  curious  discoveries  have  been 
lately  verified  by  Sur  H.  Davy.  The  other 
perchlorates  are  not  known. 

Before  leaving  the  adds  of  chlorine,  we 
shall  describe  the  ingenious  method  employ- 
ed by  Mr  Wheeler  to  procure  chloric  add 
from  the  chlorate  of  potash.  He  mixed  a 
warm  solution  of  this  salt  with  one  of  fluo- 
silidc  add.  He  kept  the  itiixture  moderatdy 
hot  for  a  few  minutes,  and  to  Insure  the  per- 
fect deoomposidon  of  the  salt,  added  a  slight 
excess  of  the  add.  Aqueous  solution  of  am- 
monia will  show,  by  the  separation  of  silica, 
whether  any  of  the  fluosilidc  add  be  left  after 
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dMteonpontimioftiieclilonila  Unit  wo 
can  effect  its  complete  decompontion.  The 
miztura  becomes  turbid,  and  fluduUcate  of 
potash  is  precipitated  abundantly  in  the  fionn 
of  a  gelatinoua  mass.  The  supernatant  li- 
quid will  then  contain  nothing  but  chloric 
add,  contaminated  with  a  small  quantity  of 
fluosilicic.  This  may  be  remoTed  by  the. 
cautious  addition  of  a  small  quantity  of  so- 
lution of  chlorate.  Or,  after  filtration,  the 
whole  add  may  be  neutralized  by  carbonate 
of  baryta ;  and  the  chlorate  of  that  earth 
being  obtained  in  crystals,  is  employed  to 
procure  the  add,  as  directed  by  M.  Gay 
Lussac 

ACID  (NANCEIC).  An  add  called  by 
M.  Braconnotnonceic,  in  honour  of  the  town 
of  Nancy,  where  he  lives.  He  discovered  it 
in  many  acescent  vegetable  substances;  in 
sour  rice ;  in  putrefied  juice  of  beet-root ;  in 
sour  decoction  of  carrots,  pease,  &c.  He 
imagines  that  this  add  is  generated  at  the 
same  time  as  vinegar  in  organic  substances, 
when  they  become  sour.  It  is  without  co- 
lour, does  not  crystallize,  and  has  a  very  add 


He  concentrates  the  soured  juice  of  the 
beet-root  till  it  become  almost  solid,  digests 
It  with  alcohol,  and  evaporates  the  alcoholic 
solution  to  the  consistence  of  syrup.  He  di- 
lutes this  with  water,  and  throws  into  it  car- 
bonate  of  zinc.till  it  be  saturated.  He  passes 
the  liquid  through  a  filter,  and  evaporates  till 
a  pellicle  appears.  The  combination  of  the 
new  add  with  oxide  of  zinc  crystallizes. 
After  a  second  crystallization,  be  redissolves 
it  in  water,  poura  in  an  excess  of  water  of 
baryta,  decomposes  by  sulphuric  add  the 
barytic  salt  fonned,  separates  the  deposit  by 
a  Sltetp  and  obtains,  by  evaporation,  the  new 
add  pure. 

It  forma  with  alumina  a  salt  resembling 
gum,  and  with  magnesia  one  unalterable  in 
the  air,  in  little  granular  crystals  soluble  in 
25  parts  of  water  at  66^  Fahr. ;  with  potash 
and  aoda  it  forms  uncrystalUzable  salts,  deli- 
quescent, and  soluble  in  alcohol ;  with  lime 
and  stiontia,  soluble  granular  salts;  with 
baryta,  an  uncrystalliiable  nondeliquesoent 
salt,  having  the  aspect  of  gum ;  with  white 
oxide  of  manganese,  a  salt  which  crystallizes 
in  tetnhedral  prisms,  soluble  in  12  parts  of 
water  at  60^ ;  with  oxide  of  zinc,  a  salt  crys- 
tallizing in  square  prisms,  terminated  by  sum- 
mits obliquely  truncated,  soluble  in  50  parts 
of  water  at  66^ ;  with  iron,  a  salt  crystallizing 
io  slender  four-sided  needles,  of  sparing  solu- 
bility, and  not  changing  in  Ihe  air ;  with  red 
oxide  of  iron,  a  white  noncrystallizing  salt ; 
with  oxide  of  tin,  a  salt  crystallizing  in  wedge- 
form  octahedrons;  with  oxide  of  lead,  an  un- 
cryatallizable  salt,  not  deliquescent,  and  re- 
sembling a  gum ;  with  black  oxide  of  mer- 
cuiy,  a  very  soluble  salt,  which  crystallizes 
in  needles.     See  AaD  (PBcnc). 


ACID  (NITRIC).  Three  p«rte  of  pure 
nitrate  of  potash,  coarsely  powdered*,  are  to 
be  put  into  a  glasa  retort,  with  two  of  strong 
sulphuric  add.  Tins  must  be  cautiously  add- 
ed, taking  care  to  avdd  the  fumes  that  arise. 
Join  to  the  retort  a 'tubulated  recdver  of 
large  capadty,  with  an  adopter  interposed, 
and  lute  the  junctures  with  glazier's  putty- 
In  the  tubulure  fix  a  glass  tube,  terminating 
in  another  large  reedver,  in  whidi  is  a  small 
quantity  of  water ;  and,  if  you  wish  to  collect 
the  gaseous  products,  let  a  bent  glass  tiibe 
from  this  recdver  communicate  with  a  pneu- 
matic trough.  Apply  heat  to  the  recdver 
by  means  of  a  sand  bath.  Hie  firat  product 
that  passes  into  the  recdver  is  generally  red 
and  fuming ;  but  the  appearances  gradually 
diminish,  till  the  add  comes  over  pale,  and 
even  colourless,  if  the  materials  used  were 
dean.  After  this  it  again  becomes  more  and 
more  red  and  fuming,  till  the  end  of  the 
operation ;  and  the  whole  mingled  together 
will  be  of  a  yellow  or  orange  colour. 

Empty  the  recdver,  and  again  replace  it. 
Then  introduce  by  a  small  funnel,  very  cau- 
tiously, one  part  of  boiling  water  in  a  slender 
stream,  and  continue  the  distillation.  A  small 
quantity  of  a  weaker  add  will  thus  be  ob* 
tdned,  which-  can  be  kept  apart.  The  first 
will  have  a  spedfic  grarity  of  about  1.500,  if 
the  beat  has  been  properly  regulated,  and  if 
the  recdver  was  rdfrigerated  by  cold  water  or 
ice.  Add  of  that  density,  amounting  to  two- 
thirds  of  the  wdght  of  the  nitre,  mdy  thu»  be 
procured.  But  conunonly  the  heat  is  pushed 
too  high,  whence  more  or  less  of  the  add  is 
decomposed,  and  its  proportion  of  water  unit- 
ing to  the  remdnder,  reduces  its  strength- 
It  is  not  profitable  to  use  a  smaller  propor- 
tion of  sulphuric  add,  when  a  concentrated 
nitric  is  required.  But  when  only  a  dilute 
add,  called  in  commerce  tuptafvHit^  is  re- 
quired, then  less  sulphuric  add  will  suffice^ 
provided  a  portion  of  water  be  added.  One 
hundred  parts  of  good  nitre,  sixty  of  strong 
sulphuric  add,  and  twenty  of  water,  form 
ec6nomical  proportions. 

As  this  acid  still  holds  in  solution  more  or 
less  dftrous  gas,  it  is  not  in  lact  pure;  it  is 
therefore  necessary  to  put  it  into  a  retort,  to 
which  a  recdver  is  added,  the  two  vessels  not 
bdng  luted,  and  to  apply  a  very  gentle  heat, 
changing  the  recdver  as  soon  as  it  is  filled 
with  red  vapours.  The  nitrous  gas  will  thus 
be  expelled,  and  the  nitric  acid  will  remdn 
in  the  retort  as  limpid  and  colourless  as  wa- 
ter. It  should  be  kept  in  a  bottle  seduded 
from  the  light,  otherwise  it  will  lose  part  of 
its  oxygen. 

What  reoodns  in  the  retort  is  a  bisulphate 
of  potash. 

As  nitric  add,  in  a  fluid  state,  is  always 
mixed  with  water,  different  attempts  have 
been  made  to  ascertdn  its  strength,  or  the 
quantity  of  real  add  contdned  in  it 
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MrKirwmngaTe68astheqfiMatityofi«d  ctnt,  the  root  is  1.053;  and  Ibraach  decade 

add  in  iOO  of  the  liqiiid  acid  viwpeoAe  gca-  vp  to  70,  li»  ivot  arnut  be  diminlabed  bf 

'vity  1.500 :  Sir  H.  Davy's  determination  wee  0.008.     Thus,  for  60,  it  will  become  1.051, 

91;  Dr  Wollaston's,  as  inftrred  from  the  ex-  and  for  70,  1.049.     Abo^e  this  we  shall  ob^ 

perimeots  of  Mr  R.  FhUlips,  75;  and  Mr  tain  a  precise  correspondence  with  ezperi- 

Dalton's  corrected  result  from  Kirwan's  table  ment,  up  to  1.500  sp.  graTity,  if  for  each 

was  68.     In  this  state  of  discordance  I  per-  successiTe  decade  we  subtract  0.0025  from 

formed  a  series  of  experiments,  with  the  view  the  last  diminished  root,  before  raising  it  to 

•of  determining  the  constitution  of  liquid  ni-  the  desired  power,  which  represents  the  per- 

tric  add,  and  published  an  account  of  theno,  centage  of  liquid  add. 
with  some  new  tables,  in  the  fourth  and  sixth         It  is  established  by  the  concurring  expert- 

volumes  of  the  Journal  of  Sdenoe  and  the  ments  of  Sir  H.  DaTy  and  M.  Gay  Lussac^ 

Arts.  that  dry  nitric  acid  is  a  compound  of  3(  to- 

From  regular  prisms  of  nitre  I  procured,  Inmes  of  oxygen  combined  with  one  of  m'tro- 

by  slow  distillation,  with  concentrated  oil  of  gen ;  of  which  the  wdgfats  are  2.5  X  1*111 

▼itriol,  nitric  acid ;  whicfa'by'  the  tests  of  ni-  ss  2.777  for  the  proportion  of  oxygen,  and 

trates  of  silver  and  of  baryta  was  found  to  0.0722  for  that  of  nitrogen ;  and  in  100  parts, 

be  pure.     Only  the  first  portion  that  came  of  73j>  of  the  former  -f-  26|  of  the  latter, 

over  was  employed  for  the  experiments.     It  But  nitrogen  combines  with  several  infierior 

was  neariy  colourless,  and  had  a  spedfic  gra-  proportions  of  oxygen,  which  are  all  multiples 

vity  of  1.500.     A  redistiUed  and  colourless  of  its  prime  equivalent  l.O ;  and  the  present 

futric  add,  prepared  in  London,  was  also  compound  is  exactly  represented  by  making 

used  For  experiments  of  verification,  in  esti-  one  prime  of  nitrogen  =s  1.75,  and  five  of 

mating  the  quantity  of  dry  add  in  liquid  add  oxygen  =  5.0 :  whence  the  add  prime  is  the 

of  a  known  density.  sum  of  these  two  numbers,  or  6.75.     Now 

The  above  add  of  1.500  being  mixed  in  this  result,  deduced  from  its  constituents,  co- 
numbered  phials,  with  pure  water,  in  the  dif-  inddes  perfectly  with  that  derived  from  the 
ferent  proportions  of  95  -|-  5^  00  -^  10,  80  quantity  in  which  this  add  saturates  definite 
•f.  20,  &c  I  obtained,  after  due  a^tation,  quantities  of  the  salifiable  bases,  potash,  soda, 
and  an  interval  of  24  hours,  liquids  whose  lime,  &c.  There  can  be  no  doubt,  therefore, 
spedfic  gravities,  at  60^  Fahrenhdt,  were  de-  that  the  prime  equivalent  of  the  add  is  6.75 ; 
termSned  by  means  of  an  accurate  balance,  and  as  little  that  it  consists  of  five  parts  of 
with  a  narrow-nccked  glass  globe  of  known  oxygen,  and  1.75  of  nitrogen.  Possessed  of 
capadty.  By  considering  the  series  of  num-  these  data,  we  may  perhaps  see  some  reason 
hm  thus  obtained,  I  discovered  the  geometri-  why  the  greatest  condensation  of  volume,  in 
4sal  law  whidi  regulates  them.  The  spedfic  diluting  strong  liquid  add,  should  take  place 
grarity  of  dilute  add,  containing  ten  parts  in  with  58  of  it,  and  42  of  water.  Since  100 
the  100  of  that  whose  density  is  1.500,  is  parts  of  add  of  1.500  contain,  by  my  ex- 
1.054.  Takuig  this  number  as  the  root,  its  periments,  79.7  of  dry  add,  therefore  add  of 
successive  powers  will  give  us  the  successive  the  above  dilution  will  contain  46  dry  add, 
densities,  at  the  terms  of  20,  90,  40,  &c.  per  and  54  water ;  or  reducing  the  numbers  to 
cent  Thus  1.054*  ss  1.1 1 1,  is  the  spedfic  %  prime  proportions,  we  have  the  ratio  of  6.75' 
gravity  correqKmding  to  20  of  the  strong  lU  to  7.875,  bdng  that  of  one  prime  of  real  add 
quid  add  -|-  80  water;  1.054*  as  1.171,  is  to  seven  primes  of  water.  But  we  have  seen 
that  for  30  per  cent  of  strong  acid ;  1.054*-  ^  that  the  real  add  prime  is  made  up  of  one  of 
1.234,  is  the  spedfic  gravity  at  40  per  cent  nitrogen  associated  by  chemical  affinity  with 
llie  spedfic  gravities  are  therefore  a  series  of  five  of  oxygen.  Now  imagine  a  figure,  in 
numbers  in  geometrical  progression,  corres-  which  the  central  prime  of  nitrogen  is  sur- 
ponding  to  the  terms  of  dilution,  another^series  rounded  by  five  of  oxygen.  To  the  upper 
in  arithmetical  progression,  exacdy  as  I  had  and  under  surface  of  the  nitrogen  let  a  prime 
shown  in  the  7th  number  of  the  Journal  of  of  water  be  attached,  and  one  also  to  each  of 
Sdence  with  regard  to  sulphuric  add.  Hence,  the  primes  of  oxygen.  We  have  thus  the 
if  one  term  be  given,  the  whole  series  may  seven  primes  distributed  in  the  most  compact 
be  found.  On  uniting  the  strong  add  with  and  symmetrical  manner.  By  this  kypolhem 
water,  a  considerable  condensation  of  volume  we  can  understand,  how  the  elements  of  arid 
takes  place.  The  maximum  condensation  oc-  and  water  may  have  such  a  collocation  and 
curs  when  58  of  acid  are  mixed  with  42  of  proportion,  as  to  give  the  utmost  efficacy  to 
water.  Above  Uiis  point  the  curve  of  con-  their  reciprocal  attractions,  whence  the  maxi- 
densation  has  a  contrary  flexure ;  and,  tiiere-  mum  condensation  will  result  A  striking 
-fbre^  a  small  modification  must  be  made  on  analogy  will  be  found  in  the  dilution  of  sul- 
the  root  1.054,  in  order  to  obtain  with  final  phuric  add. 

accuracy,  in  the  higher  part  of  the  range,  the         If  on  56  parts  by  wdgfat  of  add  of  1.500, 

numerical  powere  which  represent  the  spedfic  we  pour  cautiously  42  of  water  in  a  graduated 

gravities.   The  modification  is,  however,  very  measure,  of  which  the  whole  occupies  100 

simple.     To  obtain  the  number  for  50  per  divisions,  and  then  mix  them  intimately,  the 
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tMnpenftim  wWrliefipoiiiOOOtol400;  rad 
•fWr  eooUng  to  60^  ■gaia»  the  ▼olume  will 
be  faatid  only  98.65.  No  other  proportion 
of  water  end  ecid  ceuMB  the  evolution  of  » 
miBcfa  heeL  When  90  perts  of  the  itrong 
ecid  era  united  with  10  of  weter,  100  in  to- 
famie  become  97;  end  when  10  pertt  of  the 


eeme  eeid  era  (oanbined  wHfa  90  of  weter,  the 
resulting  Tolume  is  96w  It  desertes  notice^ 
thet  80  of  add  -f  20  weter,  end  30  of  edd 
-f-  70  water,  eech  gives  e  dilute  ecid,  whose 
degree  of  condenietion  is  the  seme ;  nemely* 
100  meesuras  become  9i.8. 


TABLE  of  NITRIC  ACID,  by  Dr  Um. 


teecUSc 
GnvUy. 

ioioa 

Dry  add 
knioa 

GisYlty. 

Add 
InUXL 

Dry  add 
inioa 

GnTity. 

liq. 
Add 
in  100. 

Dry  add 

inioa 

iSpedflc 
Gravity. 

Liq. 
Add 
inioa 

Dry  add 
la  100. 

1.5000 

100 

7a7oo 

1.4189 

75 

5a  775 

1.2947 

50 

39.850 

1.1403 

26 

ia925 

1.4980 

99 

7a903 

1.4147 

74 

5a978 

1.2887 

49 

39.053 

1.1345 

24 

iai28 

l.i960 

98 

7a  106 

1.4107 

73 

5ai81 

1.2826 

48 

3a256 

1.1286 

23 

ia331 

1.4940 

97 

77.309 

1.4065 

72 

57.384 

1.2765 

47 

37.459 

1.1227 

22 

17.534 

1.4910 

96 

7^512 

1.4023 

71 

56.587 

1.2705 

46 

^662 

1.1168 

21 

ia737 

1.4680 

95 

75.715 

1.3978 

70 

55.790 

1.2644 

45 

35.865 

1.1109 

20 

15.940 

1.4650 

94 

74.918 

1.<jH40 

69 

54.993 

1.2583 

44 

35.068 

1.1051 

19 

15.143 

1.4820 

93 

74.121 

1.3882 

68 

54.196 

1.2523 

43 

34271 

1.0993 

18 

14.346 

1.4790 

92 

7a324 

1.3aH3 

67 

53.399 

1.2462 

42 

3a474 

1.^935 

17 

ia549 

1.4760 

91 

72.527 

1.3783 

66 

52.602 

1.2402 

41 

3a677 

1.0878 

16 

ia752 

1.4730 

90 

71.730 

1.3732 

65 

51.805 

1.2341 

40 

31.880 

1.0821 

15 

11.955 

1.4700 

89 

7a9as 

1.3681 

64 

51.068 

1.2277 

39 

31.083 

1.0764 

14 

11.158 

1.4670 

88 

7a  136 

1.3630 

63 

50.211 

1.2212 

38 

30.286 

1.0708 

13 

10.361 

1.4640 

87 

69.339 

1.3579 

62 

4a414 

1.2148 

37 

2a499 

1.0651 

12 

a564 

1.4600 

86 

6a542 

1.3529 

61 

4a617 

1.2084 

36 

2a692 

1.0595 

a 

a767 

1.4570 

85 

67.745 

1.3477 

60 

47.820 

1.2019 

35 

27.895 

1.0540 

10 

7.970 

1.4530 

84 

6a948 

1.3427 

59 

47.023 

1.1958 

34 

27.098 

1.0485 

9 

7.173 

1.4500 

83 

66.155 

1.3376 

58 

4a226 

1.1895 

33 

2a301 

1.0430 

8 

a376 

1.4460 

82 

65.354 

1.3323 

57 

45.429 

1.1833 

32 

25.504 

1.0375 

7 

5w579 

1.4424 

81 

64.557 

1.3270 

56 

44632 

1.1770 

31 

24707 

1.0320 

6 

4.782 

L4385 

80 

6a760 

1.3216 

55 

4a835 

1.1709 

30 

2a900 

1.0267 

5 

a985 

1.4346 

79 

62.963 

1.3163 

54 

4a038 

1.1648 

29 

2ail3 

1.0212 

4 

ai88 

1.4306 

78 

6a  166 

1.3110 

53 

42.241 

1.1587 

28 

2a316 

1.0159 

3 

a39i 

1.4269 

77  61.369 
76  |6a572 

1.3056 

52 

41.4U 

1.1526 

27 

21.519 

1.0106 

2 

1.594 

1.4«28 

1.3001 

51 

40.647 

1.1465 

26 

20.722 

1.0053 

1 

a797 

Hie  column  of  dry  add  shows  the  weight 
wliidi  eny  saH6eble  bese  would  gein,  by  unit- 
ing with  100  perts  of  the  liquid  add  of  the 
ooncspending  spedfic  gravity.  But  it  mey  be 
proper  bcra  to  observe,  thet  Sir  H.  Davy,  in 
extending  Us  views  reletive  to  the  constitution 
of  the  dry  muriates,  to  the  nitrates,  hes  sug- 
gested, thet  the  letter  when  dry  may  be  con- 
sidered as  consisting,  not  of  a  dry  nitric  edd 
combined  with  the  selifiable  oxide,  but  of  the 
oxygen  end  nitrogen  of  the  nitric  edd  with 
the  melel  itMlf  in  triple  union.  A  view  of 
his  raeeooing  will  be  found  under  the  ertide 
Salt.  He  regards  liquid  nitric  edd,  et  its 
ntmoet  density,  as  a  compound  of  1  prime  of 
hydragco,  1  oi  nitrogen,  end  6  of  oxygen. 

The  strongest  edd  that  Mr  Kirwen  could 
procora at 60^  was  1.5543;  but  Rouelle pro- 
fiessee  to  have  obtained  it  of  1.58a 

Nitric  aad  should  be  of  the  spedfic  gra- 
vity of  1.5^  or  a  little  more,  and  colourless. 

Hiat  of  Mr  Kirwan  seems  to  heve  con- 
sisted of  one  prime  of  reel  edd  and  one  of 
Tf  when  the  suitable  corrections  are  made; 


but  no  conmion  chemical  use  requires  it  of 
such  a  strength. 

Ibe  atomieni  rdaiioruk^  of  Add  end  Water 
vrere  thus  presented  by  me,  in  a  tabular 
form,  in  the  Journal  of  Sdenoe  for  Ja- 
nuery  1819,  p.  24a 


UquldAdd 

SpiGtav. 

Atoimt 

AtOBM 

of  1.5. 

dry  Add. 

M^aur. 

100 

1.5000 

100 

152 

98 

1.4960 

100 

168 

96 

1.4910 

100 

183 

94 

1.4850 

100 

200 

92 

1.4790 

100 

216 

90 

1.4730 

100 

236 

86 

1.4600 

100 

275 

84 

1.4530 

100 

294 

83ineariy. 

•    •    • 

100 

300 

83 

1.4500 

100 

305 

57i 

1.3340 

100 

700 

47 

1.2765 

100 

1000 
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1.45 

240 

1.42 

248 

1.40 

247 

i.ai 

242 

l.dO 

296 

1.20 

226 

1.15 

219 

Tbe  followiiig  table  of  boilii^  poinli  hat  ad  out  of  a  bottle  tied  to  the  end  of  a  loii|^ 
been  given  by  Mr  Dalton«  stick,  otberwiie  the  operator's  £M!e  and  eyea 

Add  of  sp.  gr.  1.50  boOa  at  210^  will  be  endangered.    If  it  be  poured  on  per- 

fectly dry  chiuvoal  powder,  it  excites  con^ 
bustion,  with  tbe  emission  of  copious  fumes. 
By  boiling  it  with  sulphur  it  is  deoomposed* 
abd  its  oxygen,  uniting  with  the  sulpbur* 
forms  sulphuric  acid. 

Proust  has  ascertained,  that  add  having 
the  spedfic  gravity  1.48,  has  no  more  action 
At  1.42  spedfic  gravity  it  distils  unaltered,  on  tin  than  on  sand,  while  add  somewhat 
Stronger  add  than  that  becomes  weaker,  and  stronger  or  weaker  acts  furiously  on  the 
weaker  add  stronger,  by  boiling.  When  the  metal.  Now,  add  of  1.465,  by  my  tablei, 
strong  add  is  cooled  down  to  —  60^,  it  con-  consists  of  one  prime  of  real  add  united  with 
cretes,  by  slight  agitation,  into  a  mass  of  the  two  of  water,  constituting,  it  would  thus  ap- 
consistence  of  butter.  pear,  a  peculiarly  powerful  combination. 

This  acid  is  eminently  corrosive,  and  hence  Add  which  takes  up  A'A  oi  iu  wdght 
its  old  name  of  aquafortii.  Its  taste  is  sour  of  marble^  freezes,  according  to  Mr  Caven- 
and  acrid.  It  is  a  deadly  poison  when  in-  ^^  at  — 2«.  When  it  can  dissolve  yJsTrW, 
troduced  into  the  stomach  in  a  concentrated     .^  .^  ^  ^  ^,^  to-41o.6  before 

'^u'^  ^^'^  F^^  ^"^    jJ^L  con^lBtion;  and  when  so  much  diluted  as 

swallowed  without  inconvenience.    It  is  often  ^     f ,  i       a  1 6      >a  ■      ^ 

contaminated,  through  negligence  or  fVaud  ^J^^  "P  """"J^  TinrtSf  >*  congeals  at-- 

in  the  manufacturer,  vrith  sulphuric  and  mu-  f^;*     The  iirrt  has  a  specific  gravi^  of 

riatic  adds.    Nitrate  of  lead  detects  both ;  or  l-fpO  nearly,  and  consuts  of  1  prune  of  dry 

nitrate  of  baryta  may  be  employed  to  deter-  •cid-f-  7  of  water;  the  second  has  a  speafic 

mine  the  quantity  of  sulphuric  add,  and  ni-  gravityof  1.420,  and  contains  exactly  1  prime 

timte  of  silver  that  of  the  muriatic.     The  lal^  of  dry  aad  -f-  4  of  water ;  while  the  third 

ter  proceeds  from  the  crude  nitre  usually  has  a  speafic  gravity  of  1.215,  conaiAing  of 

containing  a  quantity  of  common  salt.  ^  P"™*  ^  «■»«  +  ^\  ?^J^^^    ^*  ^ 

When  it  b  passed  through  a  red-hot  por-  ^7»  ^^  ^^  ^»"d  aad  of  1.^  composed 

oelain  tube,  it  is  resolved  into  oxygen  and  »»  *  P"™«  of  vrater-f- 1  of  dry  aad,  poa- 

nitrogen,  in  the  proportion  above  stated.     It  m«cs  the  greatest  power  of  resisting  the  in. 

retains  its  oxygen  with  Uttle  force,  so  thet  it  ^^^^ce  of  temperature  to  change  its  state, 

is  decomposed  by  aU  combustible  bodies.  **  requires  the  maximum  heat  to  IxmI  it. 

Brought  into  contact  witfi  hydrogen  gas  at  ''«»"*  '*  /»«^»  unchanged ;  and  die  maxi- 

a  high  temperature,  a  violent  detonation  eiv-  ™"™  «>*°  *«  ^^  >••  congelatwn. 
sues;  so  that  this  must  not  be  done  without         The  colour  of  the  aad  is  affected  by  tbe 

great  aiution.     It  inflames  essential  oils,  as  quantity  of  nitric  oxide  it  holds,  and  Su-  H. 

those  of  turpenUne  and  doves,  when  sudden-  ^^^  *><»  JP^e^  «*  **»«  foUowing  table  of  pro- 

ly  poured  on  them ;  but,  to  perform  this  ex-  portions  answenng  to  its  different  hues, 
periment  with  safety,  the  add  must  be  pour- 


COLOUB. 

•   RfiAL  AcDD. 

NiTBic  Oxide. 

Wateb. 

Pale  yellow, 

90.5 

1.2 

as 

Bright  yellow. 

8a94 

2.96 

a  10 

Baik  orange, 

86.84 

5.56 

7,6 

Light  olive^ 

86.0 

6.45 

7.55 

Dark  olive. 

85.4 

7.1 

7.5 

Bright  green, 

84.8 

7.76 

7.44 

Blue  green. 

84.6 

a 

7.4 

But  these  ooloun  are  not  exact  indications  tals ;  in  medidne  as  a  tonic,  as  also  in  fbnn 

of  the  state  of  the  add,  for  an  addition  of  of  vapour  to  destroy  contagion.     For  the 

water  will  change  the  colour  into  one  lower  purposes  of  the  arts  it  is  commonly  used  in 

in  the  scale,  so  that  a  considerable  portion  of  a  diluted  state,  and  contaminated  vrith  the 

vrater  will  change  the  dark  orange  to*  a  blue-  sulphuric  and  muriatic  adds,  by  the  name  of 

green.  agw^oriU.     Two  kinds  are  found  in  the 

Nitric  add  is  of  considerable  use  in  the  shops— one  called  iltmbie  aquafortis,  which  ia 

arts.     It  is  employed  for  etching  on  copper ;  about  half  the  strength  of  nitric  acid ;  the 

as  a  solvent  of  tin,  to.  form  with  that  metal  a  other  simply  aquafortit,  which  is  half  the 

mordant  for  some  of  the  finest  dyes ;  in  me-  strength  of  Uie  double, 
tallurgy  and  assayings  in  various  chemical         A  compound  made  by  mixing  two  parts  of 

processes,  on  account  of  the  fadlity  with  the  nitric  add  vrith  one  of  muriatic,  known 

which  it  parts  with  oxygen  and  dissolves  me-  formerly  by  the  name  of  aqua  regia,  and  now 
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bj  that  of  nkro'mmiatie  aeid,  bat  the  pro- 
perty of  diasolviiig  gold  and  platina.  On 
nuxing  the  two  aods,  beat  is  given  out,  an 
cffisrveacenoe  takes  places  and  the  mixture 
aoquires  an  onnge  colour.  This  is  likewise 
made  hy  adding  gradually  to  an  ounqe  of 
powdered  muriate  of  ammonia  four  ounces 
of  double  aquafortis,  and  keeping  the  mix- 
ture in  s  sand  heat  till  the  salt  is  dissolved; 
taking  care  to  avoid  the  fumes,  as  the  vessel 
must  be  left  open ;  or  by  distilling  nitric  add 
with  an  equal  weight,  or  rather  mote^  of 
common  salt. 

On  this  subject  we  are  indebted  to  Sir  H. 
Davy  for  some  excellent  observations,  pub- 
lished by  him  in  the  first  volume  of  the  Joui^ 
nal  of  Sdencck  If  strong  nUrtni$  acid,  satu- 
lated  with  nitrous  gas,  be  mixed  with  a  satu« 
fated  solution  of  muriatic  add  gas,  no  other 
efilect  is  produced  than  might  be  expected 
fiom  the  action  of  nitrous  acid  of  the  same 
strength  on  an  equal  quantity  of  water ;  and 
the  mixed  add  so  formed  has  no  power  of 
action  on  gold  or  platina.  Again,  if  mu- 
riatic add  gas,  and  nitrous  gas,  in  equal 
volumes,  be  mixed  together  over  mercury, 
and  half  s  volume  of  oxygen  be  added,  the 
immediate  condensation  will  be  no  more  than 
might  be  expected  from  the  formation  of 
nitroas  add  gas.  And  when  this  is  decom- 
posed, or  absorbed  by  the  mercury,  the  mu- 
riatic acid  gas  is  found  unaltered,  mited  with 
a  certain  portion  of  nitrous  ga& 

It  appears  then  that  jutrous  add,  and  mu- 
riatic add  gas,  have  no  chemical  action  on 
eadi  other.  If  eolouriest  nitric  add  and  mu- 
riatic acid  of  commerce  be  mixed  together, 
the  mixture  immediately  becomes  yellow,  and 
gains  the  power  of  dissolving  gold  and  plati- 
num. If  it  be  gently  heated,  pure  chlorine 
arises  from  it,  and  the  colour  becomes  deeper. 
If  the  heat  be  longer  continued,  chlorine  still 
liaes,  but  mixed  with  nitrous  add  ga&  When 
the  process  has  been  very  long  continued,  till 
the  colour  becomes  very  deep,  no  more  chlo- 
rine can  be  procured,  and  it  loses  its  power  of 
acting  upon  platioum  and  gold.  It  is  now 
nknna  and  muriatic  acids.  It  appears  then 
from  these  observations,  which  have  been  very 
often  reputed,  tliat  nitro-muriaUc  add  owes 
its  peculiar  properties  to  a  mutual  decompo- 
sition of  the  nitric  and  muriatic  adds ;  and 
that  water,  chlorine^  and  nitrous  add  gas,  are 
the  results.  Though  nitrous  gas  axid  chlo- 
rine have  no  action  on  each  other  when  per* 
lectly  dry,  yet  if  water  be  present  there  is  an 
immediate  decomposition,  and  nitrous  add 
and  muriatic  add  are  formed.  118  paYts  of 
strong  liquid  nitric  add  bdng  decomposed  in 
this  case,  yield  67  of  chlorine.  A^ua  regia 
does  not  oxidise  gold  and  platina :  it  merely 
causes  thdr  combination  with  chlorine. 

A  bath  made  of  nitro-muriatic  add,  dilut- 
ed so  much  as  to  taste  no  sourer  than  vine- 
gar, or  of  such  a  strength  as  to  prick  the  skin 


a  little  altar  being  exposed  to  it  for  twenty 
minutes  or  half  an  hour,  has  been  introducMl 
by  Dr  Scott  of  Bombay  as  a  remedy  in  chro- 
nic siphylis,  a  variety  of  ulcers  and  diseasea 
of  the  skin,  chronic  hepatitis,  bilious  diaposU 
tions,  general  debility,  and  languor.  He  coo* 
aiders  every  trial  as  quite  incondusive  wheret 
a  ptyalism,  some  affection  of  the  gujibs,  or 
some  very  evident  constitutional  e^ect,  has- 
not  arisen  from  it.  The  internal  use  of  thei 
same  add  has  been  recommended  to  be  con-« 
joined  with  that  of  the  partial  or  general 

With  the  different  bases  the  nitric  add 
forms  nitrates. 

Nitrate  of  baryta,  when  perfectly  pure^  is 
in  regular  octa^lral  crystals,  though  it  is. 
sometimes  obtained  in  small  shining  scales. 
It  may  be  prepared  by  uniting  baryta  direct- 
ly wi^  nitric  acid,  or  by  decomposing  tho 
carbonate  or  sulphuret  of  baryta  with  this, 
add.  Exposed  to  heat  it  decrepitates,  and 
at  length  gives  out  its  add,  which  is  decom- 
posed ;  but  if  the  heat  be  ui^ged  too  far,  the 
baryta  is  apt  to  vitrify  with  the  earth  of  tbfr 
crucible.  It  is  soluble  in  12  parts  of  oold» 
and  3  or  4  of  boiling  water.  It  is  said  to 
exist  in  some  mineral  waters.  It  consists  of- 
6.75  add-H  9.75  base. 

Nitrate  of  potash  ii  the  salt  well  known 
by  the  name  of  nitre  or  taUpetre.  It  is  found 
ready  formed  in  the  East  Indies,  in  Spain,  in- 
the  kingdom  of  Naples,  and  elsewhere^  in 
conaidenble  quantities :  but  nitrate  of  lime  is. 
still  more  abundant.  Far  the  greater  part  of 
the  nitrate  made  use  of  is  produced  by  a  com- 
bination of  drcumstances  which  tend  to  conw 
pose  and  condense  nitric  add.  This  add  ap- 
pean  to  be  produced  in  all  situations,  where' 
animal  matters  are  completely  decomposed 
with  access  of  air,  and  of  proper  substanoea 
with  which  it  can  readily  combine.  Grounds 
frequently  trodden  by  cattle,  and  impregnated 
with  their  excrements,  or  the  walls  of  inbsF- 
bited  places,  where  putrid  animal  vapours 
abound,  such  as  slaughter-houses,  drains,  or 
the  like,  afford  nitre  by  long  exposure  to  the 
air.  Artificial  nitre  beds  are  made  by  an  at- 
tention to  the  drcumstances  in  which  this  salt 
is  produced  by  nature.  Dry  ditches  are  dug^ 
and  covered  with  sheds,  open  at  the  sides,  to 
keep  off  the  rain ;  these  are  filled  with  animal 
substances  ouch  ss  dung,  or  .other  excre- 
ments, with  the  remains  of  vegetables,  and 
old  mortar,  or  other  loose  calcareous  earth  ; 
this  substance  bdng  found  to  be  the  best  and 
most  convenient  receptacle  for  the  add  to 
combine  with.  Occasional  watering,  and 
turning  up  from  time  to  time^  are  necessary 
to  aocderate  the  process,  and  increase  th^ 
surfaces  to  which  the  dr  may  apply ;  but  too 
much  moisture  is  burtfuL  When  a  certain 
portion  of  nitrate  is  formed,  the  process  ap- 
pears to  go  on  more  quickly ;  but  a  certdn 
quantity  stops  it  altogether,  and  after  this. 
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tion  tiM  mitariah  will  90  on  to  f arniilt  ptttnii»  with  dTednl  •ommiti.  Iti  tarte  k 
man,  if  what  is  fortncd  be  extracted  by  lixi-  peneCrathig ;  but  the  cold  produced  by 
viation.  After  a  suocesaioii  of  many  months,  placing  the  salt  to  dissolre  in  the  mouth,  is 
more  or  less,  according  to  the  management  such  as  to  predominate  over  the  real  taste  at 
ef  the  operation,  in  which  the  action  ^  a  re-  6rst  Seven  parts  of  water  dissolve  two  of 
gttlar  current  oif  fresh  air  is  of  the  greatest  nitre,  at  the  temperature  of  60^ ;  but  boiling 
importance^  nitre  is  found  in  the  mass.  If  water  dissolves  its  own  weight.  1 00  parts  of 
the  beds  contained  much  vegetable  matter,  a  alcohol,  at  a  heat  of  176^,  disserve  only  2.9. 
eonadersble  poiticm  of  the  nitrous  salt  will  Itsconstituentsarenitricacid&Td  «*f- potash  0. 
be  common  saltpetre;  but  if  otherwise^  the  On  being  exposed  to  a  gentle  heat,  nitre 
add  will,  for  the  most  pert,  be  combined  fuses;  and  in  this  state  bdng  poured  into 
with  the  calcareous  earth*  moulds,  so  as  to  form  little  round  cakes,  or 
To  extract  the  saltpetre  from  the  mass  of  balls,  it  is  called  $al  prundia,  or  ciysitU  mi- 
earthy  matter,  a  number  of  large  casks  >are  turoL 

prepared,  with  a  cock  at  the  bottom  of  each,         This  salt  powerfully  promotes  the  00m- 

and  a  quantity  of  straw  within,  to  prevent  iu  bustion  of  inflammable  substances.     Two  or 

being  stopped  up.     Into  these  the  matter  is  three  parts  mixed  with  one  of  charcoal,  and- 

put,  together  with  wood-ashes,  either  strewed  set  on  fire^  bum  rapidly ;  azote  and  caibonic 

at  top,  or  added  during  the  filling.     Boiling  add  gas  are  given  out ;  and  a  small  portion 

water  is  then  poured  on,  and  sufitored  to  stand  of  the  latter  is  retained  by  the  alkaline  resi- 

ibr  some  time;  after  which  it  is  drawn  ofl^  doum,  which  was  formerly  ealied  cljfssus  of* 

and  other  water  added  in  the  same  manner,  nitre.     Three  parts  of  nitre,  two  of  subcar-> 

as  long  as  any  saline  matter  can  be  thus  ex-  bonate  of  potash,  and  one  of  sulphur,  mixed 

tracted.    The  weak  brine  is  heated,  and  pass-  together  in  a  warm  mortar,  form  the /u /m»- 

ed  through  other  tubs,  until  it  becomes  of  mUing  powder;  a  small  quantity  of  wbicby 

considerable  strength.      It  is  then  carried  to  laid  on  a  fire  shovel,  and  held  fus&r  the  fire 

the  boiler,  and  contains  nitre  and  other  salts ;  till  it  b^ns  to  mdt,  explodes  with  a  loud 

the  chief  of  which  is  common  culinary  salt^  sharp  noise.     Mixed  with  sulphur  and  char- 

and  sometimes  muriate  of  magnesia.     It  is  coal  it  forms  gunpowder.     See  Gonpowbcr. 
the  property  of  nitre  to  be  much  more  soluble         Three  parts  of  nitre^  one  of  sulphur,  and 

in  hot  than  cold  water;  but  common  salt  is  one  of  fine  saw-dust,  well  mixed,  constitute 

very  nearly  as  soluble  in  cold  as  in  hot  water,  what  is  called  the  powder  of  fusion.     If  a 

Whenever,  therefiite,  the  eviqioration  is  car-  bit  of  base  copper- be  folded  up  and  covered 

ried  by  lioiling  to  a  certain  point,,  much  of  with  this  powder  in  a  walnut-shdl,  and  the 

the  common  salt  will  fall  to  the  bottom,  for  powder  be  set  on  fire  with  a  lighted  paper, 

want  of  water  to  hold  it  in  solution,  though  it  will  detonate  rapidly,  and  fuse  the  metal 

the  nitre  will  remain  suspended  by  virtue  of  into  a  globule  of  sulphuret  without  burning 

the  heat.     The  common  salt  thus  separated  the  shelL 

IS  taken  out  with  a  perforated  ladle,  and  a         Silex,  alumina,   and  baryta,   decompose 

small  quantity*  of  the  fluid  is  cooled,  from  this  salt  in  a  high  temperature  by  uniting 

time  to  time,  that  its  concentration  may  be  with  its  base.     The  alumina  will  eflfect  this 

known  by  the  nitre  which  crystallises  in  it  even  after  it  has  been  made  into  pottery. 
When  the  fluid  is  suffidently  evaporated,  it         The  uses  of  nitre  are  various.     Beside 

is  taken  out  and  cooled,  and  great  part  of  the  those  already  indicated,  it  enters  into  the 

nitre  separates  in  crystals ;  while  the  remain-  composition  of  fluxes,  and  is  extensively  em- 

ing  common  salt  continues  dissolved,  because  ployed  in  metallurgy ;  it  serves  to  promote 

equally  soluble  in  cold  and  in  hot  water,  the  combustion  of  sulphur  in  fabricating  ita 

Subsequent  evaporation  of  the  residue  will  add;  it  is  used  in  the  art  of  dydng;  it  is 

separate  more  nitre  in  the  same  manner.    By  added  to  common  salt  for  preserving  meat, 

the  suggestion  of  Lavoisier,  a  much  simpler  to  which  it  gives  a  red  hue ;  it  is  mi  ingre- 

plan  was  adopted ;  redudng  the  crude  nitre  dient  in  some  frigorific  mixtures ;  and  it  is 

to  powder,  and  washing  it  twice  with  water,  prescribed  in  medidne,  as  cooling,  febriftige. 

This  nitre,,  which  is  called  nitre  of  the  first  and  diuretic ;  and  some  have  recommended 

boiling,  contains  some  common  salt;  fitnn  it  mixed  with  vinegar  as  a  very  powerful 

which  it  may  be  purified  by  solution  in  a  remedy  for  the  sea  scurvy, 
small  quantity  of  water,  and  subsequent  eva-         Nitrate  of  soda,  formerly  called  cubic  or 

poration ;  for  the  crystals  thus  obtained  are  quadrangular  nitre,  approaches  in  its  proper- 

much  less  contaminated  with  common  salt  ties  to  the  nitrate  of  potash ;  but  diflTers  horn. 

than  before;  because  the  proportion  of  water  it  in  bdng  somewhat  more  soluble  in  cold 

is  so  much  larger,  with  respect  \o  the  small  water,  though  less  in  hot,  which  takes  up 

quantity  contained  by  the  nitre,  that  very  lit-  little  more  than  its  own  weight ;  in  bdng 

tie  €f  it  will  crystallize.     For  nice  purposes,  inclined  to  attract  moisture  from  the  atmo»- 

the  solution  and  crystallization  of  nitre  are  phere ;  and  in  crystallizing  in  rhombs,  or 

repeated  four  dmes.     The  crystab  of  nitre  are  rhomboidal  prisms.     It  may  be  prepared  by  ' 

usually  of  the  form  of  six-sided  flattened  satimting  aoda  with  the  nitric  add ;  by  pre- 
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_  nitrie  lokitioai  of  At  bcCbW  ot  ot  explodiDi^  aod  htuig  totally  deodmpoMd^ 

mi  the  cnthsy  except  Imi7«b>  by  toda;  by  at  tbe  tempenture  of  600^ ;  wbeiice  it  ae-t 

Uzmatiiig  and  cryatalliang  tba  rcuduum  of  quired  tbe  name  of  niirum  flammam.     The 

rftffTTMi"  aalt  diadUed  with  threc4burtfa8  iti  reedioat  mode  of  preparing  it  is  by  adding 

wciglit  of  nitric  add ;  or  by  saturating  tbe  carbonate  of  ammonia  to  dilute  nitric  add 

mociber  waters  of  nitre  with  soda,  instead  of  till  saturation  takes  p]ao&     If  this  salutioa 

pgteah.  be  evaporated  in  a  heat  between  70^  and 

Thia  salt  has  been  considered  as  useless ;  100^,  and  tbe  eraporation  not  cairied  toa 

bst  ptofeascr  Pkoust  says,  that  five  perts  of  ftr,  it  crysteUiaes  in  hezaedral  prisms  termi** 

ity  with  one  of  charcoal  and  cue  of  sulphur,  nating  in  very  acute  pyramids:  if  the  heat. 

will  bum  three  times  as  long  as  common  rise  to  212^,  it  will  afibrd,  on  ooc^g,  long 

powder,  so  as  to  form  an  economical  com-  fibrous  silky  crystals:  if  the  evaporation  be 

poaitioo  lor  fire-works.     It  ooosists  of  6.75  carried  so  ftr  as  for  the  salt  to  concrete  im- 

add  4-  4  soda.  mediately  on  a  glass  rod  by  cooling,  it  will 


Nitrate  of  strontia  may  be  obtained  in  the     form  a  compact  ^niass.     According  to  Sir 
manner  aa  that  of  baryta,  with  which     U.  Davy,  these  differ  but  Uttle  from  each 


it  agreea  in  the  shape  of  itt  crystals,  and  most  other,  except  in  the  water  tbey  contain,  their 

of  ite  properties.     It  is  much  more  soluble^  component  parte  being  as  follows : 
howcverv  requiring  but  four  or  five  parte  of 

water  according  to  Vauquelin,  and  only  an  ?SS2*'?««!S"JSs-T<^  SlM 

efoal  weight  according  to  Mr  Henry.    BoiU  coBpact  S  ^"^  674^   ^    ClSiS          I  &7 
ia%  ymbet  diasolves  iwariy  twice  as  much  aa 

eold.     Applied  to  the  wick  of  a  candle^  or  All  these  are  completely  ddiquesoent,  but 

added  to  boraing  alcohol,  it  gives  adeep  red  they  diffhr  a  little  ii» solubility.     Alcohol  at 

to  die  fiamew     On  this  account  it  is  176^  dissolves  nearly  90.9  of  ite  own  wdgbt. 


oaelnl  in  the  art  of  pyrotecfany.     It  coosiste  When  dried  as  much  as  possible  without 

of  d.75  add  -^  6.5  strontia.  decomposition,  it  oonasto  of  6.75  add  -^ 

Nitrate  of  limc^  the  ealeartaut  nitr§  of  8.125  ammonia  -f-  1.125  water. 
oUer  writers,  abounds  in  the  mortar  of  old  The  chief  use  of  this  salt  is  for  affording 
buildings,  particulariy  those  that  have  been  nitrous  oiide  on  bring  decomposed  by  heat, 
much  expoKd  to  animal  effluvia,  or  pro*  See  NinoaEN  (OxiOB  of). 
cesaes  in  wfaidi  asote  is  set  free.  Hence  it  Nitrate  of  magnesia,  magnetum  nUre,  crys- 
abowndE  in  nitre  beds,  as  was  observed  when  tallixes  in  four-^ided  rhomboidal  prisms,  with- 
treating  of  the  nitrate  of  potash.  It  may  oblique  or  truncated  summits,  and  sometimes 
also  be  prepared  artificially,  by  pouring  dilute  in  bundles  of  small  needles.  Ite  taste  is  bit- 
nitric  add  on  carbonate  of  limeu     If  the  ter,  and  veryrimilartotfaatof  nitrsteof  lime. 


be  boiled  down  to  a  syrupy  consia^  but  less  pungent.     It  is  furible,  and  deoom^ 

tence,  and  exposed  in  a  cool  place,  it  cry^  posable  by  heat,  giring  out  first  a  little  oxy- 

talliaes  in  long  prisms,  resembling  bundles  gen  gas,  Uien  nitrous  oxide,  and  lastly  nitric 

of  needles  diverging  from  a  centre.     These  acid.     It  deliquesces  slowly.     It  is  soluble 


soluble  according  to  Henry,  in  an  equal  in  an  equal  weight  of  cold  water,  and  in  but 

vreigbt  of  boiling  water,  and  twice  limr  little  more  of  hot,  so  that  it  is  scarcely  crys- 

weight  of  cold ;  soon  detiquesce  on  exposure  tsllizable  but  by  spontaneous  evaporation. 

to  the  air,  and  are  decomposed  at  a  red  heat.  The  two  preceding  spedes  are  capable  of 


Feurcroy  says,  that  cold  water  dissolves  four  combining  into  a  triple  salt,  an  ammoniaoo- 

times  ite  wdgfat,  and  that  ite  own  water  of  raagnesian  nitrate,  dther  by  uniting  the  two 

crystallization  is  suffident  to  dissolve  it  at  a  in  solution,  or  by  a  partial  decomposition  of 

bdling  beat.     It  is  likewise  soluble  in  less  dther  by  means  of  tbe  base  of  the  other, 

than  ite  wcigbt  of  alcohol.     By  evaporating  This  is  slightiy  inflammable  when  suddenly 

die  aqueous  solution  to  dryness,  continuing  heated;  and  by  a  lower  heat  is  decomposed, 

the  beat  till  the  nhrato  fuses,  keeping  it  in  giring  out  oxygen,  azote,  more  water  than  it 

this  stale  fire  or  ten  minutes,  and  then  pour-  contained  nitrous  oxide,  and  nitric  add.  Tbe 

ing  It  into  an  iron  pot  preriousiy  heated,  we  residuuro  is  pure  magnesia.     It  is  disposed 

obtain  Baldwin  ^  phoaphonu.     Ibis,  which  to  attract  moisture  from  the  air,  but  is  much 

is  tiwbaps  more  properly  nitrau  of  Unuy  less  deliquescent  than  cither  of  the  salto  that 

being  broken  to  pieces,  and  kept  in  a  phial  compose  it,  and  requires  eleven  parte  of  water 

dosdy  stopped,  wfll  emit  a  beautiful  white  at  60^  to  dissolve  it.    Boiling  water  takes  up 

light  in  the  dark,  afWr  having  been  exposed  more^  so  that  it  will  crystallize  by  cooling. 

ioaae  time  to  the  rays  of  the  sun.     At  pre-  It  consiste  of  78  parte  dP  nitrate  of  magnesiay 

Bcnt  no  ttse  is  made  of  this  salt,  except  for  and  22  of  nitrate  of  ammonia, 
drying  some  of  the  gsses  by  attracting  their         From  the  actirity  of  the  nitric  acid  as  a 

moisture;  but  it  might  be  employed  instead  solvent  of  earths  in  analysis,  tbe  nitrate  of 

of  tbe  nitnte  of  potadi  for  mamifiirtaiing  i^ucina  u  better  known  than  any  other  of 

aquafiwtia.  the  salte  of  this  new  earth.      Ite  form  is 

'.  Nitrate  of  ammonin  poss^nes  the  property  either  pulvcralent,  or  a  tenadous  or  ductile 
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Its  taito  is  at  fifst  ncduvine,  mud  It  is  the  sanie  add,  aooofding  |io  M.  Gay 
afterwards  astriogenti  It  grows  soft  by  ex-  Liutac,  which  is  produced  on  leaving  for  a 
posure  to  heat,  soon  melts,  its  add  is  decom-  long  time  a  strong  solution  of  potash  in  con- 
posed  into  oiygen  and  asote,  and  its  base  tact  with  deutoxide  of  axote.  At  the  end  of 
alooe  is  left  behind.  It  is  very  soluble^  and  three  months  he  found  that  100  parts  of 
very  deliquescent.  deutoxide  of  aiote  were  reduced  to  25  of 

Nitrate,  or  rather  superaitrate,  of  alumina  protoxide  of  azoie^  and  that  crystals  of  hypo- 

crystallizes,  though  with  difficulty,  in  thin,  nitrite  (perftttriu)  were  formed, 

soft,  pliable  flakes.     It  is  of  an  austere  and  Sypimiirout  add  (called  f}emitrou$  by  the 

add  taste,  and  reddens  blue  v^etable  colours.  FVench  chemists),  cannot  be  insulated.     As 

It  may  be  formed  by  dissolving  in  diluted  soon  as  we  lay  hold,  by  an  add,  of  the  pot- 

nttiic  add,  with  the  assistance  of  heat,  fresh  ash  with  which  it  is  associated,  it  is  trans* 

piedpitated  alumina,  well  washed  but  not  formed  into  deutoxide  of  azote^  which  is  di»- 

dried.     It  is  deliquescent,  and  soluble  in  a  engaged,  and  into  nitrous  or  nitric  add,  which 

very  small  portion  of  water.     Alcohol  dis--  remains  in  solution. 

solves  its  own  wdght.     It  is  eaaUy  deoom-  ACID  (NITRO-LEUCIC).   Leucine  ia 

posed  by  heat  capable  of  uniting  to  nitric  add,  and  forming 

Nitrate  of  ziroonia  was  first  discovered  by  a  compound,  which  M.  Braoonnot  has  called 

Klaproth,  and  has  since  been  examined  by  the  nitro-leudc  add.     Whoi  we  disserve 

Guyton-Morveau  and  Vauquelin.     Its  crys-  leucine  in  nitric  add,  and  evaporate  the  so- 

tals  are  small,  capillary,  sUky  needles.     Its  lution  to  a  certain  point,  it  passes  into  a  crys- 

taste  is  astringent.     It  is  easily  decomposed  talline  mass,  without  any  disengagement  of 

by  fire^  very  soluble  in  water,  and  deliques-  nilarous  vapour,  or  of  any  gaseous  matter : 

e&oL     It  may  be  prepaaed  by  dissolving  zir-  If  we  press  this  mass  between  blotting  paper,- 

oonia  in  strong  nitric  add ;  but,  like  the  pre-  and  redissolve  it  in  water,  we  shall  obtain 

ceding  species,  the  add  is  always  in  excess.  from  this,  by  oonoentration,  fine,  divergent^ 

Nitrate  of  yttria  may  be  .prepared  in  a  si-  and  nearly  coloujiess  needles.     These  con-* 

mikr  manner.      Its  taste  is  sweetish  and  stitute  the  new  add.     It  unites  to  the  bases 

astringent.     It  is  scarcely  to'  be  obtained  in  forming  salts,  which  fuse  on  red-hot  coals, 

crystals ;  and  if  it  be  evaporated  by  too  The  nitro4eucates  of  lime  and  magnesia  are 

strong  a  heat,  the  salt  becomes  soft  like  unalterable  in  the  air. 

honey,  and  on  cooling  concretes  into  a  stony  ACID(NITRO-SACCHARIC).  Wheo 

mass.     See  Salt.  we  heat-  the  tugar  of  gelatin  with  nitric  add, 

ACID  (NITROUS).  This  add  is  ob-  it  dissolves  without  any  apparoit  disengag»- 
tained  by  exposing  nitrate  of  lead  to  heat  in  ment  of  gas ;  and  if  we  evaporate  this  solution 
a  glass  retort  Pure  nilroue  add  comes  over  to  a  proper  degree,  it  forms,  on  cooling,  a 
in  the  form  of  an  orange'<:oIoured  liquid,  crystalline  mass.  On  pressing  this  mass  be- 
lt is  so  volatile  as  to  boil  at  the  temperature  tween  the  folds  of  bl<^ng  papa,  and  recrys- 
of  82°.  Its  spedfic  gravity  is  1.450.  When  tailizing  them,  we  obtain  'beautiful  prisms, 
mixed  with  water  it  is  decomposed,  and  ni-  colourless^  transparent,  and  slightly  striated, 
trous  gas  is  disengaged,  occasioning  eflTerves-  Tliese  crystals  are  very  different  from  those 
oence.  It  is  composed  of  one  volume  of  which  serve  to  produce  them ;  constitute,  ao- 
oxygen  united  with  two  of  nitrous  gas.  It  cording  to  M.  Braconnot,  a  true  add,  which 
therefore  consists  ultimatdy,  by  wo^t,  of  results  from  the  combination  oftbe  nitric  add 
1.75  nitrogen  -^  4  oxygen ;  by  measure^  of  itself,  with  the  sweet  matter  of  which  the  first 
2  oxygen  4-  1  nitrogen.  The  various  00-  crystals  are  formed.  M.  Tbenard  concdvea 
loured  adds  of  nitre  are  not  nitrou*  adds,  but  it  is  the  nitrous  add  which  is  present 
nitric  add  Impregnated  with  nitrous  gas,  the  Nitro-saccharic  acid  has  a  taste  similar  to 
deutoxide  of  nitrogen  or  azote.  (See  the  thatof  the  tartaric;  only  it  is  a  little  sweetish, 
preceding  table  of  Sir  H.  Davy,  concerning  Exposed  to  the  fire  in  a  capsule,  it  froths 
the  coloured  add).  much,  and  is  decomposed 'with  the  diffusion 

ACID(HYPONITROUS).   Itappean,  ofa  pungent  smell.    Thrown  on  burning  coals 

from  the  experiments  of  M.  Gay  Lussac,  it  acts  like  saltpetre.    It  produces  no  change 

that  there  exists  a  third  add,  formed  of  100  in  saline  solutions.    Finally,  it  combines  with 

azote  and  150  oxygen.     When  into  a  test  the  bases,  and  gives  birth  to  salts  which  pos- 

tube  filled  with  mercury,  we  pass  up  from  sees  peculiar  properties.    For  example,.tbe  salt- 

500  to  600  volumes  of  deutoxide  of  azote,  a  which  it  forms  with  lime  is  not  deliquescent, 

little  alkaline  water,  and  lOOparts  of  oxygen  and  is  very  little  soluble  in  strong  alcohol 

gas,  we  obtain  an  absorption  of  500,  pro-.'  Huit  which  it  produces  with  the  oxide  of  lead 

ceeding  from  the  condensation  of  the  100.  detonates  to  a  certain  degree  by  the  action  of 

parts  of  oxygen  with  400  of  deutoxide  of  heat    Ann,  de  Chitnie  et  de  Phys*  xiii.  113. 

azote.     Now  these  400  parts  are  composed  of  ACID   (NITRIC,    OXYGENIZED). 

200  axote  and  200  oxygen ;  consequently  the  In  our  general  remarks  on  aridity,  we  have 

new  add  is  composed  of  azote  and  oxygen,  in .  described  M.  Tbenard*s  newly  discovered  me- 

the  ratio  of  100  to  150,  as  we  have  said  above,  thod  of  oxygenizing  the  liquid  adds.     The 
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€nt  that  be  examiiied  was  the  oombinatioii 
of  nitric  add  and  oxjgen.  When  tbe  per- 
oxide of  barium,  prepared  by  saturating  ba- 
ryta with  oxygen,  is  moistoiedy  it  fidb  to 
ponrder  without  much  increase  of  tempera- 
tare^  If  in  this  state  it  be  mixed  with  seven 
or  ei|^t  times  its  weight  of  water,  and  dilute 
nitric  acid  be  gradually  poured  upon  it,  it 
disaolTes  gradually  by  agitation,  without  the 
evolution  of  any  gas.  The  solution  is  neu- 
tral, or  has  no  action  on  turnsole  or  turmeric. 
When  we  add  to  this  solution  the  requisite 
quantity  of  sulphuric  add,  a  copious  predpi- 
tate  of  sulphate  of  baryta  fklls,  and  the  filtered 
liquor  is  merely  water,  holding  in  solution  oxy- 
gcniaed  nitric  add.  Hiis  add  is  liquid  and 
coloariesB ;  it  strongly  reddens  turnsole,  and 
resemblca  in  all  its  properties  nitric  add. 

When  hea^  it  immediately  begins  to  dis- 
diarge  oxygen ;  but  its  decomposition  is  never 
complete,  unleas  it  be  kept  bdling  for  some 
time.  The  only  method  which  M.  Thenard 
Ibund  successful  for  concentrating  it,  was  to 
place  it  in  a  capsule,  under  the  reodver  of  an 
air-pump^  along  with  another  capsule  fiiii  of 
lime,  and  to  exhaust  the  recdver.  By  this 
means  he  obtdned  an  add  suflSdently  con- 
centrated to  give  out  eleven  times  its  bulk  of 


lliis  add  combines  very  well  with  baryta, 
potash,  soda,  ammonia,  and  neutralizes  them. 
When  crystallization  commences  in  the  liquid, 
by  even  a  spontaneous  evaporation,  these  salts 
are  instantly  decomposed.  Hie  exhausted  re- 
odver also  decomposes  them.  Theoxygenized 
nitrates,  when  changed  into  common  nitrates, 
do  not  change  the  state  cS  their  neutrdization* 
Strong  solution  of  potash  poured  into  their 
solntions  decomposes  them. 

Oxygenized  nitric  add  does  not  act  on 
gold ;  but  it  dissolves  all  the  metals  which 
tfaiie  common  add  acts  on,  and  when  it  is  not 
loo  concentrated,  it  dissolves  them  without 
cAervescence.  Deutoxide  or  peroxide  of  ba- 
rium contdns  just  double  the  proportion  of 
oxygen  that  its  protoxide  does.  But  M. 
Hienard  says,  that  the  baryta  obtdned  from 
the  nitrate  by  ignition  contdns  always  a  little 
of  tbe  peroxide.  When  oxygenized  nitric 
add  is  poured  upon  oxide  of  silver,  a  strong 
effervescence  takes  place,  owing  to  the  dis- 
engagement of  oxygen.  One  portion  of  the 
oxide  of  silver  is  dissolved,  the  other  is  re- 
duced at  first,  and  then  dissolves  likewise, 
provided  the  quantity  of  add  be  suffident. 
Tbe  solution  being  completed,  if  we  add  pot- 
aafa  to  it,  by  little  and  little,  a  new  efferves- 
cence takes  place,  and  a  dark  violet  predpi- 
tate  fidh ;  at  least  this  is  always  the  colour 
of  the  firrt  deposit.  It  is  insoluble  in  am- 
monia, and,  according  to  dl  appearsnce,  is  a 
protoxide  of  nlver. 

As  soon  as  we  plunge  a  tube  contdning 
oride  of  diver  into  a  solution  of  oxygenized 
mtiatc  of  potash,  a  vident  effervescence  takes 


place,  the  oxide  is  reduced,  the  silver  pred- 
pitates,  the  whole  oxygen  of  the  oxygenized 
nitrate  is  disengaged  at  the  same  time  with 
that  of  the  odde;  and  the  solution,  which 
contdns  merdy  common  nitrate  of  potash, 
remdns  neutral,  if  it  was  so  at  first  But 
the  most  unaccountable  phenomenon  is  tiie 
following  :-*If  silver,  in  a  state  of  extreme 
diridon  (fine  filings),  be  put  into  the  oxy- 
genized  nitrate,  or  oxygenized  muriate  of  pot- 
ash, the  whole  oxygen  is  immediately  dis- 
engaged. The  silver  itself  is  not  attackml^ 
and  the  sdt  remdns  neutral  as  before.  ■  Iron, 
dnc,  copper,  bismuth,  lead,  and  platinum, 
likewise  poaaess  this  property  of  separating 
the  oxygen  of  the  oxygenized  nitrate.  Iron 
and  zinc  are  oxidized,  and  at  tbe  same  time 
occsdcm  the  evolution  of  oxygen.  The  other 
metals  are  not  sensibly  oxidized.  They  were 
all  employed  in  the  state  of  filings.  Gold 
scarcely  acts.  The  peroxides  of  manganese 
and  of  lead  decompose  these  oxym'trates.  A 
very  smdl  quantity  of  these  oxides,  in  powder, 
is  sufficient  to  drive  off  the  whole  oxygen 
from  the  saline  solution.  Tlie  effervescence 
is  livdy.  The  peroxide  of  manganese  un- 
dergoes no  dteration. 

Though  nitric  add  itself  baa  no  action  on 
the  peroudes  of  lead  and  manganese^  the 
oxygenized  add  dissolves  both  of  them  minh 
the  greatest  Ikcility.  The  solution  is  accom- 
panied by  a  great  disengagement  of  oxygen 
gas.  The  effect  of  diver,  he  thinks,  may  pr»> 
babiy  be  ascribed  to  voltdc  deetridty. 

The  remarks  appended  to  our  account  of 
M.  T1ienard*s  oxygenized  muriatic  add  are 
equally  applicable  to  the  nitric ;  but  tbe  phe- 
nomena are  too  curious  to  be  omitted  in  a 
work  of  the  present  kind. 

ACID  (OLEIC).  When  potash  and  hog's 
lard  are  saponified,  the  margarate  of  the  d- 
kali  separates  in  the  form  of  a  pearly-looking 
solid,  while  the  fluid  fat  remdns  in  solution, 
combined  with  the  potash.  When  the  alkali 
is  separated  by  tartaric  acid,  tbe  oQy  prind- 
pie  of  fat  is  obtdned,  which  M.  Chevreul 
purifies  by  saponifying  it  agdn  and  again, 
recovering  it  two  or  three  times ;  by  which 
means  the  whole  of  the  nuurgarine  is  sepa- 
rated. As  this  oil  has  the  property  of  sa- 
turating bases,  and  fionning  neutral  com- 
pounds, he  has  cdled  it  oldc  add.  In  his 
sixth  memoir,  he  gives  the  foUowing  table  of 
results  :— 

100  Oldc  add  of  human  fiit 
Saturate  Baryta,     Strontia,         Lead, 

2&00  19.41  B2.48 

100  Oldc  acid  of  sheep  fat 

26.77  19.38  81.81 

100  Oldc  add  of  ox  fiit 

2a93  19.41  81.81 

100  Oldc  add  of  goose  fat 

26.77  19.38  81.34 

100  Oldc  add  of  hog  ikt 

27.00  29138  81.80 

F 


ACID                           ^  OXALIC 

Oleic  acid  it  tm  oily  fluid  without  taste  quantity  of  oxalic  add  furnished  by  Tegetable 
and  smeU.    Its  specific  gravity  is  0.914*.    It  matters  thus  treated  is  proportionable  to  their 
is  generally  soluUe  in  its  own  weight  of  boil-  nutritive  quality,  and  particularly  that,  from 
ing  alcohol,  of  the  specific  gravity  of  0. 7952 ;  cotton,  he  could  not  obtain  any  sensible  quan- 
bttt  some  of  the  varieties  are  still  more  solu-  tity,     Deyeuz,  having  cut  with  sdssars  the 
blew     100  of  the  oleic  acid  satmate  16w58  of  hairs  of  the  chick  pea,  found  they  gave  out 
potash,  10.11  of  soda,  7.52  of  magnesia,  an  add  liquor,  whidi,  on  examination,  proved 
14^83  of  anc,  and  13.93  peroxide  of  copper,  to  be  an  aqueous  solution  of  pure  oxalic  add. 
M.  Chevreul*s  experiments  have  finally  in-  Proust,  and  other  chemists,  had  before  ob- 
duoed  him  to  adopt  the  quantities  of  100  add  served,  that  the  shoes  of  persons  walking 
to  27  baryta,  as  the  most  correct;  whence  through  a  field  of  chick  peas  were  corroded* 
calling  baryta  9.75^  we  have  the  equivalent  Brsconnot  has  lately  shown,  that  the  crust- 
prime  of  oleic  add  s=  36.0.  aceous  lichens^  such  as  }}€HtLiana  comMunu% 
ACID  (OXALIC).     This  add  may  be  urceolaria  scrupom,  itidium  coraliinunh  pa* 
obtained  finom  sugar  in  the  following  way :—  leUaria  /artareo,  veraota  rubra,  hematommOf 
To  six  ounces  of  nitric  add  in  a  stoppered  baomiceserieetorumfMquamarialenHgeratpla' 
retort,  add,  by  degrees,  one  ounce  of  lump  codium  radiotwUf  ochroleucumt  psora  can- 
sugar  coarsely  powdered.   A  gentle  heat  may  dida,  contain  nearly  one-half  their  wdgfat  of 
be  applied  during  the  solution,  and  nitric  oxalate  of  lime ;  a  substance  which  is  to  these 
oxide  will  be  evolved  in  abundance.     When  plants  what  carbonate  of  lime  is  to  corallines^ 
the  whole  of  the  sugar  is  dissolved,  distil  off  and  phosphate  of  lime  to  animal  bones.  Hum- 
9  part  of  the  acid,  till  what  remains  in  the  boldt  says,  these  are  the  lichens  by  which  the 
letort  has  a  syrupy  consistence ;  and  this  will  earth  void  of  vegetation  in  the  north  of  Peru 
form  regular  crystali^  amounting  to  58  parts  b^^  to  .be  covered :  by  thdr  means  vegeta- 
Irom  I^  of  sugar.     These  crystals  must  be  tion  seems  to  commence  on  the  barren  sur- 
dissolved  in  water,  recrystalliied,  and  dried  face  of  rocks.     By  the  successive  action  of 
on  blotting  paper.  solution  of  carbonate  of  soda,  aided  by  a  boil- 
Many  other  substances  afford  the  oxalic  ing  heat,  the  Oxalate  of  lime  in  these  planta 
add  when  treated  by  distillation  with  the  ni-  is  converted  into  a  carbonate,  while  oxalate 
trie   Bergman  procured  it  firom  honey,  gum-  of  soda  remains  dissolved, 
arable,  alcohol,  and  the  calculous  coocre-  M.  Vauquelin,  by  treating  pectic  add  with 
tions  in  the  kidneys  and  bladders  of  animals,  potash  in  a  crudble,  converted  it  into  oxalate 
Scheele  and  Hennbstadt  from  sugar  of  milk,  of  potash.     This  production  of  oxalic  add 
Scheele  from  a  sweet  matter  contained  in  fat  suggested  to  M.  Gay  Lussac  the  followiqg 
<h1b,  and  also  from  the  uncrystallizable  part  line  of  experiments :— Cotton  heated  below 
of  the  juice  of  lemons.     Hennbstadt  from  redness  with  five  times  its  wdght  of  causdc 
the  add  of  cherries,  and  the  acid  of  tartar,  potash  and  a  little  water,  was  converted  part- 
.Goettling  from  beech  wood.    Kohl  from  the  ly  into  oxalate  of  potash,  as  was  shown  by 
residuum  in  the  disdllation  of  ardent  spirits,  supersaturating  with  nitric  add,  and  testing 
Westrumb  not  only  from  the  crystallised  with  nitrates  of  lead  and  lime.     Wood  saw- 
adds  of  currants,  cherries,  dtrons,  raspber-  dust,  with  the  same  treatment,  gave  the  same 
ries,  but  also  from  the  saccharine  matters  of  result    So  did  sugar,  starch,  gum,  and  sugar 
these  fruits,  and  from  the  uncrystalliaable  of  milk,  with  the  disengagement  of  hydrogen, 
parte  of  the  add  juices.    Hoflboann  from  the  The  most  remarkable  transformation  is  that 
juice  of  the  barberry;  and  BerthoUet  from  of  tartaric  into  oxalic  acid  by  potash,  at  a 
•ilk,  hair,  tendons,  wool ;  also  from  other  temperature  not  exceeding  400^  F. 
animal  substances,  especially  from  the  coa-  Qtric  and  mucic  adds  produced  also  much 
gulum  of  blood,  whites  of  eggs,  and  likewise  oxalic  add,  as  did  also  lithic  add.     Silk  and 
fitm  the  amylaceous  and  glutinous  parts  of  gelatin  gave  a  similar  result     Indigo  gave 
flour.   M.  BerthoUet  observes,  that  the  quan-  no  oxalic  add.     Soda  may  be  used  instead 
tity  of  the  oxalic  add  obtained  by  treating  of  potash,  but  the  carbonated  alkali  will  not 
wool  with  nitric  add  was  very  considerable,  answer. 

being  above  half  the  wdght  of  the  wool  em-  From  the  general  phenomena  it  may.  be 

ployed.     He  mentions  a  difference  which  he  concluded,  that  a  vegetable  substence^  heated 

observed  between  animal  and  vegetable  sub-  moderately  with  potash,  gives  oxalic  add ; 

stances  thus  treated  with  nitric  add,  namely,  but  when  more  strongly  heated,  carbonic 

that  the  former  yielded,  beside  ammonia,  a  acid. 

large  quantity  of  an  oil  which  the  nitric  add  Tarter  may  be  very  elegantly  transformed 

could  not  decompose ;  whereas  the  oily  parts  into  oxalate  of  potassa,   by  dissolring  the 

of  v^etables  were  totally  destroyed  by  the  rough  tartar  in  water  with  a  proper  quantity 

action  of  this  add ;  and  he  remarks,  that  in  of  potash  or  soda,  and  making  the  solution 

this  instance  the  glutinous  part  of  fiour  re-  pass  by  means  of  a  pump,  in  a  continual  cur- 

sembled  animal  substances,  whereas  the  amy-  rent,  through  a  thick  tube  of  iron  or  bronxe, 

laceous  part  of  the  flour  retained  its  vegeta-  heated  to  400^  or  450"  F.     Hie  pressure 

bl«  properties.    He  further  remarks,  that  the  need  not  be  more  than  25  atmospheiesi  for 
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•o  gM  wiU  be  dheugoge^    A  val^e  b  to  be  Dr  Fjrout't  ranilts  (PfaiL  Tnuie.  I8S7) 

pboed  at  the  opposite  extremity  to  tbet  at  agree  with  the  above, 

which  the  aolvtion  enteni  and  charged  with  Oxalic  add  acts  as  a  Tiolent  poison  when 

■afficieDt  wei|^t  to  obtain  this  pressure;  it  swallowed  in  the  quantity  of  two  or  three 

wiD  then  be  opened  only  by  the  pressure  drschms;   and  several  fatal  accidents  have 

exerted  fay  the  injection  pump.    Less  than  a  lately  occurred  in  London,  in  consequence  of 

prioM  proportion  of  potassa  for  a  proportion  its  being  improperly  sold  instead  cf  Epsom 

of  nctttnl  tartar  will  be  necessary.  salts.    Its  vulgar  name  of  sslts,  under  which 

Oxalic  add  crystallises  in  quadrilateral  the  add  is  bought  for  the  purpose  of  whiten- 
prismst  the  sides  of  which  are  alternately  log  boot-tops,  occasions  these  lamentable  mis- 
broad  and  narrow,  and  summits  dTedral ;  otf  takes.  But  the  powerfully  add  taste  of  the 
if  crystallised  rspidly,  in  small  im^lar  ne^  latter  substance,  jdned  to  its  prismatic  or 
dlo.  Tbcy  are  e£Borescent  in  dry  air,  but  at-  needle-formed  crystallisation,  are  sufficient  to 
tract  a  little  humidity  if  it  be  damp;  are  solu^  distinguish  it  from  every  thing  else.  The 
ble  in  one  part  of  hot  and  two  of  cold  water ;  immediate  rejection  from  the  stomach  of  tiiis 
and  are  decomposable  by  a  red  heat,  leaving  add  by  an  emetic,  aided  by  copious  draughts 
a  small  quantity  of  coaly  residuum.  100  of  warm  water  containing  bicarbonate  of 
parts  of  alcohol  take  up  nearly  56  at  a  bdU  potash,  or  sods,  chalk,  or  carbonate  of  mi^ 
ii^  heat,  but  not  above  40  cold,  llidr  aci-  nesia,  are  the  proper  remedies. 
dity  is  so  great,  that  when  dissolved  in  3600  With  baryta  it  forms  an  insoluble  salt ;  but 
times  their  weight  of  water,  the  solution  red-  this  salt  will  dissolve  in  water  sddulated  with 
dens  litmus  paper,  and  is  perceptibly  acid  to  oxalic  add,  and  afford  angular  crystals.  If, 
lbs  taste.  however,  we  attempt  to  dissolve  these  crystals 

Ibe  oxalic  acid  is  a  good  test  finr  detecting  in  boiling  water,  the  excess  of  add  will  unite 

fime,  which  it  separates  from  all  the  other  with  the  water,  and  leave  the  oxalate^  which 

add^  unless  they  are  present  in  excess.     It  will  be  predpitated. 

has  likewise  a  greater  affinity  for  lime  than  The  oxalate  of  strontia,  too^  is  a  nesriy 

tar  any  other  of  the  bases,  and  ibrms  with  it  soluble  compound. 

a  pulverulent  insoluble  salt^  not  readily  de-  Oxalate  of  magnesia,  too^  is  Insoluble,  un> 

compceable  except  by  fire,  and  turning  syrup  less  the  acid  be  in  excess, 

of  violets  green.  Hie  oxalate  of  potash  exists  in  two  states* 

From  the  oxalate  of  lead,  Berselius  infers  that  of  a  neutral  salt,  and  that  of  an  addule. 
its  prime  equivalent  to  be  4k55S,  and  by  igne-  The  latter  is  generally  obtained  from  the  juice 
ODs  decomposition  he  finds  it  resolved  into  of  the  leaves  of  the  oraiis  aceiouUat  vvood 
66^53^  oxygen,  33.222  carbon,  and  0.244  sorrel,  or  rtimeracetoM,  common  sorreL  The 
hydrogen.  Snce  Berzelius  published  his  ana-  expressed  juice,  bang  diluted  with  water, 
lysis,  oxalic  add  has  been  made  the  subject  should  be  set  by  for  a  few  days,  till  the  fecu- 
of  some  ingenious  remarks  by  Doberdner,  in  lent  parts  have  subdded,  and  the  supema- 
the  IGth  voL  of  Schweigger's  JoumaL  We  tant  fluid  is  become  clear ;  or  it  may  be  cla- 
see  that  the  carbon  and  oxygen  are  to  each  rified,  when  expressed,  with  the  whites'  of 
other  in  the  simple  ratio  of  one  to  two ;  or  re-  ^ggs.  It  is  then  to  be  stndned  off,  e^po- 
fened  to  their  prime  equivalent^  as  two  of  car-  rated  to  a  pellide^  and  set  in  a  cool  place  to 
bon  ^  1,5,  to  three  of  oxygen  ^3.0.  Hiis  crystallize.  The  first  product  of  crystals  he- 
proportion  is  what  would  result  from  a  prime  ing  taken  out,  the  liquor  may  be  further  eva- 
of  carbonic  add  ^  C  -f-  2.  O,  combined  porated  and  crystallised,  and  the  same  pro- 
with  one  of  carbonic  oxide^  s=  C  -f-  Q.  C  cess  repeated  till  no  more  can  be  obtained. 
fr^ng  carbon,  and  O  oxygen.  The  sum  of  In  this  way,  Schlereth  informs  us,  about  nine 
the  above  wdghts  gives  ^5  for  the  prime  drachms  of  crystals  may  be  obtained  from 
equivalent  of  oxalic  add,  disregarding  by-  two  pounds  of  juice,  which  are  generally  a£» 
dragen,  which  constitutes  but  l-37th  of  the  forded  by  ten  pounds  of  wood  sorreL  Sa- 
whde^  and  may  be  referred  to  Uie  imperfect  vary  however  says,  that  ten  parts  of  wood 
desiccation  of  the  oxalate  of  lead  subjected  to  sorrel  in  full  vegetation  yield  five  parts  of 
analysis.  juice,  which  give  littie  more  than  a  two-hun- 

I  have  found  in  my  experiments  (FhiL  dredth  of  tolerably  pore  salt  He  boiled 
TnoB.  1822),  that  dry  oxalate  of  lead  ignited  down  the  juice,  however,  in  the  first  instance^ 
in  rtmtHf*  widi  calomel  in  a  glass  tube^  yidds  without  clarifying  it ;  and  was  obliged  re- 
no  trace  of  muriatic  add ;  a  certdn  proof  that  peatedly  to  dissolve  and  recrystallize  the  salt 
no  hydrogen  exists  in  dry  oxalic  add.     I  to  obtain  it  white.  ■ 

found  the  prime  equivalent  of  oxalic  add,  in  This  salt  is  in  small,  white,  needly,  or  la- 

aystals,  to  be  1S75,  containing  three  atoms  mdlar  crystals,  not  alterable  in  the  air.     It 

of  water  associated  with  the  two  atoms  of  car-  unites  with  baryta,  magnesia,  soda,  ammonia, 

bonand  three  of  oxygen,  which  alone  enter  and  most  of  the  metallic  oxides,  into  triple 

into  the  -above  combination  with  oxide  of  salts.     Yet  its  solution  predpitates  the  nitric 

lead,  and  which  wdgh  4v5.  solutions  of  mercury  and  silver  in  the  state 
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of  iosoliible  oxi^tes  of  these  meCals,  the  ni-  nsped,  pressed,  and  waihed  with  common 

trie  acid  in  this  case  combining  with  the  water,  tiU  the  latter  passed  off  limpid.    Every 

potash.     It  attacks  iron,  lead,  tin,  sine,  and  100  parts  of  the  pressed  carrot,  with  5  parts 

antimony.  of  bicarbonate  of  potash,  were  boiled  in  water 

This  salt,  besides  its  use  in  taking  out  ink  the  usual  time^  to  form  a  clear  fluid,  and  then 
spots,  and  as  a  test  of  lime,  forms  with  sugar  pressed ;  a  strong  solution  of  pectate  of  pot- 
and  water  a  pleasant  cooling  beverage ;  and,  ash  was  thua  formed,  which,  being  decompos- 
according  to  BerthoUet,  it  possesses  consider-  ed  by  excess  of  muriate  of  lime,  gave  an  in- 
able  powers  as  an  antiseptic  soluble  pectate  of  lime.     This  was  washed 

The  neutral  oxalate  of  potash  is  very  so-  and  treated  with  water  acidulated  with  mu- 

luble^  and  assumes  a  gelatinous  form,  but  riatic  acid,  and  Anally  with  pure  water.  The 

may  be  brought  to  crystallize  in  hexs^dral  pectic  acid  thus  obtained  was  very  pure,  and 

prisms  with  diedral  summits,  by  adding  more  far  whiter  than  that  obtained  by  the  use  of 

potash  to  the  liquor  than  is  sufficient  to  satu-  the  caustic  alkali, 

rate  the  acid.     See  Salts  (Table  of).  Carbonate  of  soda,  cautiously  employed. 

Oxalate  of  soda  likewise  exists  in  two  dif-  nuiy  prove  an  economic  substitute  for  the 

ferent  states,  those  of  an  acidulous  and  a  neu-  bicarbonate  of  potash, 

tral  salt,  which,  in  their  properties,  are  an*-  If  an  excess  of  caustic  potash  be  added  to 

logons  to  those  of  potash.  gelatinous  pectic  add  in  a  platina  crucible^ 

If  oxalic  acid  be  saturated  with  ammonia,  and  gradually  heated  and  agitated,  the  mix- 

we  obtain  a  neutral  oxalate,  which,  on  eva-  ture  soon  liquefies  and  becomes  brown.     So 

poration,  yields  very  fine  crystals  in  tetrae-  soon  as  by  gradual  evaporation  the  whole  of 

dral  prisms  with  diedral  summits,  one  of  the  the  water  is  dissipated,  the  saline  matter,  by 

planes  of  which  cuts  off*  three  sides  of  the  careful  management  of  the  heat,  becomes  ra- 

prism.     This  salt  is  decomposable  by  fire,  pidly  white. 

which  raises  from  it  carl>onate  of  ammonia,  By  examination  it  is  then  found,  dmt  the 

and  leaves  only  some  slight  traces  of  a  coaly  alkali  is  nearly  neutralized,  and  that,  when 

residuum.     Lime,  baryta  and  strontia,  unite  dissolved,  nitric  acid  evolves  a  little  carbonic 

with  its  add,  and  the  ammonia  flies  off  in  add,  but  no  pectic  add ;  and  by  further  ex- 

the  form  of  gas.     Its  constituents  are,  add  amination  the  potash  will  be  found  neutra- 

4.6,  ammonia  2.125>  water  2.25,  s=s  8.875.  lized  almost  entirely  by  oxalic  acidt  formed 

The  oxalic  acid  readily  dissolves  alumina,  at  the  expense  of  the  pectic  add  first  added, 

and  the  solution  gives  on  evaporation  a  yellow-  •'^Ann.  de  Chim»  xli.  4^ 

ish  transparent  mass,  sweet,  and  a  little  astrin-  A  CI  D   ( PH  OCENI C).     The  odorous 

gent  to  the  taste,  deliquescent,  and  reddening  prindple  of  the  soap  of  the  dolphin  oils,  ac- 

tincture  of  litmus,  but  not  syrup  of  violets,  cording  to  M.  Chevrenl.      The  sp.  gr.  of 

This  salt  swdls  up  in  the  fire,  loses  its  add,  phocenic  add  is  0.932.     It  is  colourless,  and 

and  leaves  the  alumina  a  little  coloured.  takes  100  parts  of  water  to  dissolve  5.5  of  it. 

The  composition  of  the  different  oxalates  It  is  soluble  in  alcohol  in  every  proportion, 

may  be  ascertained  by  conudering  the  neutral  Its  constituents  are  in  volume,  3  of  oxygen, 

salts  as  consisting  of  one  prime.of  add  ^  4.5  10  of  carbon,  and  14  of  hydrogen.     100  of 

to  one  of  base,  and  the  binoxylate  of  potash  phocenic  add  neutralize  82.77  of  baryta, 

of  2  of  add  to  one  of  base,  as  was  first  proved  forming  a  salt  soluble  in  its  own  wdght  of 

by  Dr  WoUaston.     But  this  eminent  philo-  water  at  68°  F.     The  disagreeable  smell  of 

sopher  has  further  shown,  that  oxalic  add  is  leather  dressed  with  fish  oil,  is  ascribed  by 

capable  of  combining  in  four  proportions  with  M.   Chevreul  to  the  decomposition  of  the 

the  oxides,  whence  result  neutral  oxalates,  phocenic  add  contained  in  this  oil.—- ^nn.  de 

suboxalates,  addulous  oxalates,  andaddoxa-  Cfiim,  et  de  Phy$,  xxiii.  16. 

lates.     The  neutral  contain  twice  as  much  ACID  (PHOSPHATIC).     This  add  is 

add  as  the  suboxalates ;  one-half  of  the  quan>  obtained  by  the  slow  combustion  of  cylinders 

tity  of  add  in  the  addulous  oxalates ;  and  of  phosphorus  in  the  air.    For  which  purpose 

one-quarter  of  that  in  the  add  oxalates.    See  it  is  necessary  that  the  air  be  renewed  to  sup- 

Salt.  port  the  combustion ;  that  it  be  humid,  other- 

ACID  (PECTIC).     The  name  given  by  wise  the  dry  coat  of  pfaosphatie  add  would 

Braconnot  to  an  add  which  he  conceives  to  screen  the  phosphorus  from  farther  action  of 

be  universally  diffused  through  vegetables,  the  oxygen ;  and  that  the  different  cylinders 

imd  analogous  to,  if  not  identical  with  jelly,  of  phosphorus  be  insulated,  to  prevent  the 

85  of  this  add  seem  to  neutralize  15  of  pot-  heat  from  becoming  too  high,  which  would 

ash,  and  afford  a  compound  like  gum-arabic  melt  or  inflame  them,  so  as  to  produce  phos- 

•— if  fin.  de  Chim.  et  de  Phys.  xxviiL  173.  phoric  acid.  The  add,  as  it  is  formed,  must  be 

Vauquelin  has  recently  described  processes  collected  in  a  vessel,  so  as  to  lose  as  little  of  it 

by  which  this  substance  may  be  obtained  as  possible.  All  these  conditions  may  be  thus 

pure,  and  has  pointed  out  several  new  pro-  fulfilled  :— -We  take  a  pared  of  glass  tubes, 

perties.  which  are  drawn  out  to  a  point  at  one  end ; 

A  yellow  variety  of  Zanders  carrot  was  we  introduce  into  each  a  cylinder  of  phos- 
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pbomt  a  Itttk  ihottor  than  the  tube;  we  die-  pens  by  evapoimtion.      A  large  quantity  of 

peee  of  theee  tubes  alongdde  of  one  another,  water  must  then  be  added,  the  whole  strained  - 

to  tbe  anooant  of  90  or  40,  in  a  glass  funnel,  thnmgfa  a  sieve,  and  the  residual  matter, 

the  beak  of  which  passes  into  a  bottle  placed  which  is  sulphate  of  lime,  must  l>e  edulco- 

on  a  plate  covered  with  water.     We  then  rated  by  repeated  affUsions  of  hot  water,  till 

cover  the  bottle  and  its  funnel  with  a  large  it  passes  tasteless.    The  waters  contain  pboa- 

beU-glass,  having  a  small  hole  in  its  top^  and  phoric  acid  with  a  little  lime ;  and  by  evapo- 

anotber  in  its  side.  ration,  first  in  glazed  earthen,  and  then  in 

A  film  of  phosphorus  first  evaporates,  then  glass,  vessels,  (or  rather  in  vessels  of  platina  or 

qombinew  with  the  oxygen  and  the  water  of  silver,  for  the  hot  add  acts  upon  glass),  afford 

the  air,  giving  birth  to  pho8|rfiatic  acid,  which  the  impure  acid  in  a  concentrated  state,  which, 

ooUecta  in  sooali  drops  at  tbe  end  of  the  glass  by  the  force  of  a  strong  heat  in  a  crucible, 

tubes,  and  fidls  through  the  funnel  into  the  may  be  made  to  acquire  the  fbrm  of  a  trana- 

bottle^     A  little  phogphaticacid  is  also  fbund  parent  consistent  glass,  though,  indeed,  it  is 

oo  the  aides  of  the  beLUglass,  and  in  the  wa-  usually  of  a  milky  opaque  appearance. 
ter  of  the  plate.     Hie  process  is  a  very  slow         For  making  phosphorus,  it  is  not  necessary 

one.  to  evaporate  Uie  water  further  than  to  bring 

The  phoaphatic  acid  thus  ooUected  is  very  it  to  the  consistence  of  syrup.    But  when  the 

dQuie.    We  reduce  it  to  a  viadd  consistence,  add  is  required  in  a  pure  state,  it  is  proper 

by  heating  it  gently ;  and  better  still,  by  to  add  a  quantity  of  carbonate  of  ammonia, 

putting  it,  at  the  ordinaiy  temperature^  into  a  which,  by  double  elective  attraction,  predpi- 

capaole  over  another  capsule  full  of  conoen-  tates  the  lime  that  was  held  in  solution  by  the 

tnited  sulphuric  add,  under  the  recover  of  phosphoric  add.     Hie  fluid  being  then  eva- 

an  air-pump,  from  which  we  exhaust  the  air.  porated,  afibrdsaorystallixed  ammoniacal  salt, 

The  add  thus  formed  is  a  visdd  liquid,  which  may  be  melted  in  a  sUver  vessel,  as  the 
vrttbout  colour,  having  a  faint  smell  of  pbos-  add  acts  upon  glass  or  earthen  vessels.  The 
pboms^  a  strong  taste^  reddening  strongly  the  ammonia  is  driven  off  by  the  heat,  and  the 
tincture  of  litmus,  and  denser  than  water  in  add  acquires  the  form  of  a  compact  glass,  aa 
a  proportion  not  well  determined.  Every  transparent  as  rock-crystal,  acid  to  the  taste^ 
thing  leads  to  the  belief  that  this  add  would  soluble  in  water,  and  deliquescent  in  the  air. 
be  solid,  oould  we  deprive  it  of  water.  When  This  add  is  commonly  pure,  but  neverthe- 
it  is  heated  in  a  retort,  phospburetted  hydrogen  less  may  contain  a  small  quantity  of  soda, 
gas  is  evolved,  and  phosphoric  acid  remains,  originally  existing  in  the  bones,  and  not  ca- 
Hie  oxygen  and  hydrogen  of  the  water  concur  pable  of  bdng  taken  away  by  this  process,  in- 
to tfab  transformation.  Fhosphatic  add  has  genious  as  it  is.  The  only  unequivocal  mo- 
no action,  either  on  oxygen  gas,  or  on  the  at-  thod  of  obtaining  a  pure  add  appeiira  to  con- 
moepheric  air  at  ordinary  temperatures.  In  sist  in  first  converting  it  into  phosphorus  by 
combining  with  water,  a  slight  degree  of  heat  distillation  of  the  maffriah  with  duurcoal,  and 

then  converting  this  again  into  add  by  rapid 


From  the  experiments  of  M.  Thenard,  this  combustion,  at  a  high  temperature,  dther  in 

add  seems  to  consist  (exclusive  of  water)  oxygen  or  atmospheric  air,  or  some  other 

of  100  phosphorus  united  to  about  110  oxy-  equivalent  process, 
gen.  Phosphorus  may  also  be  converted  tnto* 

M.  Dulong  has  shown,  that  the  phosphatic  the  acid  state  by  treating  it  with  nitric  add. 

add,  in  its  action  on  the  salifiable  bases,  is  In  this  operation,  a  tubulated  retort  with  a 

transfbrmed  into  pbospbonis  and  phosphoric  ground-stopper  must  be  half-filled  with  nitric 

adds,  whence  proceed  phosphites  and  pbos-  add,  and  a  gentle  heat  .applied.     A  small 

phatea.  piece  of  phosphorus  bdng  then  introduced* 

These  proportions  agree  nearly  with  two  through  the  tube,  will  be  dissolved  with  ef- 
primeaof  phosphorus^ (2 X'^)^dX  9  of  fervescence,  produced  by  the  escape  of  a 
oxygen  ss  9.  large  quantity  of  nitric  oxideu  The  addition 
ACID(PHOSPHORIC).  Bonesofbee^  of  phosphorus  must  be  continued  until  the 
mnttoo,  or  veal,  bdng  caldned  to  whiteness  in  last  piece  remains  undisscdved.  The  fire  be- 
an open  fire^  lose  almost  half  of  their  weight,  ing  then  raised  to  drive  over  the  remainder  of 
Tlwae  must  be  poundbd,  and  sifted ;  or  tbe  the  nitric  add,  tbe  phosphoric  add  will  be 
trDablemaybespared,by  buying  the  powder  found  in  the  retort,  partly  in  the  concrete 
that  is  sold  to  make  cupels  for  the  aasayers,  and  partly  in  the  liquid  form. 
and  is,  in  fiict,  the  powder  of  burned  bones  When  phosphorus  is  burned  by  a  strong 
ready  aifted.  To  three  pounds  of  the  powder  heat,  suffident  to  cause  it  to  fiame  rapidly,  it 
there  may  be  added  about  two  pounds  of  con-  is  almost  perfectly  converted  into  dry  add, 
centnted  sulphuric  add.  Four  or  five  pounds  some  of  which  is  thrown  up  by  the  force  of 
of  water  must  be  also  added  to  assist  the  action  the  combustion,  and  the  rest  remains  upon 
of  the  add.     Tbe  whole  may  be  then  left  on  the  supporter. 

a  gentle  sand  heat  for  two  or  three  days,  tak^         This  substance  has  also  been  addified  by 

ing  care  to  supply  tbe  km  of  water  which  hap-  the  direct  application  of  oxygen  gas  passed 
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through  hot  wataf,  in  which  the  phoBphoroB  other  at  ad  elefated  tenpmttiin,  a  Kcptid' 

was  liquefied  or  fused.  called  pfrolochloride  of  phoaphorua  is  formed. 

Ibe  general  characters  of  phosphoric  .acid  Water  added  to  this,  resolves  it  into  muiiatic 
are»— -1.  It  is  soluble  in  water  in  all  propor-  and  phosphorous  acids.  A  noderste  heat 
tions,  producing  a  specific  ^Tity  which  in-  suffices  to  expel  the  former,  and  the  latter  re- 
creases  as  the  quantity  of  acid  is  greater,  but  mains  associated  with  water.  It  has  a  Teiy 
does  not  exceed  2.687,  which  is  that  of  the  sour  taste,  reddens  vegeCsble  blues,  and  neu- 
gladal  add.  2,  It  produces  heat  when  mixed  tralixes  bases.  When  heated  strongly  in  open 
with  water,  though  not  very  considerable.  S.  vessels,  it  inflames.  Phoephurettad  hydrogen 
It  has  no  smell  when  pure^  and  its  taste  is  flics  off,  and  phosphoric  add  remains.  Tan 
sour,  but  not  ooirosiveb  4b  When  perfectly  parts  of  it  heated  in  close  vessels,  give  off  one- 
dry,  it  sublimes  in  close  vessels ;  but  loses  this  half  of  a  phosphuretted  hydrogen,  and  leave 
property  by  the  addition  of  water ;  in  which  8(  of  phosphoric  add.  Hence  the  liquid 
drcnmstonce  it  greatly  differs  from  the  boradc  add  consisto  of  80.7  add  -)-  19.3  vrater.  See 
acid,  which  is  fixed  when  dry,  but  rises  by  FBOs.  Hydboobn. 

the  help  of  water.   5.  When  considerably  di-  ACID(HYPOPHOSPHOROUS),hte. 

luted  with  water,  and  evaporated,  the  aqueous  ]y  discovered  by  M.  Dulong.     Pour  water 

vapour  carries  up  a  small  portion  of  the  add.  on  the  phosphuret  of  baryta,  and  wait  till  all 

6.  With  charcoal  or  inflammable  matter,  in  a  the  phosphuretted  hydrogen  be  disengaged, 

strong  heat,  it  loses  its  oxygen,  and  becomes  Add  cautiously  to  the  filtered  liquid  dilute 

converted  into  phosphorus.  sulphuric  add,  till  the  baryta  be  all  predpi- 

Fhosphoric  acid  is  difiicult  of  crystallizing,  tated  in  the  state  of  sulphirte.     The  superne^ 

Though  phosphoric  acid  is  scarcely  oorro-  tant  liquid  is  hypophosphorous  acid,  which 

sive»  yet,  when  concentrated,  it  acts  upon  oils,  should  be  passed  through  a  filter.     This  li- 

which  it  discoloun  and  at  length  blackens,  quid  may  be  concentrated  by  evaporation,  till 

producing  heat,  and  a  strong  smell  like  that  it  becomes  visdd.     It  has  a  very  sour  taste^ 

of  ether  and  oil  of  turpentine ;  but  does  not '  reddens  vegetable  blues,  and  does  not  crys- 

form  a  true  add  soap.     It  has  most  effect  on  tallize.     Dulong  assigns  100  phosphorus  t<^ 

essential  oils,  less  on  drying  oils,  and  least  37.44  oxygen,  which  gives  the  proportion  of 

of  all  on  £Eit  oils.  1  atom  phosphorus  4.0-^  If  oxygen  1.6  es 

Ordinary  phoaphoric  add  forms  with  oxide  &6  for  the  add  prime  equivalent.     The  hy- 

of  silver  a  yellow  phoaphate,  but  if  the  add  is  pophosphites  have  the  remarkable  property  of 

previously  subjected  to  ignition;  the  silver  being  all  soluble  in  water;  while  many  of 

compound  is  whitei    Mr  Clark  had  previoua-  the  phosphates  and  phosphites  are  insduble. 

ly  shown,  that  common  phosphate  of  soda,  According  to  M.  Rose,  the  hypophosphitea 

which  predpitates  nitrate  of  silver  yellow,  is  of  lime,  baryta,  and  ttrontia,  may  be  prepar- 

changed  by  heat  into  what  he  calls  a  pyro-  ed  by  boiling  the  earths  with  phosphorus  and 

phosphate^  which  predpitates  nitrate  of  silver  vrater.     In  preparing  that  of  lime,  the  pboa^ 

white.  phorus  should  not  be  added  before  the  milk 

The  experiments  of  Benelius  show  it  to  of  lime  boils ;  and  the  operation  should  be 
be  a  compound  of  about  100  phosphorus  -}"  continued  till  all  the  phosphorus  has  disap- 
128  oxygen.  M.  Dulong,*  in  an  elaborate  peered,  and  the  peculiar  smell  has  ceased, 
paper  published  in  the  third  volume  of  the  Carbonic  add  is  then  to  be  passed  through 
Memoires  D*  Arcueil,  gives,  as  the  result  of  to  separate  the  excess  of  caustic  lime,  the  in- 
diversified  experiments,  nearly  the  proportions  soluble  parts  separated  by  the  filter,  and  the 
of  100  phosphorus  to  123  oxygen;  or  of  5  solution  evaporated  under  the  air-pump,  or 
oxygen  -f-  4  phosphorus  =s  9,  for  the  add  in  close  vessels  by  beat.  It  then  cryatalliaea 
equivalent  with  more  or  less  water,  according  to  drcum- 

M.  Dumas,  in  an  elaborate  memoir  on  Phoa-  stances,  those  obtained  by  heat  having  the 

phuretted  Hydrogen  (Annales  de  Chim,  et  de  least 

jPftyi.  xxxi.},  endeavoun  to  show  that  phos-  The  hypophosphites  of  baryta  and  strontie 

phone  add  consists  of  1  atom  of  phosphorus  may  be  prepared  in  the  same  way,  and  have 

4.0  -|-  5  atoms  of  oxygen  5  =s  9 ;  while  the  same  general  properties.     These  earthy 

phosphorous  add  consists  of  1  atom  of  phos-  salts  are  insoluble  in  alcohol, 

phorus  4  -|-  3  atoms  of  oxygen  3  s=  7.    See  The  alkattne  hypophosphites  may  be  made 

Fho8PHURI£TTBD  Hyobogen,  and  General  dther  directly,  or  by  mixing  hypophosphite 

Table  of  Gases.  of  lime  with  excess  of  the  alkaline  carbcmate^ 

If  phosphoric  add  be  made  9,  then  in  the  filtering,  evaporating  to  dryness,  and  digeat- 

phosphates  of  soda,  baryta,  and  lead,  we  must  ing  in  alcohol,  by  which  the  alkaline  hypc^oa- 

admit  2  atoms  of  base ;  thus  giving  them  the  phitcs  are  dissolved.     The  potash  salt  is  the 

characters  of  subsalts,  whicb  that  of  soda  ma^  most  deliquescent  salt  known  to  M.  Rose ; 

niftstly  possesses.  the  soda  salt  is  less  so,  crfBtallliing  in  ree- 

ACID  (PHOSPHOROUS)  was  disco-  tanguiar  prisms, 

vered  in  1812  by  Sir  H.  Davy.    When  phos-  AH  the  hypophosphites  are  soluble  in  wa^ 

phorus  and  corrosive  sublimate  act  on  each  ter.     The  hypophosphonNis  add  was  obtain- 


ACID  87  HYPOPHOSPHOROU& 

ed  pure,  and  in  qiunthj»  by  boiling  tlw  bf-  alon«  or  combined  with  pbotpbate  of  soda. 

dnite  of  baryta  with  water  and  phoephanis  The  htmt  haruhom  of  the  shops  is  a  pboft-  * 

till  all  garlic  odour  ceased ;  filtering  the  U-  phate  of  lime. 

quid*  and  decomposing  it  by  sulphuric  add  An  acidulous  phosphate  of  lune  is  found  in 
in  excess ;  separating  the  precipitate^  and  di-  human  urine,  and  may  be  crystallised  in  small 
geating  the  dear  fluid  ibr  a  short  time  with  silky  filaments,  or  shining  scales,  which  unite 
an  escess  of  oxide  of  lead  j  then  filtering  the  together  into  something  Uke  the  consutenoe  of 
atilpbate  of  lead  from  the  solution  of  hypo-  honey,  and  have  a  perceptibly  add  taste.  It 
phosphite^  and  decomposing  the  latter  by  a  may  be  prepared  by  partially  decompodng  the 
carrent  of  sulphuretted  hydrpgen.  The  acid  calcareous  phosphate  of  bones  by  the  sulphu- 
freed  from  the  suiphuret  of  lead,  may  be  oo»*  ric,  nitric,  or  muriatic  add,  or  by  dissolTing. 
centrated  until  strong  enough  to  form  the  that  phosphate  in  phosphoric  add.  It  is  so- 
required  salts.  luble  in  water,  and  crystallisable.     Exposed 

With  legaid  to  the  phosphates  and  phoa*  to  the  action  of  heat,  it  softens,  liquefies, 

phites,  we  have  many  discrepandes  in  our  swells  up,  becomes  dry,  and  may  be  fused 

latest  publications.     Sir  H.  Davy  says,  in  his  into  a  transparent  glass,  which  is  insipid,  in^ 

last  memoir  on  some  of  the  combinations  of  soluble,  and  unalterable  in  the  air.    In  these 

phosphorus,  that  "  new  researches  are  requir-  characters  it  differs  from  the  glacial  add  of 

ed  to  explain  the  anomalies  presented  by  the  phoephorus.     It  is  partly  decomposable  by 

phosphates.**  charcoal,  so  as  to  afford  phosphorus. 

Phosphoric  add»  united  with  baryta,  pro-         By  pouring  phosphate  of  soda  into  muriate 

daees  an  insoluble  salt,  in  the  form  of  a  heavy  of  lime^  Beneliosobtaineda  phosphateof  linw, 

white  powder,  fusible  at  a  high  temperature  consisting  of  add  100,  lime  84w53l     Hm 

into  a  grey  enameL     The  best  mode  of  pre*  theoretic  proportions  are^ 
paring  it  is,  by  adding  an  alkaline  phosphate  Phosphoric  add  ss  9  as  100 

to  the  nitrate  or  muriate  of  baryta.  Lime    3.5  X  ^ss  7  sss   76  nearly. 

By  mixing  phosphate  of  ammonia  with         Phosphate  of  potash  is  very  deliquescent, 

nitrate  of  bsryta,  Benelius  found  that  68.2  and  not  crystallisable^  but  condensing  into  a 

parta  of  baryta  and  31.8  of  phosphorus  com-  kind  of  jelly.     Like  the  preceding  spedes^ 

posed  100  of  the  phosphate.     Hence  it  is  a  it  first  undergoes  the  aqueous  fusion,  swells^ 

eohphoqihate^  and  consists  of,  dries,  and  may  be  fused  into  a  glass;  but  this 

Pboaphoricadd  latom^   9.0    68^48  glass  deliquesces.     It  has  a  sweetish  saline 

Baryta  9  ^  19.6   31.58  taste.     Phosphate  of  soda  is  now  commonly 

HI  prepared  by  adding  to  the  addulous  phosphate 

100.0  of  lime  as  much  carbonate  of  soda  in  solution 

He  made  a  phosphate  by  dissolving  the  above  as  will  fully  saturate  the  add.    The  carbonate 

in  ^ute  phosphoric  add^  and  evaporating,  of  lime  which  predpitates  bang  separated  by 

when  crystals  were  obtained  composed,  in  100  filtration,  the  liquid  is  duly  evaporated  so  as 

parte,  of  add  48.64^  baryta  46.46,  water  11.  to  crystallise  the  phosphate  of  soda;  but  if 

But  by  theory  we  have,  there  be  not  a  slight  excess  of  alkali,  the  cry»> 

Add,   2  atoms    18        42.857)  tals  will  not  be  large  and  reguUff.    Thecrya- 

Baae,    2  19.5    46.430  (  100.000  tals  are  rhomboidal  prisms  of  difi*erent  shapes, 

Water,  4  4.5     10.713  >  efflorescent,  soluble  in  three  parts  of  cokl  and 

By  pouring  a  solution  of  the  preceding  salt  1^  of  hot  water.     Tbey  are  capable  of  being 

into  alcohol,  a  sesquiphosphate  is  obtained,  in  fused  into  an  opaque  white  glass,  which  may 

the  form  of  a  %ht  white  powder,  containing  be  again  dissolved  and  crysteUiaed.     It  may 

1^  times  as  much  add  as  the  subpbosphate.  be  converted  into  an  adduloua  phosphate  by 

Hie  phosphate  of  strontia  differs  from  the  an  addition  of  add,  or  by  dther  of  the  strong 
preoediiig^  in  bdng  soluble  in  an  excess  of  its  adds,  which  partially,  but  not  wholly,  de- 
acid,  compose  it.     As  its  taste  is  simply  saline^ 

Fboephate  of  lime  is  very  abundant  in  the  without  any  thing  disagreeable,  it  is  much 

native  state.    See  Apatite.    It  likewise  con^  used  as  a  purgative,  chiefly  in  broth,  in  which 

atitutes  the  chief  part  of  the  bones  of  all  am-  it  is  not  distinguishable  from  common  salt 

malsb  For  this  el^^ant  addition  to  our  pharmaoeo- 

Phosphate  of  lime  is  very  difficult  to  fuse^  •  tical  preparatioos,  we  are  indebted  to  Dr 

but  in  a  glsashonse  furnace  it  softens,  and  Pearson.     In  assays  with  the  blowpipe  it  is 

acquires  the  semitransparency  and  grain  of  of  great  utility ;  and  it  has  been  used  instead 

porvdain.    It  is  insoluble  in  water,  but  when  of  borax  for  soldering. 
weD  caldned,  forms  a  kind  of  paste  with  it^  as         In  crystals,  this  salt  is  composed,  according 

in  making  cupels.     Besides  this  use  of  it,  it  to  Berselius,  of  phosphoric  add  20.33,  soda 

la  employed  Ibr  polishing  gems  and  metals,  17.67,  water  62.00 ;  and  in  the  dry  state,  of 

for  absorbinggreasefrom  cloth,  linen,  or  paper,  add  53*48^  soda  46.52.    If  it  be  represented 

and  Ibr  preparing  phosphorus.  In  medidne  it  by  1  atom  of  add  =s  9 -|- 2  atoms  soda  ar  8, 

baa  been  strongly  recommended  against  the  then  100  of  the  dry  salt  will  consist  of  add  53, 

rickets  by  Dr  Bonhorame  of  Avignon,  dther  base  47 ;  and,  in  the  crystallised  states  o^— 
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the  iolubflitjr  of  the  phoaphate  of  ammoiiia, 
tbii  triple  salt  is  far  las  soluble  than  the  phos- 
phate of  magnfwa.     It  is  partially  deoompo- 

— ^»  sable  into  phosphorus  by  charcoal,  in  conso- 

100.0  quenoe  of  its  ammonia, 

which  presents  a  good  accordance  witii  the  The  phosphate  of  glucina  has  been  ezamin- 

eiperimental  results  of  Bercelius.  ed  by  Vauqudin,  who  informs  us,  that  it  is  a 

I  must  here  notice  the  curious  observations  white  powder,  or  mucilaginous  mass,  without 

of  Mr  Thomas  Clark  on  this  salt    He  iiods,  any  perceptible  taste;  fusible,  but  not  decom- 

that  when  phosphate  of  soda  is  ignited,  it  ac-  poaable  by  heat ;  unalterable  in  the  air,  and 

quires  peculiar  properties,  though  its  oompo-  insoluble  unless  in  an  excess  of  its  add. 

sition  is  unchanged.      It  then  precipitates  It  has  been  observed,  that  the  phosphoric 

nitrate  of  silver  from  its  watery  solution,  not  add,  aided  by  heat,  acts  upon  silex ;  and  we 

yeUow,  but  white ;  and  fumiriies  a  supema-  may  add,  that  it  entera  into  many  artificial 

tant  liquid,  not  addulous,  as  with  the  com-  gems  in  the  state  of  a  siliceous  phosphate, 

mon  phosphate,  but  neutraL     To  this  modi-  See  Salt. 

fication  of  the  salt  he  gives  the  name  of  ;;>yro-  ACID  (PINIC).     In  the  colophony  of 

phosphate  of  soda.     He  considers  the  phos-  F^nnce  (rosin),  derived  in  all  probability  from 

phate  of  soda  to  contain,  in  its  crystallized  the  pitau  maritima  or  pmatieTf  M.  Baup  has 

state,  25  atoms  of  water ;  of  whidi  24  are  found  a  substance  which  crystallises  in  trian? 

separable  by  a  sand  bath  heat^  and  the  25th  gular  plates,  soluble  in  about  four  parts  of 

by  a  red  heat.    In  losing  this  one  proportion  aloohoJ,  but  insoluble  in  water.    It  reacts  like 

of  water,  phosphate  of  soda  becomes  pyro-  an  add,  and  neutralises  alkaline  matter.    He 

phosphate.     He  finds  arseniate  of  soda  to  calls  it  Pinic  acid.— ^unaiies  de  Chinu  et  de 

resemble  it  in  containing  25  prime  propor-  Phys*  xxzL 

tions-  of  water,  the  last  one  of  which  is  sep»-  Pinic  add  has  been  found,  by  M.  Unver- 

rsble  only  at  a  red  beat.     Hiis  is  in  accord-  dort>en,  to  be  a  constituent  of  Venice  turpeiw 

anoe  with  M.  Mitscherlich's  views  of  the  tine. 

isomorphism  and  analogous  constitution  of  When  Venice  turpentine  has  been  distilled 

the  arseniates  and  phosplmtes.  The  arseniates  with  20  parts  of  water,  till  half  the  water  has 


of  soda,  howev<7,  acquire  no  new  property  passed  over,  and  this  operation  has  been 

by  ignition.  peated  severs!  times,  a  semi-visdd  mixture  of 

The  phosphate  of  ammonia  crystalUses  in  resin  with  oils  is  left  in  the  retort.  Hiis  dis- 
prisms  with  four  regular  sides,  terminating  solved  in  alcohol  of  65  per  cent,  gives  a  green 
in  pyramids,  and  sometimes  in  bundles  of  predpitate,  with  an  alcoholic  solution  of  aoe- 
small  needles.  Its  taste  is  cool,  saline,  pun-  tate  of  copper.  This  predpitate  is  pinate  of 
gent,  and  urinous.  On  the  fire  it  comports  copper,  which  being  washed  on  a  filter  with 
itself  like  the  preceding  spedes,  except  that  alcohol,  and  then  delved  in  alcohol  with  a 
the  whole  of  its  base  may  be  driven  off  by  a  little  muriatic  add,  may  have  the  pinic  add 
continuance  of  the  heat,  leaving  only  the  add  predpitated  by  water,  as  a  white,  resinous, 
behind.  It  is  but  little  more  soluble  in  hot  and  transparent  substance.  Being  then 
water  than  in  cold,  which  takes  up  a  fourth  washed  with  boiHng  water,  the  alcohol  is  ro- 
of its  weight.  It  is  pretty  abundant  in  hn-  moved,  and  it  becomes  a  solid,  inodorous, 
man  urine.  It  is  an  excellent  flux  both  for  and  almost  insipid  body. 
assays  and  the  blowpipe,  and  in  the  firf>rica-  The  pinates  of  potash  and  soda  are  obtain- 
tion  of  coloured  ghus  and  artifidal  gems.  ed  by  slowly  boiling  an  ethereal  solution  of 

Phosphate  of  magnesia  crystallizes  in  irre-  pinic  add,  for  a  few  minutes,  with  the  alka- 
gular  hexaiidral  prisms,  obliquely  truncated ;  line  carbonates,  filtering  and  evaporating  the 
but  is  commonly  pulverulent,  as  it  effloresces  solutions;  the  residuum  is  the  alkaline  pinate^ 
very  quickly.  It  requires  fifty  parts  of  water  a  resinous,  colourless  mass,  which  dissolves 
to  dissolve  it  Its  taste  is  cool  and  sweetish,  completely  in  boiling  water.  The  pinate  of 
TUs  salt  too  is  found  in  urine.  Fourcroy  and  potash  is  predpiut«i  from  its  concentrated 
Vauquelin  have  discovered  it  likewise  in  small  solution,  not  only  by  an  excess  of  potash  or 
quantity  in  the  bones  of  various  animals,  soda,  but  also  by  neutral  salts,  as  sulphate  of 
though  not  in  those  of  man.  Hie  best  wayof  soda,  muriate  of  soda,  acetate  of  potash,  &c. 
preparing  it  is  by  mixing  equal  parts  of  the  The  pinates  of  baryta,  alumina,  man- 
solutions  of  phosphate  of  soda  and  sulphate  of  ganese,  and  zinc,  are  insoluble  in  alcohd, 
magnesia,  and  leaving  them  some  time  at  rest,  very  soluble  in  ether,  and  resemble  earthy 
wh«:i  the  phosphate  of  magnesia  will  crystal-  bodies, 
lize,  and  leave  the  sulphate  of  soda  dissolved.         According  to  M.  Unveidoriien,  the  pinic 

Anammonia^magnesianphosphatehasbeen  add  should  be  placed  immediately  after  the 

discovered  in  an  intestinal  calculus  of  a  horse  benzoic. 

by  Fourcroy,  and  since  by  Bartholdi,  and  like-         ACID  (PURPURIC).    The  excrements 

wise  by  the  fi»rmer  in  some  human  urinary  of  the  serpent  Boa  ConUrictor  consist  of  pure 

calculi.     See  Caixjulus.      Notwithstandrog  lithic  add.    Dr  Prout  found,  that  on  digest- 
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ing  tiiU  snbstuioe  thus  obtaiiied,  or  IWxm  uri- 
nary calcoliy  in  dilute  nitric  acid,  an  e^^ 
feacencc  takes  place,  and  the  lithic  acid  is 
^asolTed,  fbnning  a  beautiful  purple  liquid. 
The  excess  of  uitric  acid  being  neutralized 
with  ammonia,  and  the  whole  concentrated 
bj  slow  evaporation,  the  colour  of  the  solu- 
tion becomes  of  a  deeper  purple ;  and  dark 
icd  granular  crystals,  sometimes  of  a  green- 
idi  hue  externally,  soon  begin  to  separate  in 
abundance.     Hiese  crystals  are  a  compound 
of  f"W"«nM^  with  the  add  principle  in  ques- 
tion.   The  ammonia  was  displaced  by  digest- 
ing the  salt  in  a  solution  of  caustic  potash, 
tili  the  red  colour  entirely  disappeared.    This 
alkaline  solution  was  then  gradually  dropped 
into  dilute  sulphuric  acid,  which,  uniting  with 
the  poixsh,  left  the  acid  principle  in  a  state  of 

purity. 

Tlus  acid  principle  is  likewise  produced 
from  lithic  add  by  chlorine,  and  also,  but 
with  more  difficulty,  by  iodine.  Dr  Front, 
the  discoverer  of  this  new  add,  has,  at  the 
suggestion  of  Dr  Wollaston,  called  it  pur- 
puric add,  because  its  saline  compounds  have 
for  the  most  part  a  red  or  purple  colour. 

Hiis  acid,  as  obtained  by  the  preceding 
process,  usually  exists  in  the  form  of -a  very 
fine  powder,  of  a  sUghUy  yellowish  or  cream 
colour ;  and  when  examined  with  a  magnifier, 
especially  under  water,  appears  to  possess  a 
pearly  lustre.  It  has  no  smell,  nor  taste.  Its 
wp.  giaT.  is  considerably  above  water.  It  is 
acaicdy  soluble  in  water.*  One-tenth  of  a 
giain,  boiled  for  a  considerable  time  in  1000 
grains  of  water,  was  not  entirely  dissolved. 
The  water,  however,  assumed  a  purple  tint, 
probably,  Dr  Fkout  thinks,  from  the  forma- 
tion of  a  litlle  purpurate  of  ammonia.  Pur- 
puric arid  is  insoluble  in  alcohol  and  ether. 
Tbe  mineral  adds  dissolve  it  only  when  they 
are  concentrated.  It  does  not  affect  litmus 
paper.  By  igniting  it  in  contact  with  oxide 
of  copper,  be  determined  its  composition  to  be, 
2  atoms  hydrogen,  0.250  -  4.54 
2  carbon,       1.500      -      27.27 

2  oxygen,     2.000      -      36.36 

1  asote,         1.750      -      31.81 

5.50  99.98 

Purpuric  add  combines  with  the  alkalis,  al- 
kaline earths,  and  metallic  oxides.  It  is  ca- 
pable of  expelling  carbonic  add  from  the 
alkaline  carbonates  by  the  assistance  of  hoit, 
and  does  not  combine  with  any  other  add. 
Hiese  are  circumstances  suffident,  as  Dr 
WoUaston  observed,  to  distinguish  it  from 
an  oxide,  and  to  establish  its  character  as  an 


PuTfmraie  of  ammonia  crystallizes  in  qua- 
dnngular  prisms,  of  a  deep  garnet-red  colour. 
It  b  soluble  in  1500  parts  of  water  at  60<>,  and 
in  much  leas  at  the  boiling  temperature.  The 
solution  is  of  a  beautiful  deep  carmine,  or  rose- 
red  colour.     It  has  a  slightly  sweetish  taste, 


but  no  imdL     Purpurate  of  potash  is  much 
more  soluble ;  that  of  soda  is  less;  that  of 
lime  is  nearly  insoluble;  those  of  strontia 
and  lime  are  slightly  soluble.     All  the  solu- 
tions have  the  characteristic  colour.     Pur-^ 
purate  of  magnesia  is  Tery  soluble ;  and  in 
solution,  of  a  very  beautiful  colour.     A  so- 
lution of  acetate  of  zinc  produces,  with  pur- 
purate of  ammonia,  a  solution  and  predpitate 
of  a  beautiful  gold-yellow  colour ;  and  a  most 
brilliant  iridescent  pellide,  in  which  green  and 
yellow  predominate,  forms  on  the  sur&ce  of 
the  solution.     Dr  Front  concdves  tbe  salts 
to  be  anhydrous,  or  void  of  water,  and  com- 
posed of  two  atoms  of  add  and  one  of  base. 
The  purpuric  add  and  its  compounds  pro- 
bably  constitute  the  bases  of  many  animal 
and  vegetable  colours.    Hie  well  known  pink 
sediment  which  generally  appears  in  the  urine 
of  those  labouring  under  febrile  affections, 
appears  to  owe  its  colour  chiefly  to  the  pur- 
purate of  ammonia,  and  perhaps  occasionally 
to  the  purpurate  of  soda. 

The  solution  of  lithic  add  in  nitric  add 
stains  the  skin  of  a  permanent  colour,  which 
becomes  of  a  deep  purple  on  exposure  to  the 
sun.  These  apparently  sound  experimental 
deductions  of  Dr  Front  have  been  called  in 
question  by  M.  Vauquelin;  but  Dr  IVout 
ascribes  M.  Vauquelin*s  failure  in  attempt- 
ing to*  procure  purpuric  acid,  to  his  having 
operated  on  an  impure  lithic  add.  I  think 
entire  confidence  may  be  put  in  Dr  Front's 
experiments.  He  says  that  it  is  difficult  to 
obtain  purpuric  add  from  the  lithic  add  of 
urinary  concretions.— FAt^  Trans,  for  1818^ 
and  AnnaU  of  PkiL  vol.  xiv. 

ACID  (PYROCITRIC).  When  citric 
add  is  put  to  distil  in  a  retort,  it  b^ns  at 
first  by  melting ;  the  water  of  crystallization 
separates  almost  entirely  from  it  by  a  continu- 
ance of  the  fusion ;  then  it  assumes  a  yellow- 
ish  tint,  which  gradually  deepens.  At  the 
same  time  there  is  disengaged  a  white  vapour, 
which  goes  over  to  be  condensed  in  the  ra- 
cdver.  Towards  the  end  of  the  caldnation 
a  brownish  vapour  is  seen  to  form,  and  there 
remains  in  the  bottom  of  the  retort  a  light 
yery  brilliant  charcoal. 

The  product  contdned  in  the  recdver  con- 
sists of  two  different  liquids.  One,  of  an 
amber-yellow  colour,  and  an  oily  aspect,  oc- 
cupies the  lower  part;  another,  colourless 
and  liquid  4ike  water,  of  a  very  dedded  add 
taste,  floats  above.  After  separating  them 
from  one  another,  we  percdve  that  fiie  first 
has  a  very  strong  bituminous  odour,  and  an 
add  and  acrid  taste ;  that  it  reddens  power- 
fully the  tincture  of  litmus,  but  that  it  may 
be  deprived  almost  entirely  of  that  acidity  by 
agitation  with  water,  in  which  it  divides  itself 
into  globules,  which  soon  fall  to  the  bottom 
of  the  vessel,  and  are  not  long  in  uniting  into 
one  mass,  in  the  manner  of  dls  hearier  than 
virater. 


ACID  90  PYROCITRIC 


In  this  stale  it  posscsMs  some  of  the  pnv  don  Ibrm.     Iliis  salt  has  a  sharp  taste.     It 

perties  of  these  substances;  it  is  soluble  in  dissolfes  in  85  parts  of  water  at  SKP  Fahr. 

alcohol,  ether,  and  the  caustic  alkalis.     How-  It  contains  30  per  cent  of  water  of  aystaUi^ 

ever,  it  does  not  long  continue  thus ;  it  be-  cation,  and  is  composed,  in  its  dry  ttate,  of 
comes  add,  and  sometimes  even  it  is  obsenr-  Fyrocitric  add,  34 

ed  to  deposit,  at  the  end  of  some  days,  white  lime,  66 

crystals,  which  haTe  a  very  strong  addity :  if        The  solution  of  the  pyrodtric  add  satura- 

we  then  agitate  it  anew  with  water,  it  di»-  ted  with  baryta  water,  lets  fall,  at  the  end  of 

solves  in  a  great  measure,  and  abandons  a  some  hours,  a  very  white  crystalline  powder, 

yellow  or  brownish  pitchy  matter,  of  a  very  which  is  pyrodtrate  of  baryta.     This  salt  ia 

obvious  empyreumatic  smell,  and  which  has  soluble  in  150  parts  of  cold  water,  and  in  50 

much  analogy  yriih  the  oil  obtained  in  the  of  boiling  water.     Two  grammes  of  this  salt, 

distillation  of  other  v^^etable  matters.     The  decomposed  by  sulphuric  add,  furnished  1.7 

same  effect  takes  place  when  we  keep  it  under  of  sulphate  of  baryta,  which  gives  fiir  its  ooa^ 

water ;  it  diminishes  gradually  in  volume,  the  position, 

water  acquires  a  sour  taste,  and  a  thick  oil  I^^rodtric  add,        43.9 

remains  at  the  bottom  of  the  vessel  Baryta,  56. 1 

Hiis  liquid  may  be  regarded  as  a  oombina>         Hie  pyrodtrate  of  lead  is  easily  obtained 

tion  (of  little  permanence  indeed)  of  the  pe-  by  pouring  pyrodtrate  of  potash  into  a  solu« 

culiar  add  with  the  oil  farmed  in  similar  dr-  tion  of  acetate  of  lead.     The  pyrodtrate  of 

cumstances.  lead  presents  itself  under  the  form  of  a  white 

As  to  the  liquid  and  colourless  portion  gelatinous  semitransparent  mass,  which  be- 

which  floated  over  this  oil,  it  was  ascertained  comes  dry  in  the  air,  shrinking  like  gelatinous 

to  contain  no  dtric  acid  carrigd  over,  nor  alumina,  to  which,  in  its  physical  characters^ 

acetic  add ;  first,  because  on  saturating  it  it  has  much  analogy.     It  contains  8  per  cent 

with  carbonate  of  lime,  a  soluble  calcareous  of  water,  and  is  formed  of 
salt  was  obtained ;  and,  secondly,  because  this  Pyrodtric  add,        33.4 

salt,  treated  with  sulphuric  add,  evcdved  no  Protoxide  of  lead,    66.6 

odour  of  acetic  add.  Knowing  the  composition  of  pyrodtrate  of 

fVom  this  calcareous  salt  the  lime  was  se-  lead,  it  was  employed,  by  ignition  with  oxide 

parated  by  oxalic  add ;  or  the  salt  itself  was  of  copper,  to  determine  that  of  the  add  itself, 

decomposed  with  acetate  of  lead,  and  the  pre-  which  is  stated  as  bdng 
dpitate  treated  with  sulphuretted  hydrogen.  Cari)on,  47.5 

By  these  two  processes,  this  new  add  was  Oxygen, '  43^5 

separated  in  a  state  of  purity.  Hydrogen,  9.0 

Propertiet  of  the  pyrodtric  acid.— Tliis  ....^ 
add  is  white,  inodorous,  of  a  strongly  add  100.0 
taste.  It  is  difficult  to  make  it  .crystellixe  in  The  proportion  of  the  elements  of  this  add 
a  regular  manner,  but  it  is  usually  presented  is  very  different  then  from  that  which  MM. 
in  a  white  mass,  formed  by  the  interlacement  Gray  Lussac,  Thenard,  and  Berzelius,  have 
<if  very  fine  small  needles.  Projected  on  a  found  for  dtric  add.  "  But  what  is  remark- 
hot  body  it  melts,  is  converted  into  white  very  able,  says  M.  Lassaigne^  its  capacity  for  satu- 
pungent  vapours,  and  leaves  some  traces  of  ration  is  nearly  the  same  as  that  of  dtric  add, 
carbon.  When  heated  in  a  retort,  it  affords  as  we  may  see  by  casting  our  eyes  on  the 
an  oily-looking  add,  and  yellowish  liquid,  analyses  of  the  pyrodtrates  of  lime^  baryta, 
and  is  partially  decomposed.  It  is  very  solu-  and  lead,  which  we  have  given,  and  which  we 
ble  in  water  and  in  alcohol ;  water  at  the  have  convinced  ourselves  of  by  frequent  veri- 
temperature  of  10^  C.  (50°  F.)  dissolves  one-  fication.  Nevertheless,  in  the  combination  of 
third  of  its  weight  The  watery  solution  has  this  new  add,  the  ratio  of  the  oxygen  of  the 
a  strongly  add  taste ;  it  does  not  predpitate  oxide  to  the  oxy{(en  of  the  add  is  in  a  dif- 
lime  or  baryta  water,  nor  the  greater  part  of  ferent  proportion  from  that  admitted  for  the 
metallic  solutions,  with  the  exception  of  ace-  neutral  dtrates :  we  observe^  that  in  the  py- 
tate  of  leadandprotonitrateof  mercury.  With  rocitrates  the  oxygen  of  the  base  is  to  that  of 
the  oxides  it  forms  salts  possessing  properties  the  add  as  I  to  3.07;  whilst  in  the  dtratea 
difierent  from  the  dtrstes.  it  is  as  1  to  4^916." 

The  pyrodtrate  of  potash  crystallises  in         The  author  seems  here  to  have  miscalcu- 

small  neMiles,  which  are  whiter  and  unalter-  lated  strangely.    Taking  his  analysis  of  pyio- 

able  in  the  air.     It  dissolves  in  about  4  parts  dtrate  of  lime  and  of  pyrodtric  add,  we  have 
of  water.     Its  solution  gives  no  predpitate        34  add,  which  contain  14.6  of  oxygen, 
with  the  nitrate  of  silver  or  of  baryte ;  whilst        66  lime,  -  18.6  of  oxygen ; 

that  of  the  dtrate  of  baryta  forms  predpitates  so"  that  the  oxygen  of  the  base  is  to  that  of 

with  these  salts.  the  add  as  I  to  0.785^  instead  of  1  to  a07. 

The  pyrodtrate  of  lime  directly  formed,  ex-        In  fact,  the  pyrodtrate  of  lime  result 

hibits  a  white  crystalline  mass,  composed  of  makes  the  atom  of  add,  referred  to  Dr  Wol- 

neadles  opposed  to  each  other,  in  a  ramifica-  laston'i  scale^  to  be  18.3;  that  for  pyrod- 
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of  toyttt  mricflt  it  7&Ai  Mid  tfaal  for 
liywxiUiit  of  Iflwiy  70L  The  only  ntpposi- 
tka  we  cao  form  i%  tint  the  Dumbert  for 
the  calcareous  salt  are  mverted  in  the  Jour^ 
nai  de  Fharmades  and  that  they  ought  to  be» 
Pyrocitric  add*  66 

Lfane,  34 

In  tilufl  caw  the  atom  comes  out  69.0;  a 
mkislilr  aocordaDoe  with  the  above.  Were 
the  equivalent  of  the  add  66.25^  then  it 
nigfat  consist  of 

CkrixNi,  4  atoms  s=s  3a00  45.27 
Oxygen^  3  -  =30.00  45.27 
Hydiiigai,5     -     ess    6w25       9.46 

66.25  100.00 
ACID  (PTROLIGNOUS).  In  the 
dietiuiliiii  distillation  of  any  kind  of  wood, 
an  add  is  obtained,  which  was  formerly 
oallad  aeki  tpirit  cfwody  and  since,  pyrolig- 
nous  add.  Fourcroy  and  Vauqnelin  show- 
ed dut  this  add  was  merely  the  acetic,  con- 
taminated with  empyreumatic  oil  and  bitu- 
men.     See  Acsnc  Acux 

Under  acetic  add  will  be  found  a  full  ao- 
eooBt  of  the  production  and  purification  of 
pynlignous  add.  M.  Monge  disoorercd, 
about  Atc  years  ago^  that  this  add  has  the 
jwupeity  of  preventing  the  decomposition  of 
adiBBal  substances.  But  I  have  lately  learn- 
ed, that  Mr  William  Dinsdal^  of  Field  Cot- 
ti^e,  Cokfaester,  three  years  prior  to  the  date 
of  M.  Sionge's  discovery,  did  propose  to  the 
Lords  Commissioners  of  the  Admiralty,  to 
apply  n  pyrolignons  acid,  (prepared  out  of 
the  contact  of  iron  vessels,  which  blacken  it), 
to  the  purpose  of  preserving  animal  food, 
wlierever  thdr  ships  mi^t  go.  As  this 
■ppBcsirion  may  in  many  cases  aiFoid  valu- 
able aodscortRitic  artides  of  food,  and  thence 
be  eminently  condudve  to  the  health  of  8e»- 
SMD,  it  is  to  be  hoped  that  their  Lordships 
wiU,  ere  long,  carry  into  effect  Mr  Dinsdale's 
ingenious  plan,  as  for  as  shall  be  deemed 
necessary.  It  is  suffident  to  plunge  meat 
for  n  fow  moments  into  this  add,  even 
aligfatly  empyreumatic,  to  preserve  it  as  long 
as  you  please.  «  Putrefocdon,*'  it  is  said, 
•*  not  only  stops,  but  retrogrades."  To  the 
empyreumatic  oil  a  part'  of  this  eff^  has 
bem  ascribed ;  and  hence  has  been  accounted 
for,  the  agency  of  smoke  in  the  preservation 
of  tangoes,  bams,  herrings,  &c.  Dr  Jorg  of 
Lsipsic  has  entirely  recovered  several  ana- 
tandcal  preparations  from  indpient  corrup- 
tion  by  pouring  this  add  over  them.  '  With 
the  empyreumatic  oil  or  tsr  he  has  smeared 
pieces  of  flesh  already  advanced  in  decay, 
and  notwithstanding  that  the  weather  was 
hot,  they  soon  beomie  dry  and  sound.  To 
the  above  statements  Mr  Ramsay  of  Glas- 
gow, an  eminent  manufacturer  of  pyrolig- 
nons add,  and  wdl  known  for  the  pnri^ 
of  liis  vinegar  from  wood,  has  recently  added 
Hm  foUoirii^  foots  in  the  5th  nmnbeic  €f  the 


Edinbmgh PhilosophkalJoBnaL  Iffishbe 
simply  dqpped  in  redistilled  pyroUgnous  acid, 
of  the  spedfic  gravity  1.012,  and  afterwards 
dried  in  the  shade,  they  preserve  perfectly 
welL  On  boiling  herrings  treated  in  this 
manner,  they  were  very  agreeable  to  the 
taste^  and  had  nothing  of  the  disagreeable 
empyreuma  which  those  of  his  earlier  expe- 
riments had,  which  were  steeped  for  three 
hours  in  the  add.  A  number  of  very  fine 
haddocks  were  cleaned,  split,  and  slightly 
sprinkled  with  salt  for  six  hours.  After 
bring  drained,  they  were  dipped  for  about 
three  seconds  in  pyrolignous  add,  then  hung 
up  in  the  shade  for  six  days.  On  being 
broiled,  the  fish  were  of  an  uncommonly  fine 
flavour,  and  delicately  white.  Beef  treated 
in  the  lame  way  had  the  same  flavour  as 
Hamburgh  (wef,  and  kept  as  well.  Mr 
Ramsay  has  since  found,  that  his  perfecdy 
purified  vinegar,  specific  gravity  1.034,  bring 
^plied  by  a  cloth  or  sponge  to  the  surfooe 
of  fiesh  ineat,  makes  it  keep  sweet  and  sound 
for  several  days  longer  in  summer  than  it 
otherwise  would.  Immersion  for  a  minute 
in  his  purified  common  vinegar,  spedfic  gra- 
vity 1.009,  protects  beef  and  fish  from  all 
taint  in  summer,  provided  they  be  hung  up 
and  dried  in  the  shade.  When,  by  frequent 
use,  the  pyrolignous  acid  has  become  impure^ 
it  may  be  clarified  by  beating  up  twenty 
gallons  of  it  with  a  dozen  of  eggs  in  the 
usual  manner,  and  heating  the  mixture  in 
an  iron  boiler.  Before  boiling,  the  eggs 
coagulate,  and  bring  the  impurities  to  the 
sorfoce  of  the  boiler,  which  are  of  course  to 
be  carefoUy  skimmed  off.  The  add  must 
be  immediately  withdrawn  from  the  boiler, 
as  it  acts  on  iron. 

ACID  (PYROLITHIC).  When  uric 
add  concretions  are  distilled  in  a  retort,  sil- 
very white  plates  sublime.  These  are  pyro- 
litlmte  of  ammonia.  When  thdr  solution  is 
poured  into  that  of  subacetaie  of  lead,  apy- 
rolitbate  of  lead  foils,  which,  after  proper 
washing,  is  to  be  shaken  with  water,  and  de- 
composed by  sulphuretted  hydrogen  gas. 
The  supernatant  liquid  is  now  a  solution  of 
pyrolithic  add,  which  yields  small  adcular 
crystals  by  evaporation.  By  heat  these  melt, 
and  sublime  in  white  needles.  They  are 
soluble  in  four  parts  of  cold  water,  and  the 
solution  reddens  vegetable  blues.  Boiling 
alcohol  dissolves  the  add,  but  on  cooling  it 
deposits  it,  in  small  white  grains.  Nitric 
add  dissolves  without  changing  it.  Hence, 
pyrolithic  is  a  different  add  from  the  lithic, 
which,  by  nitric  add,  is  convertible  into  pur- 
purate  of  ammonia.  The  pyrolithate  of  lime 
crystallizes  in  stalactites,  which  have  a  bitter 
and  slightly  acrid  taste.  It  consists  of  91.4 
add  -I-  &6  Ihne.  Pyrolithate  of  baryta  is 
a  neariy  insoluble  ponder.  The  salts  of  pot- 
ash, soda,  and  ammonia,  are  soluble^  and  the 
former  two  crystaUiiable.     At  a  red  heat. 
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and  by  pawipg  it  OTer  ignited  oxide  of  cop- 
per, it  is  decompooed,  into  oxygen  44.32, 
carbon  2a29,  azote  16.84s  hydrogen  10. 

ACID  (PYROMALIC).  When  malic 
or  Borbic  acid,  for  they  are  the  same,  is  dis- 
tilled in  a  retort,  an  add  sublimate,  in  white 
needles,  appears  in  the  neck  of  the  retort, 
and  an  acid  liquid  distils  into  the  receiver. 
This  liquid,  by  eraporation,  affords  crystals, 
constituting  a  peculiar  add,  to  whidi  the 
above  name  has  been  given. 

They  are  permanent  in  the  air,  melt  at 
118°  Fahr.,  and  on  cooling  form  a  pearl- 
coloured  mass  of  diverging  needles.  When 
thrown  on  red-hot  coals,  they  completely 
evaporate  in  an  acrid,  cough-exciting  smoke. 
Exposed  to  a  strong  beat  in  a  retort,  they  are 
partly  sublimed  in  needles,  and  are  partly  de- 
composed, lliey  are  veiy  soluble  in  strong 
alcohol,  and  in  double  their  wdght  of  water, 
at  the  ordinary  temperature.  Tlie  solution 
reddens  vegetable  blues,  and  yields  white 
flocculent  predpitates  with  acetate  of  lead 
and  nitrate  of  mercury;  but  produces  no 
piedpitate  with  lime  water.  By  mixing  it 
with  baryta  water,  a  white  powder  falls, 
'  which  is  redissolved  by  dilution  with  water, 
after  which,  by  gentle  evaporation,  the  pyro* 
malate  of  baryta  may  be  obtained  in  silvery 
plates.  These  consist  of  100  add,  and 
185.142  baryta,  or  in  prime  equivalents,  of 
5.25  +  9.75. 

Pyromalate  of  potash  may  be  obtained 
in  feather-formed  crystals,  which  deliquesce. 
FyromalateW  lead  fonns  first  a  white  floccu- 
lent predpitate,  soon  passing  into  a  semi- 
transparent  jelly,  which,  by  dilution  and  fil- 
tration from  the  water,  yields  brilliant  pearly- 
looking  needles.  The  white  crystals  that 
sublime  in  the  original  distillation,  are  con- 
sidered by  M.  Lassaigne  as  a  peculiar  add. 
ACID  (PYROMUCIC).  This  add, 
discovered  in  1818  by  M.  Houton  Labillar- 
diere,  is  one  of  the  products  of  the  distillation 
of  mudc  acid.  When  we  wish  to  procure  it, 
the  operation  must  be  performed  in  a  glass 
retort  furnished  with  a  recdver.  The  add 
is  formed  in  the  brown  liquid  which  is  pro- 
duced along  with  it,  and  which  contains 
water,  acetic  acid,  and  empyreumatic  oil ;  a 
very  small  quanti^  of  the  pyromudc  add 
remaining  attached  to  the  vault  of  the  retort, 
under  the  form  of  crystals.  These  crystals 
being  coloured  are  added  to  the  brown  liquor, 
which  is  then  diluted  with  three  or  four  times 
its  quantity  of  water,  in  order  to  throw  down 
a  certain  portion  of  oil.  The  whole  is  next 
filtered,  and  evaporated  to  a  suitable  degree. 
A  great  deal  of  acetic  add  is  volatilized,  and 
then  the  new  add  crystallizes.  On  decant- 
ing the  mother  waters,  and  concentrating 
them  farther,  they  yield  crystals  anew ;  but 
as  these  are  small  and  yellowish,  it  is  neces* 
sary  to  make  them  undergo  a  second  distilla- 
tion, to  render  them  susceptible  of  bdng  per- 


fectly purified  by  crystallisation.  150  parts- 
of  mudc  add  furnish  about  60  of  brovm 
liquor,  from  vrhich  we  can  obtain  dght  to  ten 
of  pure  pyromudc  add. 

Hiis  add  is  whiter  inodorous,  of  a  strongly 
add  taste,  and  a  dedded  action  on  litmus. 
Exposed  to  heat  in  a  retort  it  melts  at  the 
temperature  of  266°  F.,  then  volatilizes,  and 
condenses  into  a  liquid,  which  passes  on  cool-  * 
ing  into  a  crystalline  mass,  covered  with  very 
fine  needles.  It  leaves  very  slight  traces  of 
residuum  in  the  bottom  of  the  retort. 

On  burning  coals,  it  instantly  diffuses 
wliite  pungent  vapours.  Air  has  no  acti^m 
on  it  Water  at  60°  dissolves  l-28th  of  its 
weight  Boiling  water  dissolves  it  much 
more  abundantly,  and  on  cooling  abandons 
a  portion  of  it,  in  small  elongated  plates» ; 
which  cross  in  every  direction. 

Subacetate  of  lead  is  the  only  salt  of  whose . 
oxide  it  throws  down  a  portion. 

It  consbts  in  100  parts  of 

Carbon,  52.118 

Oxygen,  45.806 

Hydrogen;         2.111 

Hiis  add  unites  readily  to  the  salifiable 
bases,  and  forms. 

With  polatht  a  .salt  very  soluble  in  water 
and  alcohol,  deliquescent,  and  which,  evapo- 
rated to  a  pellicle,  congeals  into  a  granular 
mass; 

f^ith  toda^  a  salt  less  deliquescent  and  leas 
soluble  in  water  and  alcohol  than  the  pre- 
ceding, but  which  crystallizes  vrith  difiicul- 

With  bartfla,  JtroiUio,  and  lime,  salts 
soluble  in  water,  and  a  little  more  so  in  hot 
than  in  cold,  insoluble  in  alcohol,  and  easily 
obtained  in  crystals,  which  are  permanent  in 
the  air; 

With  ammoniot  a  salt  soluble  in  water, 
which,  by  evaporation  of  the  liquid,  loses  a 
portion  of  its  base,  becomes  add,  and  then 
crystallizes  with  &cility ; 

With  protoxide  of  lead,  a  neutral  soluble 
salt,  which  possesses  remarkable  properties. 
Hiis  salt  is  obtained  by  putting  liquid  pyro- 
mudc add  in  contact  with  moist  carbonate 
of  lead.  When  we  evaporate  the  solution, 
the  salt  collects  at  the  surface  in  transparent 
liquid  globules,  of  a  brownish  colour  and  an 
dly  aspect ;  which,  a  little  after  they  are  re- 
moved,, assume  the  softness  and  toughness  of 
pitch,  and  finally  become  solid,  opaque,  and 
whitish.  This  property  belongs  also  to  suc- 
dnate  of  lead. 

The  alkaline  pyromucates  occasion  scarcely 
any  turbidity  in  the  solutions  of  the  metallic 
salts,  if  we  except  those  of  the  peroxide  of 
iron,  of  the  peroxide  of  mercury,  the  subace- 
tate of  lead,  and  the  protonitrate  of  tin.  The 
deposit  formed  in  the  salts  of  iron  is  a  yellow 
similar  to  that  of  turbeth  mineral. 

In  all  the  .  salts  in  the  neutral  state,  the 
quantity  of  oxygen  in  the  oxide  is  to.  the 
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^iwntity  in  the  add  as  one  to  tUrteen,  which 
sumber  therefore  represents  the  equivalent 
weight  of  pyromucic  add.— ^nn.  de  Chim- 
a  de  Pktfi.  ix.  365. 

ACID  (PYROTARTARIC).  Into  a 
coated  glass  retort  introduce  tartar,  or  rather 
tartaric  add,  till  it  is  half  full,  and  fit  to  it  a 
tubulated  recdrer.  Apply  heat,  which  is  to 
be  gradually  raised  to  rtdnesa.  Fyrotartaric 
addT  of  a  brown  colour,  from  impurity,  is 
fimnd  in  the  liquid  products.  We  must  filter 
these  through  paper  previously  wetted,  to  se- 
parate the  oily  matter.  Saturate  the  liquid 
with  carbonate  of  potash ;  evaporate  to  dry- 
ness; redissolve,  and  filter  through  clean 
moistened  paper.  By  repeating  thb  process 
of  evaporation,  solution,  and  filtration,  seve^ 
ral  times,  we  succeed  in  separating  all  the 
oiL  The  dry  salt  is  then  to  be  treated  in  a 
^aas  retort^  at  a  moderate  heat,  with  dilute 
sulphuric  add.  There  passes  over  into  the 
TCcdTer,  first  of  all  a  liquor  containing  evi- 
dently acetic  add;  but  towards  the  end  of 
the  distillation,  there  is  condensed,  in  the 
vault  of  the  retort,  a  white  and  foliated  sub- 
limate^ which  is  the  pyrotartaric  add,  per- 
fectly pure. 

It  has  a  very  sour  taste,  and  reddens 
powerfully  the  tincture  of  turnsole.  Heated 
in  an  open  vessel,  the  add  rises  in  a  white 
sm<Ae,  without  leaving  the  charcoaly  resi- 
duum which  is  left  in  a  retort  It  is  very 
soluble  in  water,  from  which  it  is  separated 
in  crystals  by  spontaneous  evaporation.  The 
bases  combine  with  it,  forming  pyrotartrates, 
of  which  those  of  potash,  soda,  ammonia, 
baryta,  strontia,  and  lime,  are  very  soluble. 
That  of  potssh  is  deliquescent,  soluble  in  al- 
oobolf  capable  of  crystallizing  in  plates,  like 
the  acetate  of  potash.  This  pyrotartnte  pre- 
dpitates  both  acetate  of  lead  and  nitrate  of 
mercury,  whilst  the  add  itself  predpitates 
only  the  latter.  Rose  is  the  discoverer  of 
this  add,  which  was  formerly  confounded 
with  the  acetic 

ACID  (RACENIC).  An  add  found 
associated  with  the  tartaric  in  tartar,  by  M. 
Kcestner.  M.  Gay  Lussac  observed  that  it 
took  lime  from  the  muriate  of  that  base.  It 
consists  of  4  atoms  iyf  carbon,  5  of  oxygen, 
and  8  of  hydrogen.  Its  prime  equivalent  is 
S.307.  It  forms  very  remarkable  salts ;  that 
vrith  potash  and  soda  resembles  Rochelle  salt 
M.  GtLj  Lussac  considers  it  to  be  isomor- 
phous  with  the  tartaric  add. 

ACID  (RHEUMIC).  A  supposed  new 
add  extracted  from  the  stems  of  rhubarb; 
but  it  is  merely  the  oxalic. 

ACID  (ROSASIC).  There  is  deposited 
from  tlie  urine  of  persons  labouring  under 
intermittent  and  nervous  fevers,  a  sediment 
of  a  rose  colour,  occasionally  in  reddish  crys- 
tals. This  was  first  discovered  to  be  a  pecu- 
liar add  by  M.  IVoust,  and  afterwards  ex- 
amined by  M.  Vauquelin.    This  add  is  loiid, 


of  a  lively  cinnabar  hue,  without  smell,  with 
a  faint  taste,  but  reddening  litmus  very  sen- 
sibly. On  burning  coal  it  is  decomposed 
into  a  pungent  vapour,  which  has  not  the 
odour  of  burning  animal  noatter.  It  is  very 
soluble  ia  water,  and  it  even  softens  in  the 
air.  It  is  soluble  in  alcohol.  It  forms  solu- 
ble salu  with  potash,  soda,  ammonia,  baryta, 
strontia,  and  lime.  It  gives  a  slight  rose- 
coloured  predpitate  with  acetate  of  lead.  It 
also  combines  with  lithic  add,  forming  so  in- 
timate a  union,  that  the  lithic  add  in  pred- 
pitating  from  urine  carries  the  other,  though 
a  deliquescent  substance,  down  along  with  it 
It  is  obtained  pure  by  acting  on  the  sedi- 
ment of  urine  with  alcohol.    Stt  AaD  (PuA- 

PUBIC). 

ACID  (SACLACTIC).  See  Acid  (Mu- 
cic). 

ACID  (SEBACIC).  Subject  to  a  con- 
siderable heat  7  or  8  pounds  of  hog's  lard,  in 
a  stoneware  retort  capable  of  holding  dou- 
ble the  quantity,  and  connect  its  beak  by  an 
adopter  with  a  cooled  recdver.  The  con- 
densible  products  are  chiefly  fat,  altered  by 
the  fire,  mixed  with  a  little  acetic  and  sebadc 
adds.  Tkeat  this  product  with  boiling  water 
several  times,  agitating  the  liquor,  allowing  it 
to  cool,  and  decanting  each  time.  Pour  at 
last  into  the  watery  liquid,  solution  of  acetate 
of  lead  in  excess.  A  white  flocculent  preci- 
pitate of  sebate  of  lead  will  instantly  fall, 
which  must  be  collected  on  a  filter,  washed 
and  dried.  Put  the  sebate  of  lead  into  a 
phial,  and  pour  upon  it  its  own  weight  of 
sulphuric  add,  diluted  with  five  or  six  times 
its  wdgbt  of  water.  Expose  this  phial  to  a 
heat  of  about  S12^.  The  sulphuric  acid 
combines  vdth  the  oxide  of  lead,  and  sets  the 
sebadc  add  at  liberty.  Filter  the  whole 
while  hot  As  the  liquid  cools,  the  sebadc 
add  crystallizes,  which  must  be  washed,  to 
free  it  completely  from  the  adhering  sulphu- 
ric add.  Let  it  be  then  dried  at  a  gentle 
heat 

Tlie  sebadc  add  is  inodorous ;  its  taste  is 
slight,  but  it  perceptibly  reddens  litmus  pa- 
per ;  its  specific  gravity  is  above  that  of  water, 
and  its  crystals  are  small  white  needles  of 
little  coherence.  Exposed  to  heat,  it  melts 
like  fat,  is  decomposed,  and  partially  evapcv- 
rated.  The  air  has  no  eflTect  upon  it  It  is 
much  more  soluble  in  hot  than  in  cold  water ; 
hence  boiling  water  saturated  with  it  assumes 
a  nearly  solid  consistence  on  cooling.  Alco- 
hol dinolves  it  abundantly  at  the  ordinary 
temperature. 

With  the  alkalis  it  forms  soluble  neutral 
salts ;  but  if  we  pour  into  their  concentrated 
solutions,  sulphuric,  nitric,  or  muriatic  adds, 
the  sebadc  is  immediately  deposited  in  laige 
quantity.  It  affords  predpitates  with  the 
acetates  and  nitrates  of  lead,  mercury,  and 
silver. 

Such  is  the  account  given  by  M.  Tbenard 
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of  thi$  add,  in  the  3d  voluine  of  bb  TVut^ 
de  Chimie,  publiihed  in  1815.  BeRelia% 
in  1816,  published  an  ehiborate  dissertation, 
to  prove  that  M.  Thenard's  new  eebacic  add 
was  only  the  bensoic,  contaminated  by  the 
fat,  firom  which,  however,  it  may  be  freed, 
and  brought  to  the  state  of  common  benzoic 
acid.  M.  Tlienard  takes  no  notice  of  M. 
Benelius  whatever,  but  concludes  his  ac- 
count by  stating,  that  it  has  been  known  only 
for  twdve  or  thirteen  years,  and  that  it  must 
not  be  confounded  n^th  ibe  acid  formerly 
called  sebadc,  which  possesses  a  strong  dis- 
gusting odour,  and  was  merely  acetic  or  mu- 
riatic acid ;  or  fat  which  had  been  changed, 
in  some  way  or  other,  according  to  the  pro- 
cess used  in  the  preparation. 

ACID  (SELENIC).  There  seems  to 
be  two  add  compounds  of  selenium,  a  selo- 
nious  and  selenic  acid:  the  former  is  des- 
cribed under  selenium,  the  latter  we  shall 
describe  here.  Hiis  new  compound  was  dis- 
covered by  MM.  Mitscherlich  and  Nitzsch. 
It  contains  half  as  much  more  oxygen  as  the 
M  one  discovered  by  M.  Benelius. 

Seleniate  of  lead  is  to  be  decomposed  by 
sulphuretted  hydrogen,  and  the  sdenic  add 
is  disengaged.  Its  purity  is  ascertained  by  its 
entire  volatility.  If  sulphuric  add  be  pre- 
sent, it  may  be  detected  by  boiling  a  portion 
with  muriatic  add,  which  produces  selenious 
add,  and  then  testing  by  muriate  of  baryta; 
—a  predpitate  indicates  sulphuric  add. 
From  the  decomposition  of  seUniiate  of  pot- 
ash by  muriate  of  baryta,  it  appeared  that 
the  seleniate  was  composed  of 

Potash,  42. 16 

Selenic  add,  57.84 


100.00 
lie  composition  of  the  add  was  determined 
by  boiling  a  certain  weight  of  the  seleniate 
of  soda  with  muriatic  add  in  excess,  and  de- 
composing the  sdenious  add  f<nrmed  by  sul- 
phite of  soda ;  4.88  of  the  salt  gave  2.02  of 
selenium,  from  which  and  the  above  result 
it  would  appear,  that  the  add  is  formed  of 
Selenium,  61.4 

Oxygen,  38.6 

loao 

Selenic  add  is  a  colourless  liquid,  which 
may  be  heated  to  536°  vrithout  sensible  de- 
composition*; above  that  it  changes,  and  at 
554°  is  rapidly  resolved  into  oxygen  and  se- 
lenious add.  Heated  to  329°,  its  spedfic 
gravity  is  2.524;  at  512.6<»  it  is  2.6.  Se- 
lenic  acid  has  a  powerful  attraction  for  water, 
and  evolves  much  heat  when  mixed  with  it. 
When  boiled  with  muriatic  add,  it  produces 
Beleniou»add  and  chlorine ;  and  the  mixture^ 
like  aqua  regia,  will  dissolve  platina.  Selenic 
add  dissolves  zinc  and  iron,  evolving  hydro- 
gen ;  it  dissolves  copper  with  disengagement 


of  aelenioiM  add,  and  of  itself  it  dinolvva 
gold,  but  not  platina. 

Sdenic  acid  is  but  little  inferior,  in  affimty 
for  bases,  to  sulphuric  add.  Seleniate  of 
baryta  is  not  completely  decomposed  by  sul- 
phuric add.  Its  combinations  bdng  isamor- 
pbous  with  those  of  sulphuric  acid,  and  poa- 
sessing  the  same  ciystalline  forms,  and  the 
same  general  cheminl  properties,  exhibit  but 
very  slight  differences  from  the  sulphates. 

To  prepare  the  seleniate  of  lead,  the  8»- 
leniure^  freed  from  carbonates  by  muriatic 
add,  is  to  be  fused  with  its  wdght  of  nitrate 
of  soda  in  a  red-hot  crucible.  Water  theo 
dissolves  out  seleniate,  nitrate,  and  nitrite  of 
soda.  Hie  solution  quickly  boiled,  depodti 
anhydrous  seleniate  of  soda.  Or  seleniate  of 
soda  may  be  fused  with  nitrate.  The  seleniate 
is  decomposed  by  nitrate  of  lead ;  whence  r». 
suit  insoluble  ■oifl"i«tf  of  lead  and  nitrite-of 
soda.     See  Selenium. 

ACID  (SILICATED  FLUORIC).^ 
See  Acid  (Fluoaic). 

ACID  (SILVIC).  A  substance  analo- 
gous  to  pinic  acid,  found  in  the  resins  of  the 
pinui  tUvesUrit  and  fir  tree.  It  is  separated 
by  acting  on  the  resin  several  times  with  al- 
cohol, which  takes  up  every  thing  but  the 
siivic  add.  The  latter  crystallizes  almost  en- 
tirely upon  cooling,  is  colourless,  and  requires 
a  higher  temperature  than  212^  for  its  fu^ 
don.  The  ciystals  appear  as  quadrangular 
prisms.  This  add  dissolves  in  all  propor- 
tions in  volatile  oils ;  and  the  alcoholic  solu- 
tion strongly  reddens  litmus.  The  sUvate  of 
copper  is  soluble  in  absolute  alcohol,  and 
may  in  that  way  be  separated  from  the  pinate 
of  Uie  same  base. 

ACID  (SOLANIC).  Sohinia,  which  la 
piindpally  contained  in  the  berries  of  the  con^ 
mon  nightshade  {$olanum  nigrum),'iA  combin- 
ed with  a  particular  add.  This  add  may  be 
separated  by  means  of  ammonia,  which  pre- 
cipitates the  vegeto^Ukali.  It  has  a  crystal- 
line form,  is  soluble  in  water,  and  prodnoea 
oystallizable  combinations  with  potash  and 
soda ;  the  fint  in  adcular  crystals,  the  second 
in  quadrilateral  prisms,  with  a  sweet  tasta 

ACID  (STEARIC).  This  add  is  the 
saponified  fat  of  mutton,  beef,  pork,  &c  See 
Fat,  and  the  details  of  its  si^Kmification. 

ACID  (STIBIC).  See  Acm  (Ann- 
iionic) 

ACID  (STIBIOUS).     See  Acm  (An- 

TIMONIOCJS). 

ACID  (SUBERIC).  M.  Cfaevrenl  ob- 
tained the  suberic  add  by  mere  digestion  of 
the  nitric  arid  on  grated  cork,  without  distil- 
lation, and  purified  it  by  veuhing  with  cold 
water.  12  parts  of  cork  may  Im  made  to 
yield  1  of  add.  When  pure,  it  is  white  and 
pulverulent,  having  a  feeble  taste^  and  little 
action  on  litmus.  It  is  soluble  in  80  parte 
of  water  at  55}°  F.  and  in  38  parte  at  140°. 


ACID  96  SULPHURIC 

It  is  mucfa  more  toluble  in  aloobol,  IWmi  duce  ft  peculiar  doas  of  aalti,  hes  been  dis- 

wfaidi  water  throws  down  a  portion  of  the  tinguished  as  the  sulphonaphtbalic  add.— 

suberic  add.    It  occasions  a  white  predpitate  Let  two  parts  of  naphthaline  and  one  part  of 

when  poured  into  acetate  of  lead,  nitrates  of  concentrated  sulphuric  add  be  introduced 

lend,  mercury  and  silver,  muriate  of  tin,  and  into  a  flask,  raise  the  temperature  till  the 

protosulphate  of  iron.     It  aiFords  no  predpi-  naphthaline  melts,  and  agitate.     Combina- 

tate  with  solutions  of  copper  or  sine     llie  tion  is  effected,  and,  after  cooling,  two  sub- 

sobemtes  of  potash,  soda,  and  ammonia,  are  stances  are  found,  both  in  the  solid  state. 

veiry  soluble.     The  two  latter  may  be  readily  The  lighter  is  naphthaline,  containing  a  little 

crystallised.     Those  of  baryta,  lime,  magne-  of  the  peculiar  add.     The  lower  and  heavier 

ua,  and  alumina,  are  of  sparing  solubility.  is  also  crystalline,  but  softer  than  the  upper. 

ACID  (SUCCINIC).     It  has  long  been  It  is  red,  of  an  add  bitter  taste,  absorbs 

known  that  amber,  when  exposed  to  distills-  moisture  from  the  air,  and  consists  prindpal- 

tioo»  affords  a  crystallised  substance,  which  ly  of  the  hydrated  peculiar  add,  contaim'ng 

subfimes  into  the  upper  part  of  the  vessel.  some  unoombined  n^hthaline.     It  is  distin- 

M.  Julin  of  Abo  states,  that  by  miiing  with  guished  as  the  impure  MoUd  add.     On  rub- 

eoanely  powdered  amber  I-lSffa  part  of  sul-  bing  this  with  native  carbonate  of  barytm  in 

phuiic  add,  diluted  with  an  equal  wdght  of  a  mortar,  a  soluble  barytic  salt  was  obtained, 

water,  the  succinic  add  will  be  produced  in  To  the  solution  of  this  salt,  sulphuric  add 

about  twice  the  quantity  got  in  the  old  way.  was  carefully  added  just  in  quantity  su£Bdent 

Several  processes  have  been  proposed  for  to  predpitate  the  baryta;  and  after  filtration 

purilying  this  add :  that  of  Bichter  appears  a  pure  aqueous  solution  of  the  new  add  was 

to  be  the  best.     The  add  being  disserved  in  obtained.      Hiis    solution   is   bitter,    add, 

hot  water,  and  filtered,  is  to  be  saturated  with  powerfully  reddening  vegetable  blues,  neu* 

potash  or  soda,  and  boiled  with  charcoal,  tralizing  bases,  but  not  predpitating  baryta 

which  absorbs  the  oily  matter.    Hie  solution  or  lead  from  their  salts.     When  carefully 

bong  filtered,  nitrate  of  lead  is  added ;  whence  ev^iorated  in  vacuo,  it  affords  a  white,  loli^ 

results  an  insoluble  succinate  of  lead,  from  crystalline  add,  deliquescing  in  the  air.     It 

which,  by  digestion  in  the  equivalent  quantity  melts  at  212^  Fahr.  and  cryi^kallixes  on  cool- 

of  sulphuric  add,  pure  succinic  add  is  sepi^  ing.     Its  salts  are  soluble  in  water  and  al- 

rated.    mtrate  or  muriate  of  baryta  will  show  coboL     That  of  baryta  is  composed  of  an ' 

whether  any  sulphuric  add  remains  mixed  atom  of  baryta,  2  of  sulphuric  add,  20  of 

with  the  sucdnic  solution ;  and  if  so,  it  may  charcoal,  and  8  of  hydrogen.     Its  saturating 

be  withdrawn  by  digesting  the  liquid  with  a  power  is  equal  to  one-half  that  of  its  suU 

little  more  sucdnate  of  leaid.     Pure  sucdnic  phuric  add. 

add  may  be  obtained  by  evaporation,  in  white         ACID  (SULPHOVINIC).     The  name 

transparoit  prismatic  crystals.    Tbdr  taste  is  given  by  Vogel  to  an  add,  or  class  of  adds, 

somewhat  tharp,  and  they  redden  powerfully  which  may  be  obtained  by  digesting  alcohol  and 

tincture  of  turnsole.  Heat  melts  and  partially  sulphuric  add  together  with  heat    Salts  call- 

decomposes  succinic  add.     Air  has  no  effect  ed  sulphovinatcs  were  first  noticed  about  the 

upon  it.      It  is  soluble  in  both  water  and  year  1800  by  M.  Debit,  and  afterwards  treat- 

akohol,  and  much  more  so  when  they  are  ed  of  by  M.  Vogel ;  but  their  nature  was 

heated.    Its  prime  equivalent,  by  Berselius,  is  never  sscertained  till  Mr  Hennel  made  his 

6.26 ;  snd  it  is  composed  of  4b 51  bydrogen,  investigations  latdy  on  the  sutrject.     The 

47.6  carbon,  47.888  oxygen,  in  100^  or  2  -^  sulphovinates  are  readily  prepared  by  mixing 

4-^3  primes.  equal  wdghts  of  sulphuric  add  and  alcohol. 

With  baryta  and  lime  the  sucdnic  add  allowing  the  mixture  to  remain  for  half  an 
ibnns  salts  but  little  soluble;  and  with  mag^  hour,  then  adding  carbonate  of  lead  equal  in 
neaia  it  unites  into  a  thick  gummy  substance,  weight  to  that  of  sulphuric  acid  first  used, 
Ibe  sucdnates  of  potash  and  ammonia  are  and  filtering ;  little  else  than  sulphovinic  add 
crystallizable  and  detiquescent ;  that  of  soda  is  left  in  solution.  This  combined  with  bases 
does  not  attract  moisture.  The  sucdnate  of  furnishes  salts,  which  may  be  rendered  pure 
ammonia  is  useful  in  analysis  to  separate  by  crystallization.  Sulphovinic  add,  accord- 
oxide  of  iron.  ing  to  Mr  Hennel,  consists  of  two  atoms  of 

ACID  (SULPHOCYANIC).      See  m  sulphuric  acid,  four  of  hydrogen,  and  four  of 

the  sequel  of  Acid  (Htdbocyanic).  carbon;  and  this  compound  add  combines 

ACID  (SULPHON APHTH  ALIC) with  one  atom  of  potash  to  form  sulphorinate 

Jfr  Faraday  communicated  a  paper,  in  1826,  of  potash.    The  vegetable  part  of  the  add 

to  the  Royal  Sodety,  to  show  that  during  the  is  therefore  olefiant  gas.     Oil  of  wine  and 

mutual  action  of  sulphuric  add  and  naphtha-  sulphovinic  add  seem  to  be  identical.-— PAtf. 

fine^  a  compound  of  that  add  with  hydrocar-  Trans,  1826.  Part  3.     See  Oil  of  Wine. 
boo  18  formed,  differing  from  all  known  sub-         Messrs  Dumas  and  BouUay  state  the  com- 

Itancesi,  and  whicb,  poawensing  add  properties,  position  of  sulphovinic  acid,  as  analysed  in 

and  combining  with  salifiable  bases  to  pro*  combination  with  baryta,  to 
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Sulphate  of  baryta* 

5&3 

Sulphurous  acid^ 

141.65 

Caxi>on, 

11.32 

Hydrogen, 

1.46 

Water, 

19.31 

100.04 
The  compoaition  of  the  oily  matter,  brought 
to  100,  would  give 

Carbon,  88.37 

Hydrogen,     11.63 

100.00 
It  is  therefore  oil  of  wine.     Ibis  being  ad- 
mitted, the  sulphovinate  of  baryta  is  repre- 
sented by  one  atom  of  hyposuljdbate,  two 
atoms  of  oil  of  wine,  and  five  of  water ;  or 
Hyposulphate  of  baryta,      66.4 
OU  of  wine,  12.26 

Water,  19.65 


100.30 

The  authors  then  show  that  similar  re- 
sults are  obtained  by  analyzing  the  sulpho- 
vinates  of  copper  and  lead. 

ACID  (SULPHURIC).  Sulphuric  acid 
was  formerly  obtained  in  this  country  by  dis- 
tillation from  sulphate  of  iron,  as  it  still  is  in 
many  parts  abroad.  Tlie  fluid  that  is  thus 
obtained  is  the  German  sulphuric  acid,  of 
which  Bernhardt  got  siity-four  pounds  from 
six  hundred  wei^t  of  vitriol ;  and  on  the 
other  hand,  when  no  water  had  been  pre- 
viously poured  into  the  receiver,  fifty-two 
pounds  only  of  a  dry  concrete  add.  This 
add  was  formerly  called  glacial  oil  ofvitrioL 

It  was  shown  by  Vogri,  that  when  this 
fuming  add  is  put  into  a  glass  retort,  and 
distilled  by  a  moderate  heat  into  a  receiver 
cooled  with  ice,  the  fuming  portion  comes 
over  first,  and  may  be  obtained  in  a  solid  state 
by  stopping  the  distillation  in  time.  This 
constitutes  absolute  sulphuric  add,  or  add 
entirely  void  of  water.  It  is  in  silky  fila- 
ments, tough,  difficult  to  cut,  and  somewhat 
like  asbestos.  Exposed  to  the  air,  it  fiimes 
strongly,  and  gradually  evaporates.  It  does 
not  act  on  the  skin  so  rapidly  as  concentrated 
oil  of  vitriol.  Up  to  66^  it  continues  solid, 
but  at  temperatures  above  this  it  becomes  a 
colourless  vapour,  which  whitens  on  contact 
with  air.  Dropped  into  water  in  small  quan- 
tities, it  exdtes  a  hissing  noise,  as  if  it  were 
red-hot  iron ;  in  larger  quantities  it  produces 
a  species  of  explosion.  It  is  convertible  into 
ordinary  sulphuric  add,  by  the  addition  of 
water.  It  dissolves  sulphur,  and  assumes  a 
blue,  green,  or  brown  colour,  according  to 
the  proportion  of  sulphur  dissolved.  The 
spedfic  gravity  of  the  black  fuming  sulphu- 
ric acid,  prepared  in  large  quantities  from 
copperas  at  Nordhaunen,  is  1.896. 

The  ordinary  liquid  acid  of  Nordhatisen  is 
brown,  of  variable  density,  and  boils  at  100^ 
or  120^  F.     One  part  of  it  evaporates  in 


dense  fumes,  and  the  remainder  is  fbund  to 
be  common  oil  of  ritrioL  The  above  solid  an- 
hydrous add  has  a  spedfic  gravity  of  1.97  at 
68^^  F. ;  at  7T*  it  remains  fluid,  and  is  less 
visdd  than  oil  of  ritriol.  Hiere  is  a  little 
sulphurous  add  present  in  that  of  Nordhau- 
sen,  but  it  is  acddental,  and  not  essential  to 
its  constitution.  The  anhydrous  add  makes 
a  red  solution  of  indiga  In  the  Journal  of 
Sdence,  xix.  62.  I  published  the  result  of 
some  experiments  which  I  made  to  deter- 
mine the  nature  of  the  solid  add.  lYie  brown 
liquid  acid  had  a  specific  gravity  of  1.842, 
When  distilled  from  a  retort  into  a  globe  sur- 
rounded with  ice,  a  v^ite  solid  sublimate  was 
recdved.  When  this  sublinute  was  exposed 
to  the  air,  it  emitted  copious  fumes  of  sul- 
phuric (not  sulphurous)  add.  It  burned 
holes  in  paper  with  the  rapidity  of  a  red-hot 
iron.  By  dropping  a  bit  of  it  into  a  poised 
phial  containing  water,  and  stoppering  in- 
stantly, to  prevent  the  ejection  of  liquid  by 
the  explosive  ebullition  that  ensues,  I  got  a 
dilute  add  containing  a  known  portion  of 
the  solid  acid,  from  the  specific  gravity  of 
which,  as  well  as  its  saturating  power,  I  de- 
termined the  constitution  of  the  solid  add  to 
be  the  anhydrous  sulphuric ;  or  a  compound 
of  two  by  wdg^t  of  sulphur,  and  three  of 
oxygen.  M.  Gmelin  states,  in  the  Annales 
de  Chimie  et  de  Physique  for  June  1826, 
that  on  distilling  sulphuric  add,  if  we  change 
the  recdver  at  the  instant  when  it  is  filled  with 
opaque  vapours,  and  cover  the  new  recdver 
with  ice,  we  shall  obtain  anhydrous  sulphu- 
ric add,  which  is  deposited  in  crystals  on  the 
inside  of  tiie  vessel,  and  a  less  dense  liquid 
add  which  remains  in  the  retort.  He  su]>- 
poses,  that  during  the  distillation  the  sulphu- 
ric add  is  divided  into  two  porticms,  one  of 
which  gives  up  its  water  to  the  other. 

The  sulphuric  add  made  in  Great  Britain 
is  produced  by  the  combustion  of  sulphur  in 
contact  with  a  little  nitre. 

The  following  ingenious  theory  of  its  for- 
mation, was  first  given  by  MM.  Clement  and 
Desormes.  Hie  burning  sulphur  or  sul- 
phurous add,  taking  from  the  nitre  a  portion 
of  its  oxygen,  forms  sulphuric  add,  whidi 
unites  with  the  potash,  and  displaces  a  little 
nitrous  and  nitric  adds  in  vapour.  These 
vapours  are  decomposed  by  the  sulphurous 
acid  into  nitrous  gas,  or  deutoxide  of  aaote. 
This  gas,  naturally  little  denser  than  air,  and 
now  expanded  by  the  heat,  suddenly  rises  to 
the  roof  of  the  chamber ;  and  might  be  ex- 
pected  to  escape  at  the  aperture  there,  whidi 
manufacturers  were  always  obliged  to  leave 
open,  otherwise  they  found  the  addification 
would  not  proceed.  But  the  instant  that  ni- 
trous gas  comes  in  contact  with  atmospherical 
oxygen,  nitrous  add  vapour  is  formed,  which 
bdng  a  very  heavy  aeriform  body,  imroedi- 
atdy  predpitates  on  the  sulphurous  flame, 
and  converts  it  into  sulphuric  add;  while 
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ttael^  rennbing  the  slate  of  nitrons  gas,  re- 
ascends  for  a  new  charge  of  oxygen,  again  to 
redescend  and  transfer  it  to  the  flvning  sul- 
phur. Thus  we  see^  that  a  small  volume  of 
nitrous  yapour,  by  its  alternate  metamor- 
.  fiboecs  into  the  states  of  oxide  and  add,  and 
its  conse({uent  interchanges,  may  be  capable 
of  ncidilying  a  great  quantity  o£  sulphur. 

This  beautiful  theory  received  a  modifies^ 
tkm  firom  Sir  H.  Davy.    He  found  that  nitrous 
gas  had  no  action  on  sulphurous  gas^  to  con- 
vert it  into  sulphuric  add,  unless  water  be 
present.     With  a  tmaU  proportion  of  water, 
4  vidumes  of  sulphurous  add  gas,  and  3  of 
nitrous  gas,  are  condensed  into  a  crystalline 
•olid,  which  is  instantly  decomposed  by  aMm- 
dance  of  water  :  oil  of  vitriol  is  formed,  and 
nitrous  gas  given  -oS^  which  with  contact  of 
«ir  becomes  nitrous  add  gas,  as  above  de- 
scribed.   Hie  process  continues,  according  to 
the  same  prindple  of  combination  and  de- 
.^imposition,  till  the  water  at  the  bottom  of 
the  chamber  is  become  strongly  acid.     It  is 
.fint  concentrated  in  large  leaden  pans,  and 
afterwards  in  glass  retorts  heated  in  a  sand 
bath.    Flaiinum  alembics,  placed  within  pots 
of  cast-iron  of  a  corresponding  shape  and 
capadty,  have  been  lately  substituted  in  many 
manufiictories  for  glass,  and  have  been  found 
to  save  fuel,  and  quicken  the  process  of  con- 
centration. 

Dr  Henry  describes  a  peculiar  substance, 
produced,  during  very  cold  weather,  in  the 
leaden  pipe  by  which  the  foul  air  of  a  sul- 
phuric add  chamber  was  carried  away.  It 
.  was  a  solid  resembling  borax.  It  became  soft 
and  pasty  in  a  warm  room,  and  gradually  a 
thick  liquid  of  sp.  gr.  1.831  floated  over  the 
solid  pert.  The  crystalline  part  Dr  Henry 
oonsiderB  as  probably  the  same  compound  as 
MM.  Clement  and  Desormes  obtained  by 
mingling  sulphurous  add,  nitrous  gas,  at^ 
.moqpheric  ur,  and  aqueous  vapour ;  and  he 
thinks  its  constitution  is  probably 

5  atoms  sulphuric  add,        -         25.00 
1  atom  hyponitrous  add,  -      4i.7d 

5  atoms  water»  -         -  5,^25 


35.375 
AniuofPkiL  XL  36a 
The  proper  mode  of  burning  tlie  sulphur 
with  the  nitre,  so  as  to  produce  the  greatest 
quantity  of  oil  of  ritriol,  is  a  problem,  con^ 
ceming  which  chemists  hold  a  variety  of  opi- 
nions. M.  Tlienard  describes  the  following 
as  the  besL  Near  one  of  the  sides  of  the 
leaden  chamber,  and  about  a  foot  above  its 
bottom,  an  iron  plate,  furnished  with  an  up- 
right border,  is  pieced  horizontally  over  a 
furnace,  whose  chimney  passes  across,  under 
the  bottom  of  the  chamber,  without  having 
any  connexion  with  it.  On  this  plate,  which 
is  enclosed  in  a  little  chamber,  the  mixture  of 
sulphur  and  nitre  is  laid.  Hie  whole  bdng 
shut  up,  and  the  bottom  of  the  laige  chamr 


ber  covered  with  water,  a  gentle  (Ire  is  kindled 
in  the  furnace.  The  sulphur  soon  tidies  fire, 
and  gives  birth  to  the  products  described. 
When  the  combustion  is  finished,  which  is 
seen  through  a  little  pane  adapted  to  the  trap- 
door of  the  chamber,  this  is  opened,  the  sul- 
phate of  potash  is  withdrawn,  and  is  replaced 
by  a  mixture  of  sulphur  and  nitre.  The  air 
in  the  great  chamber  is  meanwhile  renewed 
by  opening  its  lateral  door,  and  a  valve  in 
its  opposite  side.  Then,  after  closing  these 
openings,  the  furnace  is  lighted  anew.  Suc- 
cessive mixtures  are  thus  burned  till  the  arid 
acquires  a  specific  grerity  of  about  1.390, 
taking  care  never  to  put  at  once  on  the  plate 
more  sulphur  than  the  air  of  the  chamber  can 
acidify.  The  acid  is  then  withdrawn  by  stop- 
cocks, and  concentrated. 

The  ordinary  form  of  a  sulphuric  add  lead 
diamber  is  the  parallelopiped ;  and  its  dimen- 
sions about  seventy  feet  long,  ten  or  twelve 
high,  and  sixteen  wide.  At  the  middle 
height  of  one  end  a  small  oven  is  built  up, 
with  a  cast-iron  sole,  baring  a  large  lead 
pipe,  ten  or  twelve  inches  diameter,  proceed- 
ing from  its  arched  top  into  the  end  of  the 
lead  chamber.  On  the  sole  the  sulphur  is 
burned,  the  combustion  bdng  aided,  when 
necessary,  by  beat  applied  from  a  little  fm'- 
nace  below  it  Above  the  flaming  sulphur 
a  cast-iron  basin  is  supported  in  an  iron 
frame^  into  which  the  nitre,  equal  to  one- 
tenth  of  the  sulphur,  is  put,  with  a  little  sul- 
phuric add.  The  combustion  of  the  sulphur 
is  r^ulated  by  a  sliding  door  on  the  oven. 
In  the  roof  of  the  remote  end  of  the  large 
chamber,  a  small  orifice  is  left  for  the  escape 
of  the  atmospherical  azote,  and  other  incon- 
densable gases.  This  apparatus  is  used  for 
the  continuous  process.  But  there  is  an- 
other, or  that  of  the  iniermitling  combustion, 
which  is  worthy  of  notice.  Large  flat  trays, 
containing  the  sulphur  and  nitre,  are  intro- 
duced into  the  interior  of  the  chaniber,  or 
into*  the  oven,  and  fire  is  applied  to  the  ma- 
terials. When  the  sulphur  is  burned,  and 
the  chamber  is  replete  with  sulphurous  and 
nitrous  adds,  the  steam  of  water  is  thrown 
in,  in  determinate  quantity,  by  a  small  pipe 
at  the  side.  This  causes  a  tumultuous  mo- 
tion among  the  gases  and  the  atmospheric 
oxygen,  which  favours  the  mutual  reaction. 
As  the  steam  condenses,  the  sulphuric  add 
falls  with  it.  After  some  time,  the  chamber 
is  aired  by  Opening  valves  of  communication 
with  the  external  atmosphere.  The  operation 
is  then  commenced  anew. 

Instead  of  using  nitre,  nitrous  gas,  disen- 
gaged from  nitric  add  by  sugar  or  saw-dust, 
is  introduced  into  the  chamber  containing  the 
I  fumes  of  burning  sulphur,  whereby  the  che- 
mical reaction  above  described  is  produced ; 
and  then  steam  is  thrown  in  to  complete  the 
process,  and  condense  the  sulphuric  add. 
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Tbe  bottom  of  the  lead  cbaiAber  aboutd  Mott  deeidied  advmntigea.  Each  dumibflr  b 
never  be  coTcred  with  pure  water,  but  even  thus  maintained  at  a  temperature  nearly  uni- 
in  the  first  operation  with  a  dilute  add,  in-  form,  which  saves  the  injuries  often  donetotfae* 
troduced  on  purpose.  When  nitrous  add  plates  of  lead,  by  the  too  frequent  and  abrupt 
comes  into  contact  with  vrater  and  an  excess  expansions  and  contractions  in  the  intermiu 
of  atmospheric  oxygen,  it  is  converted  into  ting  plan.  The  nitre  basins  and  trays  are, 
nitric  add  and  nitrous  gas.  This  aeriform  for  the  same  reason,  not  so  rapidly  wasted, 
body  gets  more  oxygen,  and  changes  to  nit-  The  quantity  of  acid  obtained  is  greater,  by 
rous  add,  and  tliereafter  to  nitric  Hence,  nearly  a  third,  in  a  given  time,  with  an  equal 
a  chamber  with  its  bottom  covered  with  water,  capadty  of  chambers.  The  wages  of  labour 
will,  in  some  cases,  fail  in  produdng  any  is  also  less,  as  well  as  the  fuel  requisite  lior 
.sulf^uric  add  at  all.  Water,  moderately  burning  the  sulphur.  Indeed,  the  sulphur- 
charged  with  sulphuric  and  sulphurous  adds,  pan  or  sole  needs  heating  only  at  the  com- 
prevents  the  transition  of  the  nitrous  into  mencement  Tlie  dose  of  nitre  is  reduced 
,  nitric  add,  and  allows  the  process  of  addifi-  to  8  per  cent. 
.  cation  of  the  sulphur  to  go  on  freely.  But  nothing  is  easier  than  to  combine  the 

MM.   Fayen  and  Cartier  disengage  the  two  systems,  and  to  render  these  chambera 

nitrous  gas  in  the  midst  of  the  burning  sul-  intermittent,  by  gradually  obstructing  the  in- 

rpbur,  from  a  mixture  of  nitric  add  and  starch  gress  of  air  into  the  combustion  oven,  then 

contained  in  platinum  basins.    The  main  ol>-  intercepting  it  altogether,  and  throwing  in 

.jection  to  this  process,  is  the  difficulty  of  find-  steam,  condensing  the  add  vapours,   and 

ing  a  market  for  the  oxalic  add  produced.  thereafter  ventilating  the  air  of  tbe  chan»- 

Other  chemists  find,  that  it  answers  to  in-  bers. 
troduce  the  vapour  of  nitric  add  into  the         The  following  details  are  extracted  from  a 

fumes  of  the  burning  sulphur,  which  con-  paper  on  sulphuric  add,  which  I  published  in 

.  verts  it  into  nitrous  add ;  but  the  simplest  the  4Ah  volume  of  the  Journal  of  Sdence  and 

mode  of  effecting  this  object,  is  by  the  cast^  the  Arts. 

iron  basin  placed  over  the  burning  sulphur,         Commerdal  sulphuric  add  often  contains 

as  already  described.  from  one-half  to  three  quarters  of  a  part  in 

In  burning  the  sulphur,  care  should  be  the  hundred,  of  solid  saline  matter  fordgn  to 
taken  that  it  does  not  rise  in  flowera  by  mere  its  nature,  lliese  fractional  parts  consist  of 
sublimation ;  to  prevent  which,  the  ingress  sulphate  of  potash  and  lead,  in  the  prcqpor- 
of  air  should  be  proportional  to  the  heat  of  tion  of  four  of  the  former  to  one  of  the  lat- 
tbe  oven  plate  in  the  continuous  process,  ter.  Tbe  ordinary  acid  sold  in  the  shops 
The  presence  of  sulphur  in  the  add  would  contains  often  three  or  four  per  cent  of  sa- 
.  occasion  great  losses,  were  it  not  allowed  to  line  matter.  Even  more  is  occasionally  in- 
subside  by  repose ;  for  in  the  concentration  troduced,  by  the  employment  of  nitre,  to  ro- 
of the  sulphuric  add  by  beat,  the  sulphur  move  the  brown  colour  given  to  the  add  by 
would  convert  it  into  the  sulphurous  add,  caibonaceous  matter.  The  amount  of  these 
which  would  be  dissipated  in  the  air.  adulterations,  whether  acddental  or  fraudu- 

Tlie  following  form  of  apparatus,  as  used  lent,  may  be  readily  determined  by  evapo- 

by  MM.  Payen  and  Cartier,  has  been  lately  rating  in  a  small  capsule  of  porcelain,  or 

described  in  the  AnnaUs  de  VlnduUrie,  U  L  rather  platinum,  a  definite  wdght  of  the  add. 

It  consists  of  a  combustion  oven,  which  com-  The  platinum  cup,  placed  on  the  red  dnden 

.municates  with  a  first  chamber ;  this  ftends  of  a  common  fire,  will  give  an  exact  result 

forward  its  gases  into  a  second,  which  leads  in  five  minutes.     If  more  than  five  grains  of 

to  a  third,  and  this  to  a  fourth  when  neces-  matter  remain  from  five  hundred  of  add,  we 

sary.     But  the  fourth  chamber  does  not  im-  may  pronounce  it  sophisticated. 

,  mediately  support  the  chimney,  but  commu-         Distillation  is  the  mode  by  which  pure  oil 

nicates  with  it  by  a  long  sloping  canal.     In  of  vitriol  is  obtained.     This  process  is  des- 

the  first  chamber  the  add  is  kept  up  at  cribed  in  chemical  treatises  as  both  diflicult 

about  1.500 ;  in  the  second  at  1.370 ;  and  and  haxardous ;  but,  since  adopting  the  fol- 

in  the  third  at  1.130.     Tbe  floora  of  the  so-  lowing  phui,  I  have  found  it  perfectly  safe 

vera!  chambers  rise  in  succession,  so  that,  by  and  convenient.     I  take  a  plain  glass  retort, 

.means  of  syphons,  a  portion  of  the  add  may  capable  of  holding  from  two  to  four  quarts  of 

be  drawn  from  the  second  to  the  first,  and  water,  and  put  into  it  about  a  pint  measure 

from  the  third  to  the  second,  in  proportion  of  the  sulphuric  add,  (and  a  few  fragments  of 

.  as  the  add  is  let  off  out  of  the  first  for  the  glass),  connecting  the  retort  with  a  large  glo- 

purpose  of  concentration.     Steam  is  also  in-  bular  recdver,  by  means  of  a  glass  tube  four 

jected  constantly  into  the  terminal  canal,  and  feet  long,  and  from  one  to  two  inches  in  dia- 

occasionally  into  each  of  the  chambers,  to  fa-  meter.  The  tulie  fits  very  loosely  at  both  ends. 

■cilitate  the  condensation  of  add.  Hie  retort  is  pUced  over  a  charcoal  fire,  and 

In  comparing  this  and  other  forms  of  con-  the  flame  is  niade  to  play  gently  on  its  bot- 

tinuous  apparatus,  with  those  where  tbe  com-  torn.     When  the  add  begins  to  boil  smartly, 

bustion  is  made  to  intermit,  it  obviously  pre-  sudden  explosions  of  dense  vapour  rush  forth 
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to  tsme^  which  would  infiiUibly 
small  Tessels.      Here,  however,  these 
-espttDsioiis  are  safely  permitted,  by  the  large 
capacity  of  the  tetmrt  and  recdver,  as  well  as 
by  the  easy  communication  with  the  air  at 
both  ends  of  -the  adopter  tube.      Should  the 
•  reCort»  indeed,  be  exposed  to  a  great  intensity 
of  flame,  the  vapour  will  no  doubt  be  gene- 
rated with  incoercible  rapidity,  and  break  the 
-apparatus.     But  this  accident  can  proceed 
-ooly  firom  gross  imprudence.     It  resembles, 
io  suddenness,  the  explosion  of  gunpowder, 
and  illustrates  admirably  Dr  Black's  obser^ 
vatioo,  that,  but  for  the  great  latent  heat  of 
ateam,  a  mass  of  water,  powerfully  heated, 
would  explode  on  reaching  the  boiling  tem- 
peratore.     I  have  ascertained,  that  the  spe- 
cific caloric  of  thfe  vapour  of  sulphuric  add 
is  very  small,  and  hence  the  danger  to  whidi 
rash  operators  may  be  exposed  during  its 
'distiUation.     Hence,  also,  it  is  unnecessary 
to  surround  the  receiver  with  cold  water,  as 
when  alcohol  and  most  other  liquids  are  dis- 
tilted.     Indeed  the  application  of  cold  to  the 
bottom  of  the  receiver  generally  causes  it,  in 
the  present  operation,  to  crack.  By  the  above 
method,  I  have  made  the  concentrated  oil  of 
'vitriol   flow  over  in  a  continuous  slender 
stream,  without  the  globe  becoming  sensibly 
hot 

I  have  frequently  boiled  the  distilled  add 
till  only  one-half  remained  in  the  retort;  yet 
St  the  temperature  of  6(F  F^renhdt,  I  have 
never  found  the  spedfic  gravity  of  add  so 
concentrated  to  exceed  1.8455.  It  is,  I  be- 
lieve, more  exactly  1.8452.  The  number 
1.850,  which  it  has  been  the  fashion  to  assign 
for  the  demity  of  pure  oil  of  ritriol,  is  un- 
doubtedly very  erroneous,  and  ought  to  be 
corrected.  Genuine  commercial  add  should 
never  surpsss  1.8475 :  when  it  is  denser,  we 
may  infer  sophistication,  or  negligence,  in 
the  manulkcture. 

'Die  progressive  increase  of  its  density,  with 
saline  contamination,  will  be  shown  by  the 
following  experiments  :-*-To  4100  grains  of 
genuine  commerdal  add  (but  concentrated 
to  only  1.8350),  40  grains  of  dry  sulphate  of 
potash  were  added.  When  the  solution  was 
completed,  the  spedfic  gravity  at  60^  had 
become  1.8417.  We  see  that  at  these  den- 
sities the  addition  of  0.01  of  salt  increases 
the  spedfic  gravity  by  about  0.0067.  To 
the  above  4140  grains  other  80  grains  of 
sulphate  were  added,  and  the  spedfic  gravity, 
after  solution,  was  found  to  be  1.8526.  We 
percdve  that  somewhat  more  salt  is  now  re- 
quired to  produce  a  proportional  increase  of 
density ;  0.01  of  the  former  changing  the 
latter  by  only  0.0055.  Five  hundred  grains 
of  this  acid  bdng  evaporated  in  a  platinum 
oqMule^  left  I6§  grains,  whence  the  compod* 
tion  was 


Sulphate  of  potash,  with  a  litde  sulphate  of 

lead,        ....  aaO 

Water  of  dilution,         .        -         5.3 
Oil  of  vitriol  of  1.8485,        -        91.4 

100.0 
Thus,  add  of  1.8526,  which  in  commeree 
would  have  been  accounted  very  strong,  con- 
tained little  more  than  91  per  cent  of  genu- 
ine add. 

Into  the  last  add  more  sulphate  of  potash 
was  introduced,  and  solution  bdng  favoured 
by  digestion  in  a  moderate  heat,  the  spedfic 
gravity  became,  at  60^^,  1.9120.  Of  this 
compound,  300  grains,  evaporated  in  the 
platinum  capsule,  left  41  grsins  of  gently 
ignited  saline  matter.  We  have^  therefore* 
nearly  14  per  cent.  On  the  spedfic  grsvity 
in  this  interval,  an  increase  of  0.0054  was 
efl^ed  by  aOl  of  sulphates  Hiis  liquid 
was  composed  of  saline  matter,  .  14 
Water  of  dilution,  -  .  4.7 

Oil  of  vitriol  of  1.8485,  -        81.3 

100.0 
The  general  proportion  between  the  density 
and  impurity  may  be  stated  at  0.0055  of  tlie 
fbrmer,  to  0.01  of  the  hrtter. 

If  from  genuine  oil  of  vitriol,  containing  J 
of  a  per  cent  of  saline  matter,  a  considerable 
quantity  of  add  be  distilled  off,  what  remains 
in  the  retort  will  be  found  very  dense.  At 
the  spedfic  gravity  1.865,  such  add  con- 
tains 3i  of  solid  salt  in  the  100  parts.  The 
rest  is  pure  concentrated  add.  From  such 
heavy  acid,  at  the  end  of  a  fiew  days,  some 
minute  crystsls  will  be  depositedf  aflter  which 
its  spedfic  grarity  becomes  1.860,  and  its 
transparency  is  perfect.  It  contains  about 
8f  per  cent  of  saline  matter. .  Hence,  if  the 
chemist  employ  for  his  researches,  an  add 
which,  though  originally  pretty  genuine,  has 
been  exposed  to  long  ebullition,  he  will  fall 
into  great  errors.  From  the  last  experiments 
it  appears,  that  concentrated  oil  of  vitriol  can 
take  up  only  a  little  saline  matter  in  compa- 
rison with  that  which  is  somewhat  dilute. 
It  is  also  erident,  that  those  who  trust  to 
spedfic  gravity  alone,  for  asceriaioing  the 
value  of  oil  of  vitriol,  are  liable  to  great  im- 
positions. 

The  saline  impregnation  exerdses  an  im- 
portant influence  on  all  the  densities  at  sub- 
sequent degrees  of  dilution.  Thus,  the  heavy 
impure  concentrated  add,  specific  gravity 
1.8650,  being  added  to  water  in  the  propor- 
tion of  one  part  to  ten,  by  wdght  gave,  after 
twenty-four  hours,  a  compound  whose  sped« 
fie  gravity  was  1.064.  But  the  most  concen- 
trated genuine  acid,  as  well  as  distilled  add» 
by  the  same  degree  of  dilution,  namely  1  4- 
10,  acquires  the  spedfic  grarity  of  only 
1.0602,  while  that  of  1.852,  containing,  as 
stated  above,  3^  per  cent  of  sulphate  of  pot- 
ash combined  with  add  of  1.835^  gi^es,  on 
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^namiUur  d3utioii»  1.056. •  This-difif^rence, 
though  yery  obvious  to  good  instruments,  is 
inappreciable  by  ordinary  commercial  appi^ 
ratus.  Hence  tliis  mode  of  ascertaining  the 
value  of  an  acid,  recommended  by  Mr  Dal- 
ton,  is  inadequate  to  detect  a  deterioration 
of  even  8  or  9  per  cent.  Had  a  little  more 
salt  been  present  in  the  acid,  the  specific  gra- 
vis of  the  dilute,  in  this  case,  would  have 
equalled  that  of  the  genuine.  On  my  aci^ 
dieter  one  per  cent  of  deterioration  could 
not  fail  to  be  detected,  even  by  those  igno- 
rant of  science. 

The  quantity  of  oxide,  or  raUier  sulphate 
of  lead,  which  sulphuric  acid  can  take  up,  is 
much  more  limited  than  is  commonly  ima- 
gined. To  the  concentrated  oil  of  vitriol  I 
udded  much  carbonate  of  lead,  and  after  di^ 
gestion  by  a  gentle  heat,  in  a  dose  vessel,  for 
twenty-four  hours,  with  occasional  agitation^ 
its  specific  grarity,  when  taken  at  60^,  w^s 
«c»rcely  greater  than  before  the  experiment. 
It  contained  about  0.005  of  sulphate  of  lead. 

The  quantity  of  water  present  in  100  parts 
of  concentrated  and  pure  oil  of  vitriol,  seems 
to  be  pretty  exactly  18.46. 

In  the  experiments  executed  to  determine 
the  relation  between  the  density  of  diluted 
oil  of  ritriol  and  its  acid  strength,  I  em^ 
ployed  a  series  of  phials,  numbovd  with  a 
diamond.  Into  each  phial,  recently  boiled 
add,  and  pure  water,  were  mixed  in  the  suc- 
cessive proportions  of  99  -^  1,  98  -^  2, 
.97  <4-  3,  &c.  through  the  whole  range  of  di- 
gits down  to  1  acid  -^  99  water.  The  phials 
.were  occasionally  agitated  during  24  hours, 
after  which  the  spedfic  gravity  was  taken. 
The  add  viras  genuine  and  well  concentrated. 
Its  specific  gravity  was  1.8485.  Some  of 
the  phials  were  kept  with  thdr  add  contents 
for  a  week  or  two,  but  no  further  change  in 
^e  density  took  place.  Tlie  strongest  pos- 
sible dislUted  add  was  employed  for  a  few 
points,  and  gave  the  jsame  results  as  the 
other. 

Of  the  three  well-known  modes  of  ascer- 
taining the  specific  gravity  of  a  liquid,  name- 
ly, that  by  Fahrenhdt's  hydrometer;  by 
weighing  a  vessel  of  known  capadty  filled 


,with  it;  and  by  poising  aglaas ball,  su^pcn^- 
ied  by  a  fine  pladna  wire  from  the  arm  of  a 
delicate  balance— I  deddedly  prefer  the  last. 
The  oorrosiveness,  visddity,  and  wdght  of 
oil  of  vitriol,  render  the  first  two  methods 
indigible ;  whereas,  by  a  ball  floating  in  a 
liquid,  of  which  the  spedfic  gravity  does  not 
difiTer  much  from  its  own,  the  balance,  litda 
loaded,  retains  its  whole  sensibility,  and  will 
give  the  most  accurate  consistency  of  results. 

In  taking  the  spedfic  gravity  of  concen- 
trated or  slightly  diluted  add,  the  temperature 
must  be  minutely  regulated,  because,  from 
the  small  spedfic  heat  of  the  acid,  it  is  easily 
affected,  and  because  it  greatly  influences  the 
.density.  On  removing  the  thermometer,  it  ' 
wUl  speedily  rise  in  the  air  to  75^  or  80^ 
though  the  temperature  of  the  apartment  be 
only  60^.  Afterwards  it  will  slowly  &11  to 
perhaps  60^  or  629.  If  this  thermometer, 
having  its  bulb  covered  with  a  film  of  dilute 
acid,  (from  absorption  of  atmospheric  moisr> 
ture),  be  plunged  into  a  strong  add,  it  will 
instantly  rise  10°,  or  more,  above  the  real 
temperature  of  the  liquid.  Ihis  source  of 
embarrassment  and  occasional  error  is  obvi- 
ated by  wiping  the  bulb  after  every  immer- 
sion. An  elevation  of  temperature^  equal  to 
IQo  Fahr.  diminishes  the  density  of  oil  of 
vitriol  by  0.005 ;— 1000  parts  being  heated 
from  60°  to  2129,  become  1.043  in  volume^ 
as  I  ascertained  by  very  careful  experimeot& 
The  spedfic  gr.^vity,  which  was  1.848,  be- 
comes only  1.772,  bdng  the  number  corres- 
ponding to  a  dilution  of  14  per  cent  of  water. 
The  visddity  of  oil  of  vitriol,  which  below 
50°  is  such  as  to  render  it  difficult  to  deter- 
mine the  spedfic  gravity  by  a  floating  ball, 
diminishes  very  rapidly  as  the  temperature 
rises,  evindng  that  it  is  a  modification  of  cov 
hesive  attraction. 

Tlie  following  Table  of  Densities,  corra»> 
ponding  to  degrees  of  dilution,  was  the  re^ 
suit,  in  each  point,  of  a  particular  experiment, 
and  was  moreover  verified,  in  a  number  of 
its  terms,  by  the  further  dilution  of  an  add» 
previously  combined  with  a  known  propor- 
tion of  water.  The  balance  was  accurate 
and  sensible. 
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TABLE  of  the  QuantUy  of  Oil  of  VUriol  and  Dry  Sulphuric  Acid  in  100 
parts  ofDUtUe,  at  different  Densities,  by  Da-Uftf. 


Uqoid. 

Sp.  Or. 

Dry. 

Liquid. 

Sjp.Gr. 

Dry. 

TJqoU. 

S^  Or. 

Dry. 

100 

1.8485 

81.54 

66 

1.5503 

5a82 

32 

1.2334 

26.09 

99. 

1.8475 

80.72 

65 

1.5390 

5aoo 

31 

1.2260 

25.28 

98 

1.8460 

79.90 

64 

1.5280 

52.18 

30 

1.2184 

24.46 

97 

1.8439 

79.09 

63 

1.5170 

51.37 

29 

1.2108 

23.65 

96 

1.8410 

7a  28 

62 

1.5066 

50.55 

28 

1.2032 

22.83 

95 

1.8376 

77.46 

61 

1.4960 

49.74 

27 

1.1956 

22.01 

94. 

1.8336 

76.65 

60 

1.4^60 

4a  92 

26 

1.1876 

21.20 

93 

1.8290 

75.83 

59 

1.4760 

4aii 

25 

1.1792 

20.38 

92 

1.8233 

75.02 

58 

1.4660 

47.29 

24 

1.1706 

19.57 

91 

r.8179 

74.20 

57 

1.4560 

46.48 

23 

1.1626 

ia75 

90 

1.8115 

7a39 

56 

1.4460 

45.66 

22 

1.1549 

17.94 

89 

1.8043 

72.57 

55 

1.4360 

44.85 

21 

1.14^ 

17.12 

88 

1.7962 

71.75 

54 

1.4265 

44.03 

20 

1.1410 

1&31 

87 

1.7870 

70.94 

53 

1.4170 

4a22 

19 

1.1330 

15.49 

86 

1.7774 

70.12 

52 

1.4073 

42.40 

18 

1.1246 

14.68 

85 

1.7673 

69.31 

51 

1.3977 

41.58 

17 

1.1165 

ia86 

S^ 

1.7570 

68.49 

50 

I.ijOOv 

40.77 

16 

1.1090 

iao5 

83 

1.7465 

67.68 

49 

1.3788 

39.95 

15 

1.1019 

12.23 

82 

1.7360 

66.86 

48 

1.3697 

39.14 

14 

1.0953 

10.41 

81 

1.7245 

66.05 

47 

1.3612 

3a32 

13 

1.0887 

11.60 

80 

1.7120 

65.23 

46 

1.3530 

37.51 

12 

1.0609 

9.78 

79 

1.6993 

64.42 

45 

J.OVvi' 

36.69 

11 

1.0743 

a97 

78 

1.6870 

6a  60 

44 

1.3345 

35.88 

10 

1.0682 

a  15 

77 

1.6750 

62.78 

43 

1.3255 

35.06 

9 

1.0614 

7.34 

76 

1.6630 

61.97 

42 

1.3165 

34.25 

8 

1.0544 

6.52 

75 

1.6520 

61.15 

41 

1.3080 

3a43 

7 

1.0477 

5.71 

74 

1.6415 

60.34 

40 

1.2999 

32.61 

6 

1.0405 

4.89 

73 

1.6321 

59.52 

39 

1.2913 

31.80 

5 

1.0336 

4.08 

72 

1.6204 

5a71 

38 

1.2826 

30.98 

4 

1.0268 

a26 

71 

1.6090 

57.89 

37 

1.2740 

30.17 

3 

1.0206 

2.446 

70 

1.5975 

57.08 

36 

1.2654 

29.35 

2 

1.0140 

1.63 

69 

1.5868 

56.26 

35 

1.2572 

2a54 

1 

1.0074 

0.8154 

68 

1.5760 

55.45 

34 

1.2490 

27.72 

67 

l.dOxO 

54.63 

.S3 

1.2409 

26.91 

In  order  to  compare  the  densities  of  the 
preceding  dilute  acid,  with  those  of  distilled 
Mid  again  ooncentntfed  acid,  I  mixed  one 
part  of  the  latter  with  nine  of  pure  water, 
and,  after  agitation,  and  a  proper  interval 
to  ensure  thorough  combination,  I  found  its 
specific  gravity,  as  above,  1.0682:  greater 
density  indicates  saline  contamination. 
■  Dilute  acid,  having  a  specific  gravity  ^ 
1.6321,  has  suffered  the  greatest  condensa- 
tion; 100  parts  in  bulk  have  become  92.14. 
If  other  more  or  less  acid  exist  in  the  com- 
pound* the  volume  will  be  increased,  ^hat 
reason  can  be  assigned  for  the  maximum 
Qondensation  occurring  at  this  particular  term 
cif  dilution?  The  above  dilute  add  consists 
of  73  per  cent  of  oil  of  vitriol,  and  27  of 
water.  But  73  of  tlie  former  contains,  by  this 
t^le,  59.52  of  dry  add,  and  ia48  of  water. 
Meoce  100  of  the  dilute  add  consist  of 
59.52  of  dry  add,  +  1^^  X  3  =  40.44  of 
^ater  s=:  99.96 ;  or  it  is  ji  compound  of  one 
atom  of  dry  add,  ¥rith  three  atoms  of  yrater. 


Dry  sulphuric  add  consists  of  three  atoms 
of  oxygen  united  to  one  of  sulphur.  Here . 
each  atom  of  oxygen  is  assodated  with  one  of 
water,  forming  a  symmetrical  arrangement. 
We  may  therefore  infer,  that  the  least  devia.- 
tion  from  tiie  above  definite  proportions  must 
impair  the  balance  of  the  attractive  forces, 
whence  they  will  act  less  efficaciously,  and 
therefore  produce  less  condensation. 

The  very  minute  and  patient  examination 
which  I  was  induced  to  bestow  on  the  table 
of  spedfic  gravities,  disclosed  to  me  the 
general  law  pervading  the  whole,  and  con- 
sequently the  means  of  inferring  at  once  the 
density  from  the  degree  of  dilution, .  as  also 
of  solving  the  inverse  proportion. 
,  If  we  take  the  specific  gravity,  correspond- 
ing to  10  per  cent  of  oil  of  vitriol,  or  1.0682 
as  the  root ;  then  the  specific  gravities,  at  the 
successive  terms  of  20,  30,  40,  &c.  wiU  be 
the  successive  powers  of  that  root  The  terms 
of  dilution  are  like  logarithms,  a  series  of 
numbers  in  arithmetical  progressioo»  corses* 
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ponding  to  another  aerie%  namelj,  the  spe- 
cific gravities  in  geometrical  progression. 

The  simplest  logarithmic  formula  which  I 
hare  been  able  to  contrive  is  the  following : 

Log.  Sss  _. ,  where  S  is  the  specific  gravity, 

and  a  the  per-centage  of  add. 

And  a  s=  Log.  S  X  350. 

In  common  language  the  two  rules  may 
be  stated  thus : 

Problem  1st.  To  find  the  proportion  of 
oil  of  vitriol  in  dilute  acid  of  a  given  specific 
gravity.  Multiply  the  logarithm  of  the  spe- 
cific gravity  by  350,  the  product  is  directly 
the  per-centage  of  add. 

If  the  dry  add  be  sought,  we  must  multi- 
ply the  logarithm  of  the  spedfic  gravity  by 
285,  and  the  product  will  be  the  answer. 

Problem  2d.  To  find  the  specific  gravity 
corresponding  to  a  given  proportion  of  add. 
Multiply  the  quantity  of  add  by  2,  and 
divide  by  700;  the  quotient  is  the  logarithm 
of  the  specific  gravity. 

Table  of  Distilled  Sulphuric  Add  for  the 
higher  points,  bdow  which  it  agrees  with 
the  former  Table. 

Dry  JdtL 
81.63 
77.55 
7a47 
69.39 
65.30 
6L22 

Sulphuric  add  strongly  attracts  water, 
which  it  takes  from  the  atmosphere  very 
rapidly,  and  in  larger  quantities,  if  suffered 
to  remain  in  an  open  vessel,  imbibing  one- 
third  of  its  wdght  in  twenty-four  hours,  and 
more  than  six  times  its  wdght  in  a  twdve- 
month.  If  four  parts  by  wdght  be  mixed 
with  one  of  water  at  50°,  they  produce  an 
instantaneous  heat  of  300°  F. ;  and  four 
parts  raise  one  Of  ice  to  212° :  on  the  con- 
trary,  four  parts  of  ice,  mixed  with  one  of 
add,  sink  the  thermometer  to  4°  below  0. 
It  requires  a  great  d^ree  of  cold  to  freeze 
it;  and  if  diluted  with  half  a  part  or  more  of 
water,  unless  tlie  dilution  be  carried  very  far, 
it  becomes  more  and  more  difiScult  to  con- 
geal ;  yet  at  the  spedfic  gravity  of  1.78,  or 
a  few  hundredths  above  or  lielow  this,  it  may 
be  frosen  by  surrounding  it  with  melting 
snow.  Its  congelation  forms  regular  pris- 
matic crystals  with  six  sides.  Its  boiling 
point,  according  to  Bergman,  is  540° ;  ac- 
cording to  Dalton,  590°. 

Sulphuric  add  consists  of  three  prime 
equivdents  of  oxygen,  one  of  sulphur,  and 
one  of  water;  and  by  wdght,  therefore,  of 
3.0  oxygen  +  2.0  sulphur  -f-  1.125  water 
as  6.125,  which  represents  the  prime  equi- 
valent of  the  concentrated  h'quid  add ;  while 
3  4-  2  as  5,  will  be  that  of  the  dry  add. 


Uqwdjtcid  in  IQO. 

4».  Gr, 

•       100 

1.846 

95 

1.834 

90 

1.807 

85 

1.764 

80 

1.708 

75 

L650 

Pure  sulphuric  add  is  without  sqaell  and 
colour,  and  of  an  oily  consistence.  Its  ac- 
tion on  litmuses  so  strong,  that  a  single  drop 
of  acid  will  give  to  an  immense  quantity  of 
water  the  power  of  reddening.  It  is  %  most 
violent  caustic ;  and  has  sometimes  been  ad- 
ministered with  the  most  criminal  purposes. 
The  person  who  unfortunately  swallows  it, 
speedily  dies  in  dreadful  agonies  and  convul- 
sions. Chalk,  or  common  carbonate  of  mag- 
nesia, is  the  best  antidote  for  this,  as  well  aa 
for  the  strong  nitric  and  muriatic  adds. 

When  transmitted  through  an  ignited  por- 
celdn  tube  of  one-fifth  of  an  inch  diameter^ 
it  is  resolved  into  two  parts  of  sulphurous 
add  gas,  and  one  of  oxygen,  gas,  with  water- 
Voltaic  electridty  causes  an  evolution  of  sul- 
phur at  the  negative  pole ;  whilst  a  sulphate 
of  the  metallic  wire  is  formed  at  the  pokitive. 
Sulphuric  add  has  no  action  on  oxygen  gas 
or  air.  It  merely  abstracts  their  aqueoua 
vapour. 

If  the  oxygenized  muriatic  add  of  M. 
Thenard  be  put  in  contact  with  the  sulphate 
of  silver,  there  is  immediately  formed  in- 
soluble chloride  of  diver,  and  oxygenized 
sulphuric  add.  To  obtain  sulphuric  add 
in  the  highest  degree  of  oxygenation,  it  is 
merely  necessary  to  pour  baryte  water  into 
the  above  oxygenized  add,  so  as  to  predpi- 
tate  only  a  part  of  it,  leaving  the  rest  in 
union  with  the  whole  of  the  oxygen.  Oxy- 
genized sulphuric  add  partially  reduces  the 
oxide  of  silver,  occasioning  a  strong  effer- 
vescence.    See  Acid. 

All  the  simple  combustibles  decompose 
sulphuric  add,  with  the  assistance  of  heat. 
At  about  400^  Fahr.  sulphur  converts  sul- 
phuric into  sulphurous  add.  Several  metals 
at  an  elevated  temperature  decompose  this 
add,  with  evolution  of  sulphurous  add  gas, 
oxidizement  of  the  metel,  and  combination  of 
the  oxide  with  the  undecomposed  portion  of 
the  acid. 

Sulphuric  add  is  of  very  extensive  use  in 
the  art  of  chemistry,  as  well  as  in  metallorgyy 
bleaching,  and  some  of  the  processes  for  dye- 
ing; in  medidne  it  is  given  as  a  tonic  and 
stimulant,  and  is  sometimes  used  externally 
as  a  caustic. 

The  combinations  of  this  add  with  the 
various  bases  are  called  sulphates,  and  most 
of  them  have  long  been  known  by  various 
names.  With  ba^te  it  is  found  native  and 
neariy  pure»  in  various  forms.  (See  Hbaty 
Spar,)  It  may  be  artificially  formed  by  drop- 
ping a  solution  of  an  alkaline  sulphate  into- 
the  solution  of  muriate  or  nitrate  of  baryta.  - 
It  forms  a  white  powder  which  suffcre  no 
change  by  the  action  of  the  air,  and  is  there- 
fore sometimes  used  in  water-colour  painting. 

It  consists,  according  to  Dr  Wollaston,  of 
5  parts  of  dry  add,  and  9.75  of  baryta.  It 
requires  43,000  parts  of  water  to  dissolve  it 
at  60°. 


ACID 


103 


SULPiHUftIC 


So^ihate  of  strontia  has  a  coDsidenblt 
memblance  to  that  atbwyttL  in  its  propertiea. 
It  is  found  native  in  considerable  quantities 
at  Auat  Pnssnge  and  other  places  in  the 
ncigfabouriiood  of  Bristol     It  requires  3840 
ports  of  boiling  water  to  dissolve  it. 
Its  oomposition  is  5  acid  -f-  ^^  base- 
Sulphate  of  potash,    formerly  vUriohled 
taaUoTf  crystallises  in  hexaedral  prisms,  ter- 
minated by  hexagonal  pyramids,  but  suscep- 
tible  of  variations.   ItscrystaHisationbyquidL 
cooling  is  confused.    Its  taste  is  bitter,  acrid, 
and  a  little  saline.    It  is  soluble  in  five  parts 
of  boiling  water,  and  sixteen  parts  at  00°. 
In  the  fire  it  decrepitates,  and  is  fusible  by  a 
strong  beat.    It  is  decomposable  by  chamwl 
■t  m  hi^  temperature.     It  may  be  prepared 
by  direct  mixture  of  its  component  parts; 
bat  the  usual  and  cheapest  mode  is  to  ignite 
the  addnlous  sulphate  left  after  distilling  ni- 
tric add.     The  nU  poltfchrtU  of  old  dispen- 
aatories,  made  by  deflagrating  sulphur  and 
nitre  in  a  crudfaie^  was  a  compound  of  the 
svlphate  and  sulphite  of  potash.     The  ad- 
dnloua  sulphate  is  sometimes  employed  as  a 
Ausy  and  likewise  in  the  manufacture  of  alum. 
In  medidne  the  neutral  salt  is  sometimes  used 
as  a  mild  cathartic. 

It  consists  of  5  add  -f-  0  base ;  but  there 
is  a  compound  of  the  same  constituents,  in 
the  proportion  of  10  add  -|-  6  potmh,  called 
the  bi-snlphate. 

Sulphate  of  soda  is  the  well  known  Glau" 
h€r*a  tall*  It  is  commonly  prepared  from  the 
residuum  left  after  distilbig  muriatic  acid, 
the  superfluous  add  of  which  may  be  ex- 
pelled by  ignition ;  and  is  likewise  obtained 
in  the  manufacture  of  the  muriate  of  am- 
monia. (See  Ammonia.)  It  existe  in  large 
quantities  under  the  sur&ce  of  the  earth  in 
aome  countries,  as  Penia,  Bohemia,  and 
Switaeriand ;  is  found  mixed  with  other  sub- 
-stanoes  in  minenl  springs  and  aea  water ;  and 
sometimes  eflBoresces  on  walls.  Sulphate  of 
soda  is  bitter  and  saline  to  the  tsste.  It  is 
aohiMc  in  8.85  parts  of  cold  water,  and  0.8 
at  a  boiling  heat ;  it  crystallizes  in  hexagonal 
prisma  bevelled  at  the  extremities,  sometimes 
groofved  longitudinally,  and  of  very  laige  sise, 
when  the  quantity  is  great :  theae  efiloresoe 
completdy  into  a  white  powder  if  exposed  to 
a  dry  air,  or  even  if  kept  wrapped  up  in  pa- 
per in  a  dry  place;  yet  they  retain  suflident 
water  of  cfystallisation  to  undergo  the  aqu». 
ous  ftision  on  exposure  to  heat,  but  by  urg- 
ing the  flre^  melt  Baryta  and  strontia  take 
its  add  from  it  entirely,  and  potash  partially ; 
the  nitric  and  muriatic  adds,  though  they 
have  a  weaker  affinity  for  its  base,  combine 
with  a  part  of  it  when  digested  on  it.  Heat- 
ed with  charcoal  its  add  u  decomposed.  As 
a  purgative  its  use  is  very  general ;  and  it 
has  been  employed  to  ftimi^  soda.  Pigot 
dee  Oiames  has  made  some  experiments  on 
it  in  fabgicatiBg  glawt  with  sand,  alone  it 


would  not  succeed,  but  equal  parts  of  car- 
bonate of  lime,  sand,  and  dried  sulphate  of 
soda,  produced  a  clear,  solid,  pale  yellow 


It  is  composed  of  5  add  -^  4  base  •f- 
1 1.25  water  in  crystals ;  when  dry,  the  former 
two  primes  are  its  constituents. 

A  difference  in  the  temperature  at  which 
a  solution  of  sulphate  of  soda  is  evaporated, 
will  cause  the  formation  of  the  ordinary  hy- 
drated  crystals  or  anhydrous  crystals,  at  plea- 
sure. When  hydrated  crystals  of  soda  are 
carefully  melted,  a  portion  dissolves  and  a 
portion  separates;  the  latter  in  an  anhydrous 
state. 

Sulphate  of  soda  and  sulphate  of  ammom'a 
form  together  a  triple  salt. 

Sulphate  of  lime,  teUniie,  gypsum,  plaster 
i^PariSj  or  sometimes  alabaster,  forms  exten- 
fiive  strata  in  various  mountains.     See  Gyp:. 

SUM. 

It  requires  500  parts  of  cold  water,  and 
450  of  hot,  to  dissolve  it  When  caldned,  it 
decrepitates,  becomes  very  friable  and  white, 
and  heats  a  little  witli  water,  vrith  which  it 
forms  a  solid  mass.  In  this  process  it  loses 
its  water  of  crystallization.  The  caldned  suK 
pluite  is  much  employed  for  making  casts  of 
anatomical  and  ornamental  figures;  as  one 
of  the  bases  of  stucco ;  as  a  fine  cement  for 
making  dose  and  strong  joints  between  stone, 
and  joining  rims  or  tops  of  metal  to  glass; 
for  making  moulds  for  the  Staffordshire  pot- 
teries; for  cornices,  mouldings,  and  other 
ornaments  in  building.  For  these  purposes,, 
and  for  bdng  wrought  into  columns,  chim- 
ney-pieces, and  various  ornaments,  sbout  eight 
hundred  tons  are  raised^  annually  in  Deri^y- 
shire,  where  it  is  cslled  alabaster.  In  Ame- 
rica it  is  laid  on  grass  land  as  a  manure. 

Ordinary  crystallized  gypsum  consists  of 
5  sulphuric  add  4-  3.5  lime  .^2.25  water-; 
the  anhydrous  variety  wants  of  course  the  last 
ingredient 

Sulphate  of  magnesia  is  commonly  known 
by  the  name  of  Epsom  salt,  as  it  was  fui*- 
nished  in  conuderable  quantity  by  the  mine- 
ral water  at  that  place^  mixed,  however,  with 
a  considerable  portion  of  sulphate  of  sods. 
It  is  afforded,  however,  in  greater  abundance, 
and  more  pure,  from  the  bittern  left  after  the 
extraction  of  salt  fixnn  sea  water.  It  has  like- 
vrise  been  found  efflorescing  on  brick  walls, 
both  old  and  recently  erected,  and  in  small 
quantity  in  the  ashes  of  coals.  Hie  capil- 
lary salt  of  Idria,  found  in  silvery  crystals 
mixed  with  the  aluminous  schbt  in  the  mines 
of  that  place,  and  hitherto  considered  as  a 
feathery  alum,  has  been  ascertained  by  Klap- 
roth  to  consist  of  sulphate  of  magnesia,  mix- 
ed with  a  small  portion  of  sulphate  of  iron. 
When  pure  it  crystallizes  in  small  quadran- 
gular prisms,  terminated  by  quadrangular 
pyramids  or  dfedral  summits.  Its  taste  Js 
cod  and  bitter.   It  is  very  soluble^  requiring 
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pnly  an  equal  wei^t  of  cold  watar>  and  three-  recently  known,  and  it  was  fint  attentifdy 
fourths  its  weight  of  hot.  It  effloresces  in  examined  by  Vauquelin.  It  may  be  made 
tbe  air,  though  but  slowly.  If  it  attract  mois-  l^y  dissolving  pure  alumina  in  pure  sulphuric 
ture,  it  contains  muriate  of  magnesia  or  of  acid,  heaUng  them  for  some  time,  eraporaU 
)ime.  Exposed  to  heat,  it  dissolves  in  its  ing  the  solution  to  diyness,  drying  the  reai<. 
own  water  of  crystallization,  and  dries,  but  is  duum  with  a  pretty  strong  heat,  redissolving 
not  decomposed,  nor  fused,  but  with  extreme  it,  and  crystallizing.  Its  crystab  are  soft, 
difficulty.  It  consists,  according  to  Berg-  foliaceous,  shining,  and  pearly;  but  these  are 
man,  of  33  add,  19  magnesia,  48  water.  A  not  easily  obtained  without  cautious  evaporv 
very  pure  sulphate  is  said  to  be  prepared  in  tion  and  refrigeration.  They  have  an  astrin- 
the  neighbourhood  of  Genoa,  by  roasting  a  gent  taste ;  are  little  alterable  in  the  air ;  are 
pyrites  found  there,  exposing  it  to  the  air  in  pretty  soluble^  particularly  in  hot  water;  give 
a  covered  place  for  six  months,  watering  it  out  their  acid  on  exposure  to  a  high  tempe- 
occasionally,  and  then  lixiviating.  ratuie;  are  decomposable  by  combustible  sub- 

Sulphate  of  magnesia  is  one  of  our  most     stances,  though  not  readily ;  and  do  not  focm 
valuable  purgatives ;  for  which  purpose  only     a  pyrophorus  like  alum, 
it  is  used,  and  for  furnishing  the  carbonate  <^        If  the  evaporation  and  desiccation  directed 
magnesia.  above  be  omitted,  the  alumina  will  remain 

It  is  composed  of  5  add  4*  ^^  magnesia     supersaturated  with  add,  as  may  be  known 
-^  7.875  water,  iu  the  state  of  crystals.  by  its  taste^  and  by  its  reddening  vegetable 

Sulphate  of  ammonia  crystallizes  in  slen-  blue.  This  is  still  more  difficult  to  crystal* 
der,  flattened,  hexaedral  prisms,  terminated  lize  than  the  neutral  salt,  and  frequently 
by  hexagonal  pyramids ;  it  attracts  a  little  thickens  into  a  gelatinous  mass, 
nunsture  from  very  damp  air,  particularly  if  A  compound  of  addulous  sulphate  of  alu- 
the  add  be  in  excess ;  it  dissolves  in  two  parts  mina  with  potash  or  ammonia  has  long  been 
of  cold  and  one  of  boiling  water.  It  is  not  known  by  the  name  of  Aldil  See  Aur* 
used,  though  Glauber,  who  called  it  his  tecrei     mina. 

ammoniacal  $aU,  vaunted  its  excellence  in         If  this  addulous  sulphate  or  alum  be  dia- 
aasaying.  solved  in  water,  and  boiled  with  pure  alu- 

It  consists  of  5  add  4*  ^  1^  ammonia  -4-  mina,  the  alumina  will  become  saturated  with 
1. 125  water  in  its  most  desiccated  state ;  and  its  base,  and  fall  down  an  insipid  white  pow* 
in  its  crystalline  state  of  5  add  .^  2. 125  am-  der.  This  salt  is  completdy  insoluble^  and 
monia  4-  3.375  water.  is  not  deprived  of  its  add  by  heat  but  at  a 

If  sulphate  of  ammonia  and  sulphate  of  very  high  temperature.  It  may  be  deoooH 
magnesia  be  added  together  in  solution,  they  posed  by  long  boiling  with  the  alkaline  or 
combine  into  a  triple  salt  of  an  octaedral  earth  bases ;  and  several  adds  convert  it  into 
figure,  but  varying  much ;  less  soluble  than  common  alum,  but  slowly, 
either  of  its  component  parts;  unalterable  in  Sulphate  of  zirconia  may  be  prepared  by 
the  air ;  undergoing  on  the  fire  the  watery  adding  sulphuric  add  to  the  earth  recently 
fusion ;  after  which  it  is  decomposed,  part  of  predpiteted,  and  not  yet  dry.  It  is  sometimea 
the  anunonia  flying  off,  and  the  remainder  in  small  needles,  but  commonly  pulverulent; 
subliming  with  an  excess  of  acid.  It  con-  very  friable;  insipid;  insoluble  in  water, un- 
tains,  according  to  Fourcroy,  68  sulphate  of  less  it  contain  some  add ;  and  easily  deiXMn- 
magnesia  and  32  sulphate  of  ammonia.  posed  by  heat. 

Sulphate  of  gludna  crystallizes  with  diffi.  ACID  (SULPHUROUS).  Hiis  add  is 
culty,  its  solution  readily  acquiring  and  re-  formed  by  the  ordinary  combustion  of  sul- 
taining  a  syrupy  consistence ;  its  taste  is  sweet,  phur  in  the  open  air :  but  it  can  be  obtained 
and  slightly  astringent ;  it  is  not  alterable  in  most  purely  and  conveniently  by  digesting 
the  air;  a  strong  beat  expels  its  acid,  and  mercury  in  sulphuric  add,  with  heat,  in  a  re- 
leaves  the  earth  pure ;  heated  with  charcoal  tort.  Tbe  metal  beeomes  oxidised,  and  su^ 
it  forms  a  sulphuret ;  infusion  of  galls  forms  phurous  add  gas  is  disengaged  with  efferp- 
a  yellowish-white  precipitate  with  its  solu*  vescence.  M.  Berthier  hi»  recently  shown 
tion.  that  sulphurous  add  gas  may  be  obtained 

Yttria  is  readily  dissolved  by  sulphuric  very  pure,  and  abundantly,  by  heating  a  mix- 
add  ;  and  as  the  solution  goes  on,  the  sul-  ture  of  twelve  or  fourteen  parts  of  sublimed 
phate  crystallizes  in  small  brilliant  grains,  sulphur,  and  a  hundred  parts  of  peroxide  of 
which  have  a  sweetish  taste,  but  less  so  than  manganese,  in  a  glass  retort.  Tbe  residue  in 
sulphate  of  gludna,  and  are  of  a  light  ame-  the  retort  is  not  a  sulphuret  of  manganeae^ 
thyst-red  colour.  They  require  30  parts  of  but  a  protoxide  of  that  metal,  mixdl  with 
cold  water  to  dissolve  them,  and  give  up  thdr  a  little  sulphate^  and  sometimes  a  little  sul- 
acid  when  exposed  to  a  high  temperature,  phur.— ^nn.  de  Ckim.  et  de  PAys.  xxiv.  27& 
.  They  are  decomposed  by  oxalic  add,  prus-  Tbe  gas  may  be  collected  over  quicksilver, 
siate  of  potash,  infusion  of  galls,  and  phos-  or  reodved  into  water,  which,  at  the  tempo- 
pbate  of  soda.  rature  of  6F,  wUl  absorb  33  times  its  bulk, 

Sulphate  of  alumina  in  its  pure  state  is  but    or  nearly  an  eleventh  of  its  weight. 
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.  Wftter  thus  nturated  is  intensely  acid  to 
the  tsste^  and  has  tiie  smell  of  sulphur  burn- 
ing slowly.  It  destroys  nxMt  regetable  co- 
lours, but  the  blues  are  reddened  by  it  pre- 
yfiooM  to  their  being  discharged.  A  pleasing 
instsncie  of  its  cflfect  on  colours  may  be  ex- 
hibited by  holding  a  red  rose  over  the  blue 
£ame  of  a  common  match,  by  which  the  co- 
lour will  be  discharged  whercTer  the  sulphur- 
ous acid  comes  into  cimtact  with  it,  so  as  to 
it  beautifully  vari^ated,  or  entirely 
If  it  be  then  dipped  into  water,  the 
sedncss  after  a  time  will  be  restored. 

The  specific  grsvity  of  sulphurous  acid 
gas,  as  given  by  MM.  Ihenard  and  Gay 
LoBsac,  is  2.2553,  but  by  Sir  H.  Davy  is 
2.8205,  and  hence  100  cubic  inches  weigh 
68  grains;  but  its  spec.  gr.  roost  probably 
dMNild  be  e^imated  at  2.822,  and  the  weight 
of  100  cubic  inches  will  become  67.777.  Its 
constituents  by  volume  are^  one  of  oxygen, 
and  one  of  vapour  of  sulphur;  each  having 
m  spec.  gr.  of  l.lil,  condensed  so  that  both 
volumes  occupy  only  one.  Or,  in  popular 
langui^^  sulphurous  arid  may  be  said  to 
^ft  a  solutioo  of  sulphur  in  oxygen,  which 
doubles  the  weight  oif  this  gas  without  aug- 
menting its  bulk.  It  obviously,  therefore, 
consists  by  weight  of  equal  quantities  of  the 
two  constituents.  Its  equivalent  will  either 
he  2  oxygen  -^  2  sulphur  a=  4.0 ;  or  1  oxy- 
gen -f-  1  sulphur  :=  2.  Now  the  analysis  of 
sulphite  of  baryta  by  Berselius  gives  209.22 
base  to  86.53  acid;  whiofar  bong  reduced, 
presents  for  the  prime  equivalent  of  sulphur- 
ous add  the  number  4.  Hydrogen  and  car- 
bon readily  decompose  sulphurous  add  at  a 
led  heat,  and  even  under  it.  Mr  Higgins 
discovered,  that  liquid  sulphurous  add  dis- 
solves iron,  without  the  evolution  of  any  gas. 
The  peroxides  of  lead  and  manganese  furnish 
oxygen  to  convert  it  into  sulphuric  acid,  which 
Ibrms  a  sulphate  with  the  resulung  metallic 
proloxide. 

Sulphurous  add  is  used  in  bleaching,  par- 
ticularly for  silks.  It  likewise  discharges  ve- 
getable stains  and  iroo>moulds  irom  linen. 

In  combination  with  the  salifiable  bases,  it 
Ibnns  sulphites,  which  differ  from  the  sul- 
phates in  their  properties.  The  alkaline  sul- 
phites, are  more  soluble  than  the  sulphates, 
the  earthy  less.  They  are  converted  into  sul- 
phates by  an  addition  of  oxygen,  which  they 
acquire  even  by  exposure  to  the  air.  llie 
ffylphki*  of  lime  u  the  slowest  to  undergo 
this  change.  A  strong  heat  dther  expels  their 
add  entirely,  or  converts  them  into  sulphates. 
l!liey  have  all  a  sharp,  disagreeable,  sulphur- 
ous taste.  The  best  mode  of  obtaining  them 
is  by  recdving  the  sulphurous  add  gas  into 
vrater,  holding  the  base,  or  its  carbonate, 
in  solution,  or  diffused  in  it  in  fine  powder. 
None  of  them  bas  yet  been  applied  to  any 
use  in  the  arts. 

By  putting  sulphuric  add  and  mercury 


into  the  sealed  end  of  a  glass  tube  recurved^ 
then  sealing  the  other  end,  and  applying  heat 
to  the  former,  Mr  Faraday  obtained  a  liquid 
sulphurous  add.— <P*.  Tr.  1823.)  M.  Bus- 
sy  {Ann.  de  Qdm.for  Matf  1624)  says,  that 
he  liquefied  the  same  gas,  by  tnnsmttting  it 
through  fused  chloride  of  caldum  into  a  flask 
surrounded  with  a  mixtniie  of  ice  and  salt* 
It  renuutts  in  a  liquid  state  in  the  sir  at  the 
temperature  of  0^  F.  It  is  a  colourless,  trans^ 
parent,  and  very  volatfle  liquid,  of  a  spedfic 
gravity  =  1.45.  It  boils  at  14°  F. ;  but  in 
consequence  of  the  cold  produced  by  the  eva* 
poration  of  the  portion  that  flies  off,  the  re^ 
sidue  remdns  liquid.  It  causes  a  feeling  of 
intense  cold  when  dropped  on  the  hand.  By 
evaporation  of  the  add  m  vacuo,  M.  Bussy 
froze  alcohol,  sp.  gr.  0.850. 

M.  A.  de  la  Kiv^  while  experimenting 
upon  the  liquefaction  of  sulphurous  add  by 
cold,  remarked  the  formation  of  crystals  in 
several  cases,  which  he  afterwards  found  to 
be  hydrated  sulphurous  add,  analogous  to 
those  of  hydrate  of  chlorine. 

ACID  (HTPOSULPHUROUS).     In 
the  85th  volume  of  the  Annales  de  Chimie, 
M.  Gay  Lussac  describes  permanent  crystal- 
lizable  salts  having  lime  and  strontia  for 
their  base;  combined  with  an  acid  of  sulphur, 
in  which  the  proportion  of  oxygen  is  less  thatt 
in  sulphurous  add ;  but  this  add  he  does  not 
seem  to  have  examined  in  a  separate  state. 
Those  salts  were  procured  by  exposing  solu- 
tions of  the  sulphurets  of  the  earths  to  the 
air,  when  sulphur  and  carbonate  of  lime  pre- 
cipiteted.     When  the  filtered  liquid  is  then 
evaporated,  and  cooled,  colourless  crystals 
form.    The  calcareous  are  prismatic  needles^ 
and  those  with  strontia  are  rhomboidal.    He 
called  these  new  compounds  sulphuretted  euU 
phites.     Those  of  potash  and  soda  he  also 
formed  by  heating  their  sulphites  with  sul- 
phur; when  a  quantity  of  sulphurous  add 
was  disengaged,  and  neutral  salts  were  form- 
ed.    M.  Gay  Lussac  farther  informs  us,  that 
boiling  a  solution  of  a  sulphite  with  sulphur, 
determines  the  formation  of  the  sulphuretted 
sulphite,  or  hyposulphite ;  and  tliat  iron,  zim^ 
and  manganese,  treated  with  liquid  sulphur- 
ous acid,  yield  sulphuretted  sulphites :  fhns 
which  it  follows,  that  a  portion  of  the  sul- 
phurous add  is  decomposed  by  the  metal, 
and  that  the  resulting  oxide  combines  with 
the  other  portion  of  the  sulphurous  add  and 
the  liberated  sulphur.   The  hyposulphites  are 
more  permanent  than  the  sulphites ;  they  do 
not  readily  pass  by  the  action  of  the  air  into 
the  stete  of  sulphate ;  and  though  decompos- 
able at  a  high  heat,  they  resist  the  action  of 
fire  longer  than  the  sulphites.     Tliey  are  d»* 
imposed  in  solution  by  the  sulphuric,  mu- 
riatic, fluoric,  phosphoric,  and  arsenic  adds^ 
sulphurous  add.  is  evolved,  sulphur  is  precis 
pitated,  and  a  new  salt  is  formed.     Such  is 
the  account  given  of  these  by  M.  Gay  Lussac, 


ACID 


109 


HYPOSULPHLROU& 


imd  copied  ioto  the  second  Toluroe  of  the 
Tnut^  de  Chimie  of  M«  Hienardt  published 
in  181i. 

No  additional  information  was  communi- 
cated to  the  worid  on  this  subject  till  January 
1819,  when  an  ingenious  paper  on  the  hypo- 
sulphites appeared  in  the  Eidinburgh  Fbilo- 
imphical  Journal,  followed  soon  by  two  others 
in  the  same  periodical  work,  by  Mr  Hers- 
cheL 

In  order  to  obtain  hypoaulphurous  acid, 
Ifr  Herschel  mixed  a  dilute  solution  of  hy- 
posulphite of  strootia  with  a  slight  excess 
of  dilute  sulphuric  acid,  and  after  agitation 
poured  the  mixture  on  three  filtera.  The 
first  was  received  into  a  solution  of  carbonate 
of  potash,  from  which  it  expelled  carbonic 
acid  gas.  Tlie  second  portion  being  received 
successively  into  nitrates  of  silver  and  mer- 
cury, precipitated  the  metals  copiously  in  the 
state  of  sulphureta,  but  produced  no  effect  on 
solutions  of  copper,  iron,  or  sine  Tlie  third, 
lieipg  tasted,  was  add,  astringent,  and  bitter. 
When  fresh  filtered,  it  was  clear;  but  it  be- 
came milky  on  standing,  depositing  sulphur, 
and  exhaling  sulphurous  acid.  A  moderate 
exposure  to  air,  or  a  gentle  heat,  caused  its 
entire  decomposition. 

The  hsbitudes  of  oxide  of  silver  in  union 
with  this  sdd,  are  very  peculiar.  Hyposul- 
phite of  soda  being  poured  on  newly  predpi- 
tated  oxide  of  silver,  hyposulphite  of  silver 
was  formed,  and  caustic  soda  eliminated; 
the  only  instance,  says  Mr  Herschel,  yet 
known,  of  the  direct  displacement  of  a  fixed 
alkali  by  a  metallic  oxide,  via  humidti*  On 
the  other  hand,  hyposulpJiurous  add  newly 
disengaged  from  the  hyposulphite  of  bsryta 
by  dilute  sulphuric  add,  readily  dissolved,  and 
decomposed  muriate  of  silver,  forming  a  sweet 
solution,  from  which  alcohol  separated  the 
metal  in  the  state  of  hyposulphite.  <<  Hius 
the  affinity  between  this  add  and  base^ 
unaitiited  by  any  double  decomjwsiUon,  is 
such  as  to  form  an  exception  to  aJl  the  ordi- 
nary rules  of  chemical  union.'*  Hiis  add 
has  a  remarkable  tendency  to  form  double 
sslts  with  the  oxides  of  silver  and  alkaline 
bases.  The  hyposuliriiite  of  silver  and  soda 
lias  an  intensely  sweet  taste.  When  hyposuU 
phite  of  ammonia  is  poured  on  muriate  of 
silver,  it  dissolves  it ;  and  if  into  the  saturated 
solution  alcohol  be  poured,  a  white  salt  is 
predpitated,  which  must  be  fordbly  squeexed 
-between  blotting  paper,  and  dried  in  vacuo. 
It  is  very  soluble  in  vrater.  Its  sweetness  is 
unmixed  vrith  any  other  flavour,  and  so  in- 
tense as  to  cause  pain  in  the  throat.  One 
grain  of  the  salt  communicates  a  perceptible 
sweetness  to  32,000  grains  of  water.  If  the 
alcoholic  liquid  be  evaporated,  thin  lengthen- 
ed hexangular  plates  are  sometimes  filmed, 
which  are  not  altered  by  keeping,  and  consist 
of  the  same  prindples. 

ILe  best  way  of  obtaining  the  alkaline 


hyposulphites,  Is  to  pass  a  current  of  sulphu- 
rous sdd  gas  through  a  Itrivwrn,  formed  bf 
boiling  a  watery  solution  of  alkali,  or  alkaUno 
earth,  along  with  sulphur.  The  whole  of  the 
sulphurous  add  is  converted  into  die  hypo* 
sulphite,  and  pure  sulphur,  unmixed  with  any 
sulphite,  is  predpitated,  while  the  hyposuU 
phite  remains  in  solution. 

Mr  Herschel,  from  his  experiments  on  the 
hyposulphite  of  lime,  has  deduced  the  prime 
equivalent  of  hypoaulphurous  add  to  bo 
59.25.  He  found  that  100  parts  of  crystals 
lized  hyposulphite  of  lime  were  equivalent  to 
181.77  hyposulphite  of  lead,  and  yielded  of 
carbonate  of  lime,  by  carbonate  of  ammooiaa 
a  quantity  equivalent  to  21.75  gr.  of  lime^ 
Hierefore  the  theory  of  equivalent  ratios  gives 
us  this  rule  ;— 

As  21.75  gr.  lime  are  to  its  prime  equiv»« 
lent  3.S,  so  are  121.77  gr.  of  hyposulphite  of 
lesd  to  iiM  prime  equivalent  In  numben 
21.75  :  a5  :  :  121.77  :  19.6.  From  this 
number,  if  we  deduct  the  prime  of  the  oxide 
of  lead  ss  l^  the  remainder  5.6  will  be  the 
double  prime  of  hyposulphurous  sdd.  Now 
this  number  does  not  differ  very  ftar  from  6« 
Hence  we  see  that  the  hyposulphites^  for 
thdr  neutral  condition,  require  of  this  feeble 
add  2  prime  proportions.  One  prime  pro» 
portion  of  it  is  obviously  made  up  of  one 
prime  of  sulphur  s:  2,  -^  1  oxygen  :^  1  ( 
and  the  add  equivalent  is  ss  3.  The  ays- 
talUxed  hjrposuJphite  of  lime  is  composed  of 
6  sdd  -(.  a5  lime  +  6.75  water,  being  six 
primes  of  the  last  constituent. 

It  ought  to  be  ststed,  thst  when  a  solution 
of  a  hyposulphite  is  boiled  down  to  a  certsia 
degree  of  concentration,  it  begins  to  be  rapidly 
decomposed,  vrith  the  deposition  of  sulphur 
and  sulphite  of  lim&  To  obtain  the  salt  in 
crystals,  the  solution  must  be  evaporated  at  h 
temperature  not  exceeding  140^  Fahr.  If  it 
be  then  filtered  while  hot,  it  will  yield,  on 
cooling,  large  and  exceedingly  beautiful  ci^s- 
tsls,  which  sssuroe  a  great  variety  of  compli- 
cated forms.  They  are  soluble  in  nearly 
their  own  wdght  of  water  at  37°  Fahr.  and 
the  temperature  of  the  solution  fidls  to  3  P. 
The  spedfic  grarity  of  their  saturated  sdutton 
at  60^  is  1.300;  and  when  it  is  1.114^  the 
liquid  contains  one-fifth  of  its  wdght  Hie 
crystals  are  permanent  in  the  air. 

Hyposulphites  of  potash  and  soda  yield  de- 
liquescent crystals  of  a  bitter  taste,  and  both 
of  them  dissolve  muriate  of  silver.  Tlie  am* 
nioniacal  salt  is  not  easily  procured  in  regu- 
lar crystals.  Its  taste  is  pungent  and  disa»> 
greeable.  Hie  barytic  hyposulphite  is  inso- 
luble; the  strontitic  is  soluble  and  crystal* 
Usable.  like  the  other  hyposulphites,  it 
dissolves  silver;  and  while  its  own  taste  is 
purely  bitter,  it  produces  a  sweet  compound 
with  muriate  of  silver,  which  alcohol  tlirowa 
down  in  a  syrupy  fonn.  Hyposulphite  of 
magnesia  is  a  bitter  tssted,  soluble^  crystal- 
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linbkw-nd  aonde Hquwccnt  laU.     All  the    UBchMiged  in    air;    insdubls  in  alcohol; 

flame,     wluble  in  1.58  of  boiling  water,  and  in  2&5  r 


iNurn  with  a  lulphumus 

The  sweetneaa  of  liquid    bTposulpbite  of  of  water  at  60^. 

soda,  combined  with  nmriote  of  silver,  sur-  Soda;  large  quadrangular  prisms;  bitter; 

paaMB  honey  in  intensity,   diffusing  itself  unchanged  in  air ;  contain  15.54*  per  cent  of 

over  die  whole  mouth  and  fauces  without  water;  soluble  in  i.l  water  at  212^  Fohr. 

any  disagreeable  or  metallic  flavour.     A  coil  a^d  in  2^  1  water  at  60^. 

of  auic  wire  speedily  separates  the  silver  in  a  Ammonia  j  difllcultly  crystallizabJe;  cool 

netaUic  state,  thus  affording  a  ready  analysis  taste;   unchanged  in  air;   dissolves  in  less 

of  muriate  of  silver.     Muriate  of  lead  is  than  one  of  water ;  by  heat  loses  water,  and 

who  aolable  in  the  hyposulphites^  but  less  is  then  decomposed ;  contains  18.44  per  cent 

leadily.  of  water. 

ACI D  (H  YPOSULPHURIC).     MM.  Baryta ;  two  kinds  of  crystals ;  10.78  per 

6ay  Luflsac  and  Wellher  lurve  recendy  an-  cent    water;     bitter   and    astringent;   un- 

nounoed  the  discovery  of  a  new  add  combi-  changed  in  air ;  decrepitates  by  heat;  Mluble 

nation  of  sulphur  and  oxygen,  intermediate  in  1. 1  boiling  water,  and  in  4.04  of  water 

between  sulphurous  and  sulphuric  acids,  to  at  64^. 

which  they  have  given  the  name  of  hyposul^  StronHa;   Urge  hexagonal  tables;    22.1 

phnric  add.     It  is  obtained  by  passing  a  per  cent  of  water ;  bitter ;  unchanged  in  air ; 

cuncnt  of  sulphurous  add  gas  over  the  black  not  so  soluble  as  the  last  salt. 

oiide  of  nuwganeae.     A  combination  takes  Lime;  in  appearance  resembles  the  last; 

place;  the  excess  of  the  oxide  of  manganese  bitter;  26.24  percent  of  water;  dissolves  in 

is  aepanted  by  dissolving  the  hyposnlpbate  of  0l8  boiling  water;  and  in  2.46  of  water  at 

mM^nmr  in  water.     Caustic  baryta  preci-  56^  F. 

pitates  the  manganese,  and  forms  with  the  Magnesia;  hexagonal  prisms;  unchange- 

new  add  a  vety  soluble  salt,  which,  freed  able  in  air;  very  bitter;  fusible;  37.69  per 

from  exceas  of  baryta  by  a  current  of  car*  cent  of  vrater ;  very  soluble. 

boooc  add,  crystallizes  regularly,  like  the  Hie  metallic  oxides  all  form  salts  with  this 

nitnite  or  muriate  of  baryta.     Hyposulphate  add ;  and  all  the  salts,  as  Gay  Lussac  has 

of  besyta  being  thus  obtained,  sulphuric  add  shown,  are  soluble  in  water,  and  insoluble  in 

is  cautiously  added  to  the  solution,  which  alcohol. 

throws  down  the  baryta,  and  leaves  the  hypo-  Hie  following  table  exhibits  the  rtrnipoai 

snlpbaric  add  in  the  water.      This   add  tionofthedifferentaddcompounds  of  sulphur 

bears  considerable  concentration  under  the  and  oxygen  :— 

reedrer  of  the  ur-pump.     It  consists  of  five  Hyposulphurous  add,  20  suL  -^  10  oxygen 

ports  of  oxfgjBik  to  four  of  sulphur.     The  Sulphurous  add,           10        -^  10 

greater  number  of  the  hyposulphates,  both  Hyposulphuric  add,       8-^10 

eanfay  and  metallic,  are  sduble^  and  crystaU  Sulphuric  add,                6^      4-  10 

Use;  those  of  boryta  and  lime  are  unalterable  Or,  if  we  prefer  to  consider  the  quantity  of 

in  the  air.     Suberic  add  and  chlorine  do  not  sulphur  in  each  add  as  s»  2,  the  oxygen  com- 

decompose  the  baiytic  salt.     Hie  barytic  salt  bines  with  it  in  the  following  proportions  :-.- 

incryrta]soonsistoofbaryta9.75-|-byposul-  1;  2;  2.5;  3. 

Italic  add  9.00  -f-  water  2.25  s=  20.95.  Hyposulphuric  add  is  distinguished  by  the 

Dr  Heeren  prepares  hyposulphuric  add  IbUowing  properties  :— 

nearly  as  above  described ;  but  he  separates  lst»  It  >*  decomposed  by  heat  into  snlphur- 

the  sulphuric  add  and  oxide  of  manganese  in  ous  and  sulphuric  acids. 

solution  by  sulphuret  of  barium  instead  of  2d,   It  forms  soluble  salts  vrith  baryt% 

baryta  water;  because  the  latter  does  not  strontia,  lime^  lead,  and  silver. 

eonpktdiy  remove  the  oxide  of  manganese.  Sd,  The  hyposulphates  are  all  soluble^ 

To  take  away  the  excess  of  sulphuret  of  4Ah,  Hiey  yield  sulphurous  add  when  their 

bsduniy  he  passes  carbonic  add  through  the  solutions  are  mixed  with  adds,  only  if  the 

mixture^  applies  heat,  and  flitefs;  ami  the  mixture  becomes  hot  of  itself,  or  be  artifidal- 

inid,  by  due  oonoentration,  yields  pure  crys-  ly  heated. 

lab  of  hyposulphate  of  baryta.     Bdng  de-  5th,  Hiey  disengage  a  great  deal  of  sul- 

composed  by  ndphnric  add,  the  hyposul-  phurous  add  at  a  high  temperature^  and  are 

phone  add  is  obtained  pure.     To  obtain  the  converted  into  neutral  sulphates. 

kigaat  quantity  of  this  product,  the  peroxide  Before  quitting  the  adds  of  sulphur  it 

ef  manganese  should  contain  no  deutoxide^  deserves  to  be  mentioned,  that  Dr  Gules,  of 

should  be  in  exceedingly  fine  powder,  and  Paris,  has,  by  means  of  a  chest  or  case  caUed 

the  whole  kept  at  as  low  a  temperature  as  Boete  Fumigatdre^  applied  the  vapour  of 

possible.     Anhydrous  liquid  sulphurous  odd  burning  sulphur,  or  sulphurous  add  gas, 

has  no  action  on  the  peroxide  of  manganese,  mixed  with  air,  to  the  surface  of  the  body  as. 

Tbe  finllowing  are  the  chanctenof  some  by*  an  air  bath,  vrith  great  advantage  in  many 

poBulphates.  chronic  diseases  of  the  skin,  the  joints,  the 

PaUuki  fine  crystals;  anhydrous ;  bitter;.  glwdf»  and  the  lymphatic  system.   See  Salt.. 
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:  ACID  (TARTARIC).  The  casks  in 
which  some  Icinds  of  wine  are  kept  become 
incrusted  with  a  hard  substance,  tinged  with 
the  colouring  matter  of  the  wine,  and  other- 
wise impure,  which  has  long  been  known  by 
the  name  of  argalt  or  tartar,  and  distinguish- 
ed into  red  and  white,  according  to  its  colour. 
This  being  purified  was  termed  cream,  or 
cry$Uds  of  tartar.  It  was  afterwards  disco- 
vered, that  it  consisted  of  a  peculiar  acid  com^ 
bined  with  potash ;  and  the  supposition  that 
it  was  formed  during  the  fermentation  of  the 
wine  was  disproved  by  Boerhaave^  Neuman, 
and  others,  who  showed  that  it  existed  ready 
formed  in  the  juice  of  the  grape.  It  has  like^ 
wise  been  found  in  other  fruits,  particularly 
before  they  are  too  ripe;  and  in  the  tama-  • 
rind,  sumac,  balm,  carduus  benedictus,  and 
the  roots  of  restharrow,  germander,  and  sage. 
Tlie  separation  of  tartaric  add  from  this  aci- 
dulous salt  is  the  first  discovery  of  Scheele 
that  is  known.  He  saturated  the  superfluous 
add,  by  adding  chalk  to  a  solution  of  the 
supertartrate  in  boiling  water  as  long  as  any 
effervescence  ensued,  and  eipelled  the  add 
from  the  predpitated  tartrate  of  lime  by 
means  of  the  sulphuric  Or  four  parts  of- 
tartar  may  be  boiled  in  twenty  or  twenty- 
four  of  water,  and  one  part  of  sulphuric  add 
added  gradually.  By  continuing  the  boiling, 
the  sulphate  of  potash  will  fall  down.  When 
the  liquor  is  reduced  one-half,  it  is  to  be  fil- 
tered ;  and  if  anymore  sulphate  he  deposited 
by  continuing  the  boiling,  the  filtering  must 
be  repeated.  When  no  more  is  thrown 
down,  the  liquor  is  to  be  evaporated  to  the 
consistence  of  a  syrup;  and  thus  crystals 
of  impure  tartaric  add,  equal  to  half  the- 
wdgbt  of  the  tartar  employed,  will  be  ob- 
tained. 

Tartaric  add  may  be  procured  by  careful 
evaporation  in  lai^  crystals,  which,  when 
insulated,  are  found  to  be  hexaedral  prisms, 
with  faces  parallel,  two  and  t^o.  The  four 
angles  which  are  most  obtuse  are  equal'  to 
one  another,  measuring  each  129^;  the  two- 
remaining  ones  are  also  equal,  and  measure 
102^.  The  prism  is  terminated  by  a  thiee- 
sided  pyramic^  the  indinations  of  whose  laces 
aie  102.5,  I22f^,  and  125<>.  The  prisms  are 
aometimes  much  compressed  in  a  direction- 
parallel  to  the  axis.  This  takes  place  when 
the  add  has  been  very  slowly  crystallised  by 
evaporating  a  solution  of  it.  Its  taste  is  very 
add  and  agreeable,  so  that  it  may  supply  the 
place  of  lemon-juice.  It  is  very  soluble  in 
water.  Burnt  in  an  open  fire,  it  leaves  a 
coaly  residuum ;  in  close  vessels  it  gives  out 
carbonic  add  and  carburetted  hydrogen  gas. 
By  distilling  nitric  add  off  the  crystals,  tfiey 
may  be  converted  into  oxalic  add,  and  the 
nitric  add  passes  to  the  state  of  nitrous. 

To  extract  the  whole  add  from  tartar,  M. 
Thenard  recommends,  after  saturating  the  re^  > 
dundant  add  with  chalk,,  to.  add  muriate  oC 


lime  to  the  lupenutant  neutnl  tartnte^  by 
which  means  it  is  completely  decomposed. 
The  insoluble  tartrate  of  lime  being  washed 
with  abundance  of  water,  is  then  to  be  treat-  "• 
ed  with  three-fifths  of  its  wdght  of  strong . 
sulphuric  add,  diluted  preriously  with  five 
parts  of  water.    But  Fourcroy*s  process,  as 
improved  by  Vauquetin,  seems  cheaper.  Tar- 
tar  is  treated  with  quicklime  and  boiling  water 
in  the  proportion,  by  the  theory  of  equiva- 
lents, of  100  of  tartar  to  90  of  dry  lime,  or 
40  of  the  slaked.     A  caustic  magma  is  ob-  * 
tained,  which  must  be  evaporated  to  dryness, 
and  gently  heated.     On  digesting  this  in' 
water,  a  solution  of  caustic  potash  is  obtsined, 
while  tartrate  of  lime  remains ;  horn  which 
the  add  may  be  separated  by  the  equivalent  • 
quantity  of  oil  of  vitriol. 

According  to  Bendius,  tartaric  add  is  a 
compound  of  3.807  hydrogen  -f-  35.960  car-  - 
bon4.6a213  oxygens  100:  to  wUch  to- 
suit  he  shows  that  of  M.  Gay  Lussac  and 
Tbenard  to  correspond,  when  allowance  is 
made  for  a  certain  portion  of  water,  which  • 
they  had  omitted  to  estimate.     Hie  analysis, 
of  tartrate  of  lead  gives  8.384>  for  the  add 
prime  equivalent;  and  it  may  be  made  up  oT 

3  hydrogen     =0.375  4^46 

4  carbon         sss  aOOO        35.82 

5  oxygen        as  5.000        59.70 

a375      100.00 
Tlie  crystallized  add  is  a  compound  of  8.375 
add 4- 1.125 waters 9.5;  orinlOOpans, 
8a  15  add  4-1 1.85  water. 

The  prime  equivalent  of  tartaric  add  in 
crystals  is,  by  my  results,  9.25 ;  and  it  seems 
made  up  of  carbon  4  atoms  ss  3  •}-  hydrogen  ■ 
2  atoms^  0.25  •}-  oxygen  6  =s  6 ;  or  of  car- 
bon 4  atoms,  oxygen  4  atoms,  and  water  2. 
These  atoms  of  water  enter  into  dry  tartrate 
of  lead ;  and  hence  the  crystals  of  add  con- 
tain no  water  unessential  to  thdr  constitution* 
-^PhU.  Trans.  1822. 

M.  Rose  has  shown,  that  tartaric  add  haa 
a  peculiar  influence  in  several  cases  of  che- 
mical analysis.  When  a  solution  of  red  oxide  ■ 
of  iron  is  mixed  with  tartaric  add,  the  oxide* 
can  be  precipitated  ndther  by  caustic  alkalia< 
nor  by  thdr  carbonates  or  succinates ;  but 
tincture  of  galls,  triple  prussiate  of  potash,, 
and  alkaline  hydrosidphurets,  show  the  pre. 
sence  of  iron  in  such  a  solution,  llie  same 
thing  is  true  of  the  oxides  of  titanium,  man- 
ganese, cerium,  yttrium,  cobalt,  and  nick^ 
as  well  as  with  alumina  and  magnesia.  So- 
lution of  protosulphate  of  iron  with  tartaric 
add  is  merdy  rendered  intensely  green  by^ 
ammonia,  and  changes  after  long  standing  in 
the  air  to  a  yellow-coloured  solution,  whicrb. 
contains  iron. 

.  The  oxide  of  lead  likewise  is  not  separable 
by  alkalis,  when  its  solution  has  been  treated 
with  so  much  nitric  add  that  no  tartrate  o^ 
ll?ad  can  piecqiitate.    Oxides  of  tin.  and  cop- 
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per  fiill  under  tbe  same  head.  Lastly^  oxid& 
of  antimooy,  when  its  solution  in  an  add  is 
mized  with  the  tartaric,  resists  hoth  alkalis 
and  the  moat  copious  dilution  with  water. 
Thus,  oxide  of  bismuth  may  be  separated 
from  oxide  of  antimony ;  lor  the  former  re- 
,  sists  the  influence  of  tartaric  add.  Muriate 
of  platinum,  the  oxides  of  siWer,  zinc,  and 
unnium,  are  not  altered  by  tartaric  add.— 
Gilberi*s  Jnn.  Ixxiii.  74. 

Hie  tartrates,  in  their  deoompoeition  by 
fire,  comport  themsetves  like  all  the  other 
▼Cj^etable  salts,  except  that  those  with  excess 
of  add  yield  the  smell  of  caromei  when  heat-' 
od,  and  afford  a  certain  quantity  of  the  pyro- 
tartaric  add.  Ail  the  soluble  neutral  tar- 
.tnles  form,  with  tartaric  add,  bitartrates  of 
sparing  solubility;  while  all  the  insoluble 
tartrates  may  be  diasolyed  in  an  excess  of 
their  add.  Hence^  by  pouring  gradually  an 
.excess  of  add  into  bsoTta,  strontia,  and  lime 
waters^  the  predpitates  formed  at  first  cannot 
^fiul  to  disappear;  while  those  obtained  by  an 
excess  of  the  same  add,  added  to  concen- 
trated solutions  of  potash,  soda,  or  ammonia, 
and  the  neutral  tartrates  of  these  bases  as  well 
as* of  magnesia  and  copper,  must  be  perma- 
nent. The  first  are  alwajrs  flocculent;  the 
second  «lways  crystalline;  that  of  copper 
alone,  is  in  a  greenish-white  powder.  It 
likewise  follows,  that  the  greater  number  of 
adds  ought  to  disturi>  the  solutions  of  the 
alkaline  neutral  tartrates,  because  they  trans- 
form these  salts  into  bitartrates;  and  on  the 
coDlTary  they  ought  to  affect  the  solution  of 
the  neutral  insoluble  tartrates,  which  indeed 
.always  happens,  unless  the  add  cannot  dis- 
solve the  base  of  the  tartrate.  Tlie  order  of 
.apparent  affinities  of  tartaric  add  are,  lime, 
baryta,  strontia,  potash,  soda,  ammonia,  and 


.  iartar,  because  much  more  so  than  the  super- 
tartrate,  crystallizes. in  oblong  squares,  bevel- 
led at  the  extremities.  It  has  a  bitterish 
taste^  and  is  decomposed  by  heat,  as  its  solu- 
tion is  even  by  standing  some  time.  It  is 
used  as  a  mild  puigative. 

Tbe  supertartrate  of  potash,  already  men- 
tioned at  the  beginning  of  this  artide,  is 
much  used  as  a  cooling  and  gently  opening 
medicine,  as  well  as  in  several  chemical  and 
pharmaceutical  preparations.  Mixed  with  an 
equal  wdgbt  of  nitre,  and  projected  into  a 
red-hot  cnidble,  it  detonates,  and  forms  the 
whiu  Jlux:  treated  in  the  same  way  with 
half  its  wdght  of  nitre,  it  forms  the  black 
Jluxi  and  simply  mixed  with  nitre  in  various 
.  proportions,  it  is  called  rtmfius.  It  is  like- 
wise used  in  dydng,  in  hat-making,  in  gil4- 
ing,  aud  in  other  arts. 

The  blanching  of  the  crude  tartar  is  aided 
by  boiling  its  solution  with  l-20th  of  (npe 
clay. 

According  to  the  analysis  of  BerzeUus,  it 
consists  of  70.45  acid  -f  24.8  potash  .^  4.75 
water  :=  100;  or 

2  primes  add,     as  16.75        70.30 
I  potash,  s=    5.95        24.95 

1  water,   =    1.125        4.75 


Hie  tartrates  of  potash,  soda,  and  ammo- 
nia, are  not  only  susceptible  of  combining  to- 
gether, but  abo  with  the  other  tartrates,  so  as 
to  form  double  or  triple  salts.  We  may  thus 
easily  conceive  why  the  tartrates  of  potash, 
soda,  and  ammonia,  do  not  disturb  the  so- 
lutions of  iron  and  manganese;  and  on  the 
other  band,  disturb  the  solutions  of  the  salts  of 
baryta,  strontia,  lime,  and  lead.  In  the  first 
case^  double  salts  are  fonned,  howevor  smaU 
a  quantity  of  tartrate  shall  have  been  em- 
ployed; in  the  second,  no  double  salt  is 
fionned,  unless  the  tartrate  be  added  in  very 


The  tartrates  of  lime  and  baryta  are  white, 
pulverulent^  and  insoluble. 

Tartrate  of  strontia,  formed  by  the  double 
decomposition  of  muriate  of  strontia  and 
tartrate  of  potash,  according  to  Vauquelin,  is 
aolnble,  crystallizable,  and  oonsbts  of  52.88 
Btronti*  and  47.12  add. 

That  of  magnesia  forms  a  gelatinoua  or 
'gummy  mass. 

Tartrate  of  potash,  formerly  called  tolubU 


23.825  100.00 
60  parts  of  water  dissolve  4  of  bitartrate  at  a 
boiliog  heat,  and  only  1  at  60^  Fahr.  It  is 
quite  insoluble  in  alcc^oL  It  becomes  very 
soluble  in  water,  by  adding  to  it  one-fifth  oi 
its  weight  of  borax,  or  even  by  the  addition 
of  boradc  add.  It  appears  by  Berzelius,  that 
neutral  tartrate  of  potash,  dried  in  the  son, 
differs  from  the  bitartrate,  in  containing  no 
water  of  crystallization.  He  states  it  to  be  a 
compound  of  58.69  add-^-  41.31  potash  = 
100;  which  afford  155.7  tartrate  of  lead. 
Now,  a375:  5.95::  58.5:  41.5,  which  are 
the  equivalent  proportions. 

On  considering  the  great  solvent  property 
of  cream  of  tartar,  and  that  it  is  even  capable 
of  dissolving  various  oxides  which  are  inso- 
luble in  tartaric  add,  as  the  protoxide  of  an- 
timony, M.  Gay  Lussac  has  recommended  it 
as  a  useful  agent  in  diemical  analysis.  He 
thinks  that  in  many  cases  it  acts  the  part  of 
a  single  add.  According  to  this  riew,  tartar 
emetic  would  be  a  compound  of  the  creatn 
tartar  add  and  protoxide  of  antimony. 
Cream  of  tartar  generally  contains  from  3  to 
5  per  cent  of  tartrate  of  lime^  which  are  in  a 
great  measure  separated  when  3  parts  of  tar- 
tar are  boiled  with  1  of  borax  for  a  few  mi- 
nutes in  a  sufficient  quantity  of  water.  Tbe 
soluble  cream  of  tartar  which  is  obtained  by 
this  process  is  deliquescent ;  it  dissolves  in  its 
own  weight  of  boiling  water  at  54.5S  and 
in  half  its  weight  of  bdjing  water.  Its  solu- 
tion is  very  imperfectly  decomposed  by  the 
sulphuric,  nitric,  and  muriatic  adds.  4  parts 
of  tartar  and  1  of  boradc  add  form  a  pennfu 
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ncnt  aaline  compound,  very  soluble  in  lira-  ecJolired  gvejr  bj  the  sulplnir,  wiH  renlwi. 

tor.     Alum  alao  increaaes  tlie  sdubiltty  of  It  is  to  be  washed,  and  heated  red  hot,  to 

tartar.  driTe  off  the  sulphur. 

Bj  saturating  the  superfluous  acid  in  this  One  operation  is  not  sufficient  to  free  the 

>  supertartrate  with  soda,  a  triple  salt  is  form-  titanic  acid  perfectly  from  iron ;  the  product 

ed,  which  crystallises  in  larger  regular  prisms  is  therefore  again  to  be  heated  in  a  tube, 

of  eight  nearly  equal  sides,  of  a  bitter  taste,  through  which    sulphuretted    hydrogen   Is 

-  efflorescent,  and  soluble  in  about  five  parts  of  'passing,  and  then  treated  as  before;  when 

water.    It  consists,  according  to  Vauquelin,  of  again  washed  and  heated  red  hot^  it  becomes 

54  parts  tartrate  of  potash  and  46  tartrate  of  perfectly  white  and  pur& 

soda ;  and  was  once  in  much  repute  as  a  pur-  Tbe  operation  may  be  shortened  by  heat- 

gatiTe  by  the  name  of  Moehette  SaU  or  Sel  de  ing  the  titaniferous  iron  with  sulphur  in  a 

Seignette*  crucible,  and  then   acting  by  concentrated 

The  tartrate  of  soda  is  much  less  soluble  muriatic  acid :  biit  in  this  iint  operation,  as 

than  this  triple  salt,  and  crystaUiases  in  slen-  much  iron  remains  with  the  titanic  add  as 

der  needles  or  thin  plates.  exists  in  rutilite ;  then  an  operation  with  sul- 

The  tartrate  of  ammonia  is  a  Tery  soluble  phuretted  hydrogen  renders  the  substance 

bitter  salt,  and  crystallises  easUy.     Its  solu-  perfectly  pure. 

tion  is  spontaneously  decomposable.  It  is  said  to  consist  of  titanium,  66.05 

This  too  forms,  with  tartrate  of  potash,  a  oxygen,    S3.95; 

triple  salt,  the  solution  of  which  yields,  by  whence^  if,  like  the  other  metallic  adds,  this 

cooling,  fine  pyramidal  or  prismatic  efflores-  be  supposed  to  contain  3  atoms  of  oxygen* 

•  cent  crystals.    Though  both  the  neutral  salts  the  atomic  weight  of  the  metal  will  be  5.83^ 

'that  compose  it  are  bitter,  this  is  not,  but  has  or  possibly  6l 

a  cooling  taste.     See  Salt.  Add  titanate  of  potash  consists  of 

M.  Fabroni  says,  that  sulphuric  acid  being  titanic  add,      -        62.33  7  ^^^ 

mixed  with  three  parts  of  boiling  water,  and  potash,       -         -       17.77 ) 

cream  of  tartar  in  excess,  gives  a  fluid  which,  Arid  titanate  of  soda  of 

after  bdng  evaporated,  cooled,  and  allowed  titanic  acid,       -        83.15)  |^ 

to  deposit  undecomposed  tartar,  sulphate  of  soda,       -        -          16.85  y 

potash,  &c.  will  not  furnish  any  odier  de-  Sulphotitanic  add  consists  of 

posit,  and  resembles  oil  in  its  appearance.  titanic  add,       -       76.67  ^ 

When  further  evaporated  to  the  consistence  sulphuric  add»     -      7.67  >  100. 

of  syrup,  and  again  cooled,  it  solidifies  in  a  water,         -       -        15.66 ) 

mass  composed  of  imperfect  prismatic  crys-  Oxalo-titanic  add,  of  titanic  add  74. 1 , 

-stals,  which  when  dry  have  something  the  oxalic  add  10.4,  water  15.5.. 

appearance  of  camphor.    It  dissolves  rapidly  Sulphuret  of  titanium  consists  of  titaniuni 

4n  water,  but  in  alcohol  yields  its  tartaric  49. 17,  sulphur  50.83. 

•add,  while  acid  sulphate  of  potash  is  left.  Protochloride  of  titanium  consists  of  tit»- 

On  analysis  it  gave  72  tartaric  add,  and  28  nium  6,  chlorine  3.6. 

sulphate  of  potash.    Gf  or.  de  Fitiea,  vi.  452.  Perchloride  of  titanium  consists  of  titani- 

ACID  (TITANIC).  By  i\ising  powder-  um  6.66,  chlorine  7.94. 
ed  rutilite  with  thrice  its  wdght  of  carbonate  Annales  de  Chinu  xxiii.  353.  AnnaU  of 
of  potash,  dissolving  the  compound  in  mu-  Phil.  N.  S.  ix.  18. 
riatic  add,  predpitating  by  caustic  ammonia,  ACID  (TUNGSTIC)  has  been  found 
digesting  the  predpitate  for  a  certain  time  only  in  two  minerals ;  one  of  which,  formep. 
with  hydrosulphuret  of  ammonia,  and  then  ly  called  tungsten,  is  a  tungstate  of  lime, 
digesting  the  solid  matter  left  in  weak  mu-  and  is  very  rare ;  the  other,  more  common, 
riatic  add,  M.  Rose  obteins  a  perfectly  white  is  composed  of  tungstic  acid,  oxide  of  iron^ 
oxide  of  titanium,  which  is  not  attacked  by  and  a  little  oxide  of  manganese.  The  acid 
adds,  but  which  becomes  red  by  touching  is  separated  from  the  latter  in  the  following 
moistened  litmus.  As  it  acts  with  alkalis  way.  Hie  wolfram  cleared  fW>m  its  siliceous 
precisely  as  an  add,  M.  Rose  calls  it  titanic  gon^ve,  and  pulverised,  is  heated  in  a  mat- 
add,  rass  with  five  or  ax  times  its  wdght  of  mo- 
He  has  more  recently  given  the  following  riatic  add,  for  half  an  hour.  The  oxides  of 
process  for  obtaining  titanic  add.  Pulverise  iron  and  manganese  bdng  thus  dissolved, 
and  wash  menachanite,  heat  it  highly  in  a  we  obtain  the  tungstic  add  under  the  form 
porcelain  tube,  and  pass  dry  sulphuretted  of  a  ydlow  powder.  After  washing  it  re- 
hydrogen  gas  over  it ;  the  oxide  of  iron  will  peatedly  with  water,  it  is  then  digested  in  an 
become  sulphuret,  the  titanic  add  will  re-  excess  of  liquid  ammonia  heated,  which  disi. 
main  unchanged.  When  cold,  digest  the  solves  it  completely.  The  liquor  is  filtered 
product  in  strong  muriatic  acid ;  sulphuret-  and  evaporated  to  dr3mess  in  a  capsule, 
ted  hydrogen  will  be  cooled,  and  the  titanic  The  dry  residue  bdng  ignited,  the  ammonia 
add,  rendered  insoluble  by  the  heat,  and  flies  off,  and  pure  tungstic  acid  remains.    If 
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tte'wbofeof  tbewoUWun  has  not  been  de-  os.  dr,  gri 

eompoacd  in  this  iipention»  it  must  be  sub-  Water  and  Tidatile  matter^       16    6      0 

jected  to  the  muriatic  acid  again.  Fibrous  matter,            -             13      0 

It  is  tasteless,  and  does  not  affect  vegetable  Green  resin,          -          -         0-    1     50 

'  coloon.     The  tongstatcs  of  the  alkaUs  and  Vegetable  albuipen  (Pflannenei- 

BH^csia  are  soluble  and  crystalltsable ;  the  weiu),        -        -        -         0    3    55 

other  earthy  ones  are  insoluble,  as  well  as  Extractive,  with  various  acetates 

llioae  of  the  metallic  OKides.   Theadducom-  and  muriates,       -         -       0    4    50 

posed  of  100  parts  metallic  tungsten,  and  Gummy  matter,      -          -       0    6      0 

25  or  26.4  oxygen.  Malate  and  citrate  of  lime^         0    1     56 

ACID  (TUN6STOUS).   What  has  been  

Hms  called  appears  to  be  an  oxide  of  tung-  20    2    30 

The  distilled  water  of  aconite,  though 


ACID  (URIC).    Hie  same  with  LrrBK  smelling  rank  of  the  plant,  is  not  poisonous. 

AoD;  which  see^  The  noxious  principle  is  therefore  not  vol». 

ACID    (VEGETaSULPHURIC).  tile.     The  details  of  the  analysis  have  not 

Tbia  compound  was  obtained  by  M.  Bra-  reached  this  country. 


coonol,  in  treating  ligneous  fibre  with  sul-  ACROSPIRE.    Tbeplumula  is  that  part 

phuric  acid.     It  consists  of  sulphur,  caH)on,  of  the  embryon  of  a  plant  destined  to  b^ 

hydrogen,  and  oxygen,  or  of  a  vegetable  come  the  stem,  and  which  bears  the  cotyfi- 

matter  and  the  elements  of  sulphuric  add,  dons.     According  to  Grew,  the  acrospire  is 

but  in  proportions  unknown.  the  piumula  of  barley  developed  by  germina-. 

ACID  (XANTHIC).    See  Acid  (Hy-  tion.     It  is  lometimeB  named /ilan/Wo. 

DBOXAMTBic).  ACTINOLITE.     ^aA/sl«m  of  Werner. 

ACID  (ZOONIC).     In  the  liquid  pro-  JmpMbole  JctinoiehegahlreofUany.  There 

cored  by  dfistillation  fi'om  animal  substances  are  three  varieties  of  this  mineral ;  tiie  crys* 

which  had  been  supposed  to  contain  only  talluedi  the  atbettout,  and  the  glasty. 

CBibooate  of  ammonia  and  an  oil,  BerthoUet  Isl,  Crystallired  actinolite.     Colour  tsei:- 

imagined  he  had  discovered  a  peculiar  add,  green,  and  green  of  darker  shades.     It  crys^ 

to  which  he  gave  the  name  of  toonic     Hie-  tallixes  in  long  oblique  hexaedral  prisms, 

nard,  however,  has  demonstrated,  that  it  is  with  irregular  terminations.     Crystds  fire- 

merely  acetic  acid  combined  with  animal  quentky  striated  lengthwise,  sometimes  adcu^ 

lar.    Its  lustre  is  signing.    It  is  translucent. 


ACIDIFIABLE.      Capable  of  bdng  Occasionally  it  is  found  in  silky  fibres.     Its 

converted  into  an  add  by  an  addifying  prin-  sp.  gr.  varies  from  3.0  to  3.3i     Fracture 

ciple.     (See  Acii>.)    Substances  possessing  usually  radiated;  sometimes  it  is  foliated 

property  are  called  ranUcait  or  addifiabk  with  an  indistinct   twofold  deavage.      It 


scratches  glass. 

ACIDIFYING  PRINCIPLE.   Seere^         2rf,  Asbestous  actinolite.     Colours  gi«ei^ 
marks  on  this  subject,  in  the  general  article    Terging  on  grey  and  brown,  and  smalt-blue. 


Massive^  and  in  elastic  capillary  crystals, 
ACIDIMETRT.  The  measurement  of  which  are  grouped  in  wedge-shaped,  radiated, 
the  strength  of  adds.  His  is  effected  by  or  promiscuous  masses.  Internal  lustre  pear- 
saturating  a  given  wdgfat  of  them  with  an  ly.  Melts  before  the  blowpipe  into  a  dark 
alkaline  base ;  the  quantity  of  which  requi-  glass.  Fracture  intermediate  between  fibrous 
site  Ibr  the  purpose  is  the  measure  of  their  and  narrow  radiated.  FVagments  wedged 
power.  shaped.     Opaque.     Soft.     Tough  but  sec- 

ACIDULEk      A  term  applied  by  the  tile.     Sp.  gr.  2.7  to  29. 
French  chemists  to  those  salts  in  which  the         3dy  Glas^  actinolite.    Colours,  mountain- 

base  ia  combined  with  such  an  excess  of  green,  and  emerald-green.    In  thin  six-sided 

add,  that  they  manifestly  exhibit  add  pro-  needle-form  crystals.     Has  cross  rents.     Sp. 

pcrties;  such  ss  the  supertartrete  of  potash,  gr.  from  3.0  to  3.2.     The  composition  of 

ACONITA.   A  poisonous  vegetable  prin-  actinolite  is  very  diff*erent]y  stated  by  diffe- 

dple^  probably  alkatine,  supposed  to  exist  in  rent  analysts.     Laugier*s  results  with  glassy 

-the  aconkwn  napellutt  or  wolfsbane.      In  actinolite  are  the  following,  and  they  approxi- 

-aome   British  journals  it  is  stated  that  M.  mate  to  those  of  Vauquelin  on  asbestous  ac- 

Brandea  had  procured  this  alkaline  prindple.  tinolite ;  silica  50,  lime  9. 75,  magnesia  19.25^ 

Bat  I  observe  in  his  translation  of  my  Die-  oxide  of  iron  1 1,  alumina  0.75,  oxide  of  man- 

•tioaary  into  the  German  language,  that  he  ganese  0.5,  oxide  of  chromium  3^  potash  0.5» 

refers  the  point  to  the  researches  of  M.  Pes-  moisture  5,  loss  0.25.     28.2  of  alumina  and 

chier  of  Geneva,  who  has  not  hitherto  made  3.S4  of  tungstic  add  were  found  in  100  parti 

it  distinctly  out.     Buchols  analysed  the  herb  of  asbestous  actinolite  from  Cornwall, 
aconite,  and  found  the  folkming  constituents         Actinolite  is  found  chiefly  in  primitive  dts- 

in  20  onnccB :—  tricts  with  a  magnesian  basis.     It  acoompa^ 

■  nies  talc,  and  some  micaceous  rocks.     Its 
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piioci{»l  localities  are  Zillerthal  in  the  Xy- 
lol, Mont  St  Gothard,  near  Soltsburg  in 
Saxony,  in  Norway,  and  in  Piedmont.  In 
Great  Britain,  it  is  found  in  Cornwall  and 
Wales ;  and  in  Glen  Elg,  the  isles  of  Lewis 
^d  Sky.  It  is  never  found  in  secondary 
mountains. 

ADAMANT.     See  Diamond. 

ADHESION.     See  Cohesion. 

ADHESIVE  SLATE.     See  Slate. 

ADJPOCERE.  The  attention  of  che- 
mists has  been  much  excited  by  the  sponta- 
neous conversion  of  animal  matter  into  a  sub- 
stance considerably  resembling  spermacetL 
The  fact  has  long  been  well  known,  and  is  said 
to  have  been  mentioned  in  the  works  of  Lord 
Bacon,  though  I  have  not  seen  the  passage. 
On  the  occasion  of  the  removal  of  a  very 
great  number  of  human  bodies  from  the  an- 
cient burying-place  Des  Innocens  at  Paris, 
/acts  of  this  nature  were  observed  in  the 
most  striking  manner.  Fourcroy  may  be 
called  the  scientific  discoverer  of  tliis  pecu- 
liar matter,  as  well  as  the  saponaceous  ammo- 
iiiacal  substance  contained  in  bodies  aban- 
doned to  spontaneous  destruction  in  large 
masses.  This  chemist  read  a  memoir  on  the 
subject  in  the  year  1789  to  the  Royal  Aca- 
demy of  Sciences,  from  which  I  shall  ab- 
stract the  general  contents. 

At  the  time  of  clearing  the  before  men- 
tioned burying-place,  certain  philosophers 
were  specially  charged  to  direct  the  precau- 
tions requisite  for  securing  the  health  of  the 
.workmen.  A  new  and  singular  object  of 
research  presented  itself,  which  had  been  ne- 
cessarily unknown  to  preceding  chemists. 
It  was  impossible  to  foretell  what  might  be 
the  contents  of  a  soil  overloaded  for  succes- 
sive ages  with  bodies  resigned  to  the  putre- 
iSEu:tive  process.  This  spot  differed  from 
common  burying-grounds,  where  each  indi- 
vidual object  is  surrounded  by  a  portion  of 
the  soiL  It  was  the  burying-ground  of  a 
large  district,  wherdn  successive  generations 
of  the  inhabitants  had  been  deposited  for  up- 
wards of  tliree  centuries.  It  could  not  be 
foreseen  that  the  entire  decomposition  might 
be  retarded  for  more  than  forty  years ;  nd- 
ther  was  there  any  reason  to  suspect  that  any 
remarkable  difference  would  arise  from  the 
angularity  of  situation. 

The  remains  of  the  human  bodies  im- 
mersed in  this  mass  of  putrescence  were 
found  in  three  different  states,  according  to 
the  time  they  had  been  buried,  the  place  they 
occupied,  and  their  relative  situations  with 
regard  to  each  otliet*.  "Die  most  ancient 
were  simply  portions  of  bones,  irregularly 
dispersed  in  the  soil,  which  had  been  fre- 
quently disturbed.  A  second  state,  in  cer- 
tain bodies  which  had  always  been  insulated, 
exhibited  the  skin,  the  muscles,  tendons,  and 
aponeuroses,  dry,  brittle,  hard,  more  or  less 
grey,  and  similar  to  what  are  called  mum- 


mies iff  certain  caverns  where  this  change 
has  been  observed,  as  in  the  catacombs  at 
Home,  and  the  vault  of  the  Cordeliers  at 
Tholouse. 

The  third  and  most  singular  state  of  theae 
soft  parts  was  observed  in  the  bodies  which 
filled  the  common  graves  or  repositories.  By 
this  appellation  are  understood  cavities  oif 
thirty  feet  in  depth,  and  twenty  on  each  side, 
which  were  dug  in  the  burying-ground  of 
the  Innocents,  and  were  appropriated  to  con- 
tain the  bo^es  of  the  poor;  which  wene 
placed  in  very  dose  rows,  each  in  its  pro- 
per wooden  bier.  The  necessity  for  dispos- 
ing a  great  number,  obliged  the  men  chaiged 
with  this  employment  to  arrange  them  so 
near  each  other,  that  these  cavities  might  be 
considered  when  filled  as  an  entire  mass  of 
human  bodies  separated  only  by  two  planka 
of  about  half  an  inch  thick.  Each  cavity 
contained  between  one  thousand  and  fifteen 
hundred.  When  one  commcm  grave  of  tfaia 
magnitude  was  filled,  a  covering  of  about 
one  foot  deep  of  earth  was  laid  upon  it,  and 
another  excavation  of  the  same  sort  was 
made  at  some  distance.  Each  grave  re- 
mained open  about  three  years,  which  was 
the  time  required  to  fill  it  According  to 
the  urgency  of  circumstances,  the  graves 
were  again  made  on  the  same  spot  after  an 
interval  of  time,  not  less  than  fifteen  yean^ 
nor  more  than  thirty.  Experience  had  taught 
the  workmen,  that  this  time  was  not  snfll- 
cient  for  the  entire  destruction  of  the  bodies, 
and  had  shown  them  the  pn^essive  changea 
which  form  the  object  of  M.  Fourcroy  *s  me- 
moir. 

The  first  of  these  larg^  graves  opened  in 
the  presence  of  this  chemist,  had  been  closed 
for  fifteen  years.  The  coffins  were  in  good 
preservation,  but  a  little  settled,  and  the  wood 
(I  suppose  deal)  had  a  yellow  tinge.  When 
the  covers  of  several  were  taken  ofi^  the  bodiea 
were  observed  at  the  bottom,  leaving  a  con- 
siderable distance  between  their  surface  and 
the  cover,  and  flattened  as  if  they  had  suflfered 
a  strong  compression.  The  linen  which  had 
covered  them  was  slightly  adherent  to  the 
bodies ;  and,  with  the  form  of  the  different 
regions,  exhibited,  on  removing  the  linen, 
nothing  but  irregular  masses  of  a  soft  ductile 
matter  of  a  grey-white  colour.  Tliese  masses 
environed  the  bones  on  aU  sides,  which  had  no 
solidity,  but  broke  by  any  sudden  pressurew 
The  appearance  of  this  matter,  its  obvious 
composition  and  its  softness,  resonbled  com- 
mon white  cheese ;  and  the  resemblance  was 
more  striking  from  the  print  which  the  threads 
of  the  linen  had  made  upon  its  surface.  This 
white  substance  yielded  to  the  touch,  and  be- 
came soft  when  rubbed  for  a  time  between 
the  fingers. 

No  very  offensive  smell  was  emitted  ftvan 
these  bodies.  The  novelty  and  singularity  of 
the  spectacle,  and  the  example  of  the  grave- 
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^Bggcn»  dispelled  ereiy  idea  either  of  disgust 
or  apprehenflioD.  These,  men  asserted  that 
thej  never  found  this  matter,  bj  them  called 
gnu  {fat),  in  bodies  inteired  alone ;  but  that 
the  accumulated  bodies  of  the  common  graves 
only  were  sulgect  to  this  change^  On  a  very 
attentive  examination  of  a  number  of  bodies 
psssad  to  this  state,  M.  Fourcroy  remarked 
that  the  conversion  appeared  in  different  stages 
of  advancement,  so  that,  in  various  bodies,  the 
fibrous  texture  and  colour,  more  or  less  red, 
were  discernible  within  the  fatty  matter ;  that 
the  masses  covering  the  bones  were  entirely  of 
the  same  nature^  offering  indistinctly  in  all 
the  rqpons  a  grey  substance,  for  the  most 
pert  soft  and  ductile,  sometimes  dry,  always 
essy  to  be  separated  in  porous  fragments,  pe- 
netrated with  cavities,  uid  no  longer  exhibit- 
ing any  traces  of  membranes,  muscles,  ten- 
dons, vessds,  or  nerves.  On  the  first  in^>ec- 
tion  of  these  white  masses,  it  might  have 
been  concluded  that  they  were  simply  the 
cellular  tissue,  the  compsrtmeots  and  vesicles 
of  which  they  very  well  represented. 

By  examining  this  substance  in  the  difle^ 
lent  regions  of  the  body,  it  was  found  that 
the  skin  is  particularly  disposed  to  this  re- 
markahle  alterstion.     It  was  afterwards  per- 
ceived that  the  ligaments  and  tendons  no  long- 
er existed,  or  at  least  had  lost  their  tenacity ; 
so  that  the  bones  were  entirely  unsupported, 
and  left  to  the  action  of  their  own  weight : 
whence  their  rdative  places  were  preserved 
in  a  certain  degree  by  mere  juxtaposition ; 
the  least  effi>rt  being  sufildent  to  separate 
them.    The  grave-diggers  availed  themselves 
of  this  circumstance  in  the  removal  of  the 
bodies ;  for  they  tolled  them  up  finom  heed 
to  loot,  and  by  that  means  separated  from 
emch  other  the  extremities  of  the  bones,  which 
had  formerly  been  articuUted.     In  all  those 
bodies  which  were  changed  into  the  fatty  mat- 
ler,  the  abdominal  cavity  had  disappeared. 
The  teguments  and  muscles  of  this  region 
being  converted  into  the  white  matter,  like 
the  other  soft  parts,  had  subsided  upon  the 
vertdnral  column,  and  were  so  flattened  as  to 
leave  no  place  for  the  viscera ;  and  according- 
ly there  was  scarcely  ever  any  trace  observed 
in  tiie  almost  obliterated  cavity.     This  ob- 
servatioa  was  for  a  long  time  matter  of  asto- 
nishment to  the  investigators.     In  vain  did 
they  sedL,  in  the  greater  number  of  bodies, 
the  place  and  substance  of  the  stomach,  the 
intestines,  the  bladder,  and  even  the  liver,  the 
spleen,  the  kidneys,  and  the  matrix  in  females. 
All  these  viscera  were  confounded  together, 
and  for  the  most  psrt  no  traces  of  them  were 
left.    Sometimes  only  certain  irregular  masses 
were  found,  of  the  same  nature  as  the  white 
matter,  of  different  bulks,  from  that  of  a  nut 
to  two  or  three  inches  in  diameter,  in  the  re- 
gions of  tlie  liver  or  of  tbe  spleen. 

The  thorax  likewise  offered  an  assemblage 
ef  facts  no  less  singular  and  interesting.    The 


external  part  of  this  cavity  was  flattened  add 
compressed  like  the  rest  of  the  organs ;  the 
ribs,  spontaneously  luxated  in  their  articula- 
tions with  the  vertebrae,  were  settled  upon  the 
dorsal  column  ;  their  arched  part  left  only  a 
small  space  on  each  side  between  them  and 
the  vertebrae.     The  pleura,  the  mediastines, 
the  lai^  vessels,  the  aspera  arteria,  and  even 
the  lungs  and  the  heart,  were  no  longer  dia^ 
tinguishable ;  but  for  the  most  psrt  bad  en- 
tirely disappeared,  and  in  their  place  nothing 
was  seen  but  some  parcels  of  the  fatty  sub- 
stance.     In  this  case,  the  matter  which  was 
the  product  of  decomposition  of  the  viscera, 
chai^lped  with  blood  and  various  humours, 
differs  fVom  that  of  the  surface  of  the  body, 
and  tbe  long  bones,  in  tbe  red  or  brown 
colour  possessed  by  die  former.     Sometimes 
the  observers  found  in  the  thorax  a  mass  ir- 
regularly rounded,  of  the  same  nature  as  the 
latter,  which  appeared  to  them  to  have  arisen 
from  the  fat  and  fibrous  substance  of  the 
heart.     They  supposed  that  this  mass,  not 
constantly  fbund  in  all  the  subjects,  owed  its 
existence  to  a  superabundance  of  fat  in  this 
viscus,  where  it  was  found.     For  the  general 
observation  presented  itself,  that,  in  similar 
circumstances,  the  fat  parts  undergo  this 
conversion  more  evidently  than  the  others,  and 
afford  a  larger  quantity  of  the  white  matter. 

Tbe  external  region  in  females  exhibited 
the  glandular  and  adipose  mass  of  tbe  breasts 
converted  into  the  fatty  matter,  very  white 
and  homogeneous. 

The  head  was,  as  has  already  been  r^ 
marked,  environed  with  the  fatty  matter; 
the  face  was  no  longer  distinguishable  in  the 
greatest  number  of  subjects ;  the  mouth,  dis- 
organized, exhibited  neither  tongue  nor  pa- 
late ;  and  the  jaws,  luxated  and  more  or  less 
displaced,  were  environed  with  irregular  layers 
of  the  white  matter.  Some  pieces  of  the  same 
matter  usually  occupied  the  place  of  tbe  parts 
situated  in  the  mouth :  the  cartilages  of  the 
nose  participated  in  the  general  alteration  of 
tbe  sldn ;  the  orbits,  instead  of  eyes,  contained 
white  masses ;  the  ears  were  equally  disor- 
ganized ;  and  the  hairy  scalp,  having  under- 
gone a  similar  alteration  to  that  of  tibe  other 
organs,  still  retained  the  hair.  M.  Fourcroy 
remarks  incidentally,  that  the  hair  appears  to 
resist  every  alteration  much  longer  than  any 
other  part  of  the  body.  The  cranium  con- 
stantly contained  the  brain  contracted  in  bulk ; 
blackuh  at  the  surface^  and  absolutely  changed 
like  the  other  organs.  In  a  great  number  of 
subjects  which  were  examined,  this  viscus  was 
never  found  wanting,  and  it  was  always  in  the 
above-mentioned  state;  which  proves  that  the 
substance  of  the  brain  is  greatly  disposed  to 
be  converted  into  the  fot  matter. 

Such  was  tbe  state  of  the  bodies  fbund  in 
the  burial-ground  Des  Innocens.  Its  modi- 
fications were  ako  various.  Its  consistence 
in  bodies  lately  changed,  that  is  to  say,  from 
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three  to  five  yean,  yna  soft  and  very  ductile,  ment  socm  conYinoed  him  and  M.  F.  that  H 
containing  a  great  quantity  of  water.  In  was  very  fiur  from  being  in  the  state  of  an 
other  subjects  converted  into  this  matter  for  a  earth.  It  melted  by  heat,  and  exhaled  in  the 
long  time,  such  as  those  which  occupied  the  form  of  vapour,  which  had  the  smell  of  a  very 
cavities  which  had  been  closed  thirty  or  forty  fetid  fat :  spirit  of  wine  separated  a  concres- 
years,  this  matter  b  drier,  more  brittle,  and  able  oil,  which  appeared  to  possess  all  the 
in  denser  flakes.  In  several  which  were  de-  properties  of  spermacetL  Each  of  the  three 
posited  in  dry  earth,  various  portions  of  the  alkalis  converted  it  into  soap ;  and,  in  a  word, 
fiitty  matter  had  become  semitransparent.  The  it  exhibited  all  the  properties  of  the  fatty 
aspect,  the  granulated  texture,  and  brittleneas  matter  in  the  burial-ground  of  the  Innocents 
of  this  dried  matter,  bore  a  considerable  re-  exposed  for  several  months  to  the  air.  Here 
semblance  to  wax.  then  was  a  glandular  organ,  which  in  the 

The  period  of  the  formation  of  this  sub-  midst  of  the  atmosphere  had  undergone  a 
stance  had  likewise  an  influence  on  its  pro-  change  similar  to  that  of  the  bodies  in  the 
perties.  In  general,  all  that  had  been  form-  burying-place ;  and  this  tact  sufficiently 
ed  for  a  long  time  was  white,  uniform,  and  shows,  that  an  animal  substance,  which  is 
contained  no  foreign  substance,  or  fibrous  re^  very  far  from  being  of  the  nature  of  grease, 
mains ;  such,  in  particular,  was  that  afforded  may  be  totally  converted  into  this  fatty  sub- 
by  the  skin  of  the  extremities.     On  the  con-     stance. 

trary,  in  bodies  recently  changed,  the  fiitty         Among  the  modifications  of  this  remark- 
matter  was  neither  so  uniform  nor  so  pure  as     able  substance  in  the  burying-ground  before 
in  the  former ;  but  it  was  still  found  to  con-     mentioned,   it  was  observed  that  the  dry, 
tain  portions  of  muscles,  tendons,  and  liga-     friable,  and  brittie  matter,  was  most  com- 
ments, tiie  texture  of  which,  though  already     monly  found  near  the  surface  of  the  earth, 
altered  and  changed  in  its  colour,  was  still     and  the  soft  ductile  matter  at  a  greater  depth, 
distinguishable.    Accordingly,  as  the  conver-     M.  Fourcroy  remarks,  that  this  dry  matter  did 
sion  was  more  or  less  advanced,  tliese  fibrous     not  differ  from  tlie  other  merely  in  containing 
remains  were  more  or  less  penetrated  with  the     less  water,  but  likewise  by  the  volatilisation 
fatty  matter,  interposed  as  it  were  between  the     of  one  of  its  principles, 
interstices  of  the  fibres.     This  observation         The  grave-diggers  assert,  that  near  three 
shows,  that  it  is  not  merely  the  fat  which  is     years  are  required  to  convert  a  body  into  this 
thus  Changed,  as  was  natural  enough  to  think     fatty  substance.     But  Dr  Gibbes  of  Oxford 
at  first  sight.    Other  facts  confirm  this  asser-     found,  that  lean  beef  secured  in  a  mnning 
tion.     The  skin,  as  has  been  remarked,  be-     stream  was  converted  into  this  fatty  matter  at 
comes  easily  converted  into  very  pure  white     the  end  of  a  month.     He  judges  from  fkcts, 
matter,  as  does  likewise  the  brain,  neither  of    that  running  water  is  most  favourable  to  this 
which  has  been  considered  by  anatomists  to  be     process.     He  took  three  lean  pieces  of  mut- 
fat     It  is  true,  nevertheless,  tiiat  the  unc-     ton,  and  poured  on  each  a  quantity  of  the 
tuous  parts,  and  bodies  chai^ged  with  fat,     three  common  mineral  acids.     At  the  end  of 
appear  more  easily  and  speedily  to  pass  to  the     three  days,  each  was  much  changed :— 4hat  in 
state  under  consideration.     Tliis  was  seen  in     the  nitric  add  was  very  sof^  and  converted 
the  marrow  which  occupied  the  cavities  of  the     into  the  fatty  matter ;  that  in  the  muriatic 
longer  bones.    And  again,  it  is  not  to  be  sup-    .  add  was  not  in  that  time  so  much  altered  ; 
posed  but  that  the  greater  part  of  these  bodies     the  sulphuric  add  had  turned  the  other  black, 
had  been  emaciated  by  the  illness  which  ter-     M.  Lavoisier  thinks  that  this  process  may 
minated  dieir  lives ;  notwithstanding  which,     hereafter  prove  of  great  use  in  society.     It 
they  were  all  absolutely  turned  into  this  fatty     is  not  easy  to  point  out  what  animsJ  sub- 
substance,  stance,  or  what  situation,  might  be  the  best 
An  experiment  made  by  M.  PoiAletier  de     adapted  for  an  undertaking  of  this  kind.    M. 
la  Salle,  and  Fourcroy  likewise,  evinced  that     L.  points  out  fecal  matters ;  but  I  have  not 
a  conversion  does  not  take  place  in  the  fat     heard  of  any  conversion  having  taken  place 
alone.     M.  Poulletier  had  suspended  in  his     in  these  animal  remains,  similar  to  that  of  the 
laboratory  a  small  piece  of  the  human  liver,     foregoing. 

to  observe  what  would  arise  to  it  by  the  con-  The  result  of  M.  Fourcroy*s  inquiries  into 
tact  of  the  air.  It  partly  putrefied,  without,  the  ordinary  changes  of  bodies  recentiy  de- 
however,  emitting  any  very  noisome  smelL  posited  in  the  earUi,  was  not  very  extensive. 
Larvte  of  the  dermestes  and  bruchus  attacked  The  grave-diggers  informed  him,  that  those 
and  penetrated  it  in  various  directions:  at  last  bodies  interred  do  not  perceptibly  change 
it  became  dry,  and  afler  more  than  ten  years'  colour  for  the  first  seven  or  eight  days;  that 
suspension,  it  was  converted  into  a  white  the  putrid  process  disengages  elastic  fluid, 
friable  substance  resembling  dried  agaric,  which  inflates  the  abdomen,  and  at  length 
which  might  have  been  taken  for  an  earthy  bursts  it ;  that  this  event  instantly  causes 
substance.  In  this  state  it  had  no  perceptible  vertigo,  faintness  and  nausea,  in  such  persons 
smelL  M.  Poulletier  was  desirous  of  know-  '  as  unfortunately  are  within  a  certain  distance 
ing  the  state  of  this  animal  matter,  and  experi-    of  the  scene  where  it  takes  place ;  but  that 
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when  the  object  of  its  actum  is  nearer,  a  sud- 
den privation  of  senae^  and  frequently  death, 
is  the  consequence.  These  men  are  taught 
by  experience,  that  no  immediate  danger  is  to 
be  fiwred  from  the  disgusting  business  they 
are  engaged  in,  excepting  at  this  period,  which 
they  regud  with  the  utmost  terror.  Tliey  re- 
sisted every  inducement  and  persuasion  which 
these  philosophers  nuule  use  of,  to  prevail  on 
them  to  assist  their  researches  into  the  nature 
of  this  active  and  pernicious  vapour.  M. 
Fourcroy  takes  occasaon  from  these  facts,  as 
well  as  from  the  pallid  and  unwholesome 
appearance  of  the  gtave-diggers,  to  reprobate 
burials  in  great  towns  or  their  ricinity. 

Such  bodies  as  are  interred  alone,  in  the 
midst  of  a  great  quantity  of  humid  earth,  are 
totally  destroyed  by  passing  through  tlie  suc- 
cessive d^^rees  of  the  ordinary  putrefaction ; 
and  this  destruction  is  more  speedy,  the 
warmer  the  temperature.  But  if  these  in- 
sulated bodies  be  dry  and  emaciated ;  if  the 
place  of  deposition  be  likewise  dry,  and  the 
locality  and  other  circumstances  such,  that 
the  earth,  so  far  from  receiving  moisture  from 
the  atmosphere,  becomes  still  more  effectually 
parched  by  the  solar  rajrs,— 4lie  animal  juices 
are  volatilised  and  absorbed,  the  solids  con- 
tract and  harden,  and  a  peculiar  species  of 
mummy  is  produced.  But  every  circum- 
stance is  very  different  in  the  common  bury- 
ing-grounds.  Heaped  together  almost  in 
contact,  the  influence  of  external  bodies  af- 
fects them  scarcely  at  all,  and  they  become 
abandoned  to  a  peculiar  disorganisation, 
whidi  destroys  their  texture,  and  produces 
the  new  and  most  permanent  state  of  comln- 
naUon  here  described.  From  various  obsei^ 
vadons,  which  1  do  not  here  extract,  it  was 
found,  that  this  fatty  matter  was  capable  of 
enduring  in  these  burying-places  for  thirty 
or  forty  years,  and  is  at  length  corroded  and 
carried  off  by  the  aqueous  putrid  humidity 
which  there  abounds. 

Among  other  interesting  facts  afforded  by 
the  chemical  examination  of  this  substance^ 
are  the  following  fnmi  experiments  by  M. 
Fourcroy. 

1.  This  substance  is  fused  at  a  less  degree 
of  heat  than  that  of  boiling  water,  and  may 
be  purified  by  pressure  tlirough  a  cloth,  which 
disengages  a  portion  of  fibrous  and  bony  mat- 
ter. 2.  The  process  of  destructive  distillation 
by  a  very  grsduated  heat  was  b^pm,  but  not 
oompleied  on  account  of  its  tediousness,  and 
the  little  promise  of  advantage  it  afforded. 
The  products  which  came  over  were  water 
charged  with  volatile  alkali,  a  fat  oil,  concrete 
volatile  alkali,  and  no  elastic  fluid  during  the 
time  the  operation  was  continued.  3.  Frag- 
ments of  the  fatty  matter  exposed  to  the  air 
during  the  hot  and  dry  summer  of  1786,  be- 
came dry,  brittle,  and  almost  pulverulent  «t 
the  surface.  On  a  careful  examination,  cer- 
tain portioos  were  observed  to  be  semitrans- 


parent,  and  more  brittle  than  the  rest    These 
possessed  all  the  apparent  properties  of  wax, 
and  did  not  afi'ord  volatUe  alkali  by  dislilhi- 
tion.     4.  With  water  this  fatty  matter  exhi- 
bited all  the  appearances  of  soap,  and  afford- 
ed a  strong  lather.     The  dried  substance  did 
not  form  the  saponaceous  combination  with 
the  same  facility  or  perfection  as  that  which 
was  recent     About  two-thirds  of  this  dried 
matter  separated  from  the  water  by  cooling, 
and  proved  to  l)e  the  semitransparent  sub- 
stance  resembling  wax.      This  was  taken 
from  the  surface  of  the  soapy  liquor,  which 
being  then  passed  through  th^  filter,  left  a 
white  soft  shining  matter,  which  was  fusible 
and  combustible.     5.  Attempts  were  made 
to  ascertain  the  quantity  of  voktile  alkali  in 
this  substance,  by  the  application  of  lime, 
and  of  the  fix«l  alkalis,  but  without  success; 
for  it  was  difficult  to  collect  and  appreciate 
the  first  portions  which  escaped,  and  likewise 
to  disengage  the  last  portions.     The  caustic 
volatile  alkali,  with  the  assistance  of  a  gentle 
heat,  dissolved  the  fatty  matter,  and  the  solu- 
tion became  perfectly  clear  and  transparent 
at  the  boiling  temperature  of  the  mixture, 
which  was  185°  F.     6.  Sulphuric  add,  of 
the  specific  gravity  of  2.0,  was  poured  upon 
six  times  its  weight  of  the  fatty  matter,  and 
mixed  by  agitation.    Heat  was  produced,  and 
a  gas  or  e£9uvium  of  the  most  insupportable 
putrescence  was  emitted,  which  infected  the 
air  of  an  extensive  laboratory  for  several  days. 
M.  Fourcroy  says,  that  the  smell  cannot  be 
described,  but  that  it  is  one  of  the  most  horrid 
and  repulsive  that  can  be  imagined.     It  did 
not,  however,  produce  any  indisposition  either 
in  himself  or  his  assistants.    By  dilution  with 
water,  and  the  ordinary  processes  of  evapora- 
tion and  cooling,  properly  repeated,  the  sul- 
phates of  ammonia  and  of  lime  were  <rf)tain- 
ed.     A  substance   was  separated  from  the 
liquor,  which  appeared  to  be  the  waxy  mat- 
ter, somewhat  altered  by  the  action  of  the 
add.   '  7.  The  nitrous  and  muriatic  adds 
were  also  applied,  and  afforded  phenomena 
worthy  of  remark,  but  which  for  the  sake  of 
conciseness  are  here  omitted.     8.  Alcohol 
does  not  act  on  this  matter  at  the  ordinary 
temperature  of  the  air.      But  by  boiling  it 
dissolves  one-third  of  its  own  weight,  which 
is  almost  totally  separable  by  cooling  as  low 
as  55°,      The  alcohol,  after  this  process, 
affords  by  evaporation  a  portion  of  that  waxy 
nuUter  which  is  separable  by  acids,  and  is 
therefore  the  only  portion  soluble  in  cold  al- 
cohol.   Hie  quantity  of  fatty  matter  operated 
on  was  4  ounces,  or  2304  grains,  of  which 
the  boiling  spirit  took  up  the  whole  except 
26  grains,  which  proved  to  be  a  mixture  of 
20  grains  of  ammoniacal  soap,  and  6  or  8 
grains  of  the  phosphates  of  soda  and  lime. 
From  this  experiment,  which  was  three  times 
repeated  with  similar  results,  it  appears  that 
alcohol  is  well  suited  to  afford  an  analysia  of 
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the  fatty  matter.  It  does  not  dissolve  the  are  subject.  In  the  modern  chemistiT^  soft 
neutral  salts ;  when  cold,  it  dissolves  that  animal  matters  are  considered  as  a  composi- 
portlon  of  concrete  animal  oil  from  iirhich  tion  of  the  oxides  of  hydrogen  and  carbonated 
the  volatile  alksli  hsd  flown  off;  and  when  asote,  more  complicated  than  those  of  vege- 
heated,  it  dissolves  the  whole  of  the  truly  table  matters,  and  therefore  more  incessantly 
saponaceous  matter,  which  u  afterwards  com-  tending  to  alteration.  If  then  the  carbon  be 
pletely  separated  by  cooling.  And  accord-  conceived  to  unite  with  the  oxygen,  either  of 
ingly  it  was  found,  that  a  thin  plate  of  the  the  water  which  is  present,  or  of  the  other 
fiitty  matter,  which  had  lost  nearly  the  whole  animal  matters,  and  thus  escape  in  large 
of  its  volatile  alkali  by  exposure  to  the  air  quantities  in  the  form  of  catbonic  acid  gas, 
for  three  years,  was  almost  totally  dissolved  we  shall  perceive  the  reason  why  this  con- 
by  the  cold  alcohol.  version  is  attended  with  so  great  a  loss  of 

The  concrete  oily  or  waxy  substance  ob-  weight,   namely,  about  nine-tenths  of  the 

tained  in  these  experiments  constitutes  the  whole.     The  azote,  a  principle  so  abundant 

leading  object  of  research,  as  being  the  pecu-  in  animal  matters,  will  form  ammonia  by 

liar  substance  with  which   the  other  well  combining  with  the  hydrogen ;  part  of  this 

known  matters  are  combined.     It  separates  will  escape  in  the  vaporous  form,  and  the  rest 

spontaneously  by  the  action  of  the  air,  as  well  will  remain  fixed  in  the  fatty  matter.     The 

as  by  that  of  acids.    Tliese  last  separate  it  in  residue  of  the  animal  matters,  deprived  of  a 

a  state  of  greater  purity,  the  less  disposed  the  great  part  of  their  carbon,  of  their  oxygen, 

acid  may  be  to  operate  in  the  way  of  com-  and  the  whole  of  their  azote,  will  consist  of  a 

bustion.     It  is  requisite,  therefore,  for  this  much  greater  proportion  of  hydrogen,  to- 

purpose,  that  the  fatty  matter  should  be  pre-  gether  with  caibon  and  a  minute  quantity  of 

viously  diffused  in  12  times  its  weight  of  hot  oxygen.      This,  according  to  the  theory  of 

water ;  and  the  muriatic  or  acetous  add  is  M.  Fourcroy,  constitutes  Uie  waxy  matter,  or 

preferable  to  the  sulphuric  or  nitrous,     llie  adipocere,  which,  in  combination  with  am- 

colour  of  the  waxy  matter  is  greyish ;  and  monia,  forms  the  animal  soap  into  which  the 

tiiougfa  exposure  to  the  air,  and  also  the  ac-  deed  bodies  are  thus  converted, 
tion  of  the  oxygenated  muriatic  add,  pro-         Muscular  fibre,  macerated  in  dilute  nitric 

duced  an  apparent  whitenessi,  it  nevertheless  add,  and  afterwards  well  washed  in  warm 

disappeared  by  subsequent  fusion.     No  me-  water,  affords  pure  adipocere,  of  a  light  yeU 

thod  was  discovered  by  which  it  could  be  low  colour,  nearly  of  the  consistence  of  taU 

permanently  bleached.  low,  of  a  homogeneous  texture,  and  of  course 

The  nature  of  this  wax  or  fiit  is  different  free  from  ammonia.      This  is  the  mode  in 

from  that  of  any  other  known  substance  of  which  it  is  now  commonly  procured  for  che- 

the  like  kind.    When  slowly  cooled  after  fu-  mical  experiment. 

sion,  its  texture  appears  crystalline  or  shivery.  This  curious  substance  has  been  more  re- 
like  spermaceti ;  but  a  speedy  cooling  gives  bently  examined  by  ChevreuL  He  found  it 
it  a  semitransparency  resembling  virax.  Upon  composed  of  a  small  quantity  of  ammonia, 
tlie  whole,  nevertheless,  it  seems  to  approach  potash,  and  lime,  united  to  much  margarine, 
more  nearly  to  the  former  than  to  the  latter  and  to  a  very  little  of  another  fatty  matter  dif- 
of  these  bodies.  It  has  less  smell  than  sper-  ferent  from  that.  Weak  muriatic  acid  seizea 
maceti,  and  melts  at  127^  F. ;  Dr  fiostock  the  three  alkaline  bases.  On  treating  the 
says  92°.  Spermaceti  requires  6*>  more  of  heat  residue  with  a  solution  of  potash,  the  marg». 
to  fuse  it  (according  to  Dr  Bostock  20^).  rine  is  predpitated  in  the  form  of  a  pearly 
Hie  spermaceti  did  not  so  speedily  become  substance,  while  the  other  fat  remains  dis- 
brittle  by  cooling  as  the  adipocere.  One  solved.  Fourcroy  being  of  opinion  that  the 
ounce  of  alcohol,  of  the  strength  between  39  fatty  matter  of  animal  carcasses,  the  sub- 
and  40  degrees  of  Bauro6*8  aerometer,  dis^  stance  of  biliary  calculi,  and  spermaceti,  were 
solved  when  bcnling  hot  12  gros«of  this  sub-  nearly  identical,  gave  them  the  same  name 
stance ;  but  the  same  quantity  in  like  circum-  of  adipocere ;  but  it  appears  from  the  re- 
staiices  dissolved  only  30  or  36  grains  of  searches  of  M.  Chevreul,  that  these  substan- 
spermaceti.  Tlie  separation  of  these  matters  ces  are  very  different  from  each  other, 
was  also  remarkably  different,  the  spermaceti  In  the  Philosophical  Transactions  for  1813 
being  more  speedily  deposited,  and  in  a  there  is  a  very  interesting  paper  on  the  above 
much  more  regular  and  crystalline  form,  subject,  by  Sir  £.  Home  and  Mr  Brande. 
Ammonia  dissolves  it  wltli  singular  fadlity,  '  He  adduces  many  curious  facts  to  prove  that 
and  even  in  the  cold,  this  concrete  oil  separates  adipocere  is  formed  by  an  incipient  and  in^ 
from  the  fiitty  matter ;  and  by  heat  it  forms  a  complete  putrefaction.  Mary  Howard,  aged 
'transparent  solution,  which  is  a  true  soap.  44,  died  on  the  12th  May  1790,  and  was 
But  no  excess  of  ammonia  can  produce  such  buried  in  a  grave  ten  feet  deep,  at  the  east 
an  effect  with  spermaceti.  end  of  Shorediteh  church-yard,  ten  feet  to 

M.  Fourcroy  concludes  his  memoir  with  the  east  of  the  great  common  sewer,  which 

some  speculations  on  the  change  to  which  runs  from  north  to  south,  and  has  always  & 

animal  substances  in  peculiar  drcumstances  current  of  water  in  it,  the  usual  level  of  which 
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feet  below  the  level  of  ihe  ground*  \y  death.  Fat  thus  appears  to  be  formeci  iii 
and  two  feet  above  the  level  of  the  coffins  in  the  intestines,  and  from  thence  received  into 
the  graves.  In  August  1811  the  body  was  the  circulation,  and  deposited  in  almost  every 
taken  up,  with  some  others  buried  near  it,  part  of  the  body.  And  as  there  appears  to 
for  the  purpose  of  building  a  vault,  and  the  be  no  direct  channels  by  which  any  super- 
flesh  in  all  of  them  was  converted  into  adi-  abundance  of  it  can  be  thrown  out  of  the 
pocere  or  spennaceti*  At  the  full  and  new  body,  whenever  its  supply  exceeds  the  con- 
Bsoon  the  tide  raises  water  into  the  graves,  sumption,  its  accumulation  becomes  a  disease, 
wfaicfa  at  other  times  are  dry.  To  explain  and  oflen  a  very  distressing  one.  See  Bi- 
the  extraordinary  quantities  of  fat  or  adipo-  liary  Concbetions,  Margaune,  and  In- 
cere  formed  by  animals  of  a  certain  intestinal  testinal  CONCREXiONSb 
construction.  Sir  £.  observes,  that  the  current  A  DI T,  in  mining,  is  a  subterraneous  pasa- 
of  water  which  passes  through  their  colon,  age  slightly  inclined,  alx>ut  six  feet  high,  and 
while  the  loculated  lateral  parts  are  full  of  two  or  three  feet  wide^  begun  at  the  bottom 
solid  niatter,  places  the  solid  contents  in  of  a  neighbouring  valley,  and  continued  up 
somewhat  similar  circumstances  to  dead  bo-  to  the  vein,  for  &e  purpose  of  canying  out 
dies  in  the  banks  of  a  common  sewer.  the  minerals  and  drawing  off  the  water.  If 
The  circumstance  of  ambergris,  which  con-  the  mine  require  draining  by  a  steam-engine 
tuns  60  per  cent  of  fat,  being  found  in  im-  from  a  greater  depth,  the  water  need  be  raised 
Dense  quantities  in  the  lower  intestines  of  the  only  to  the  level  of  the  adit  Tliere  is  a 
tpermaceci  whales,  and  never  higher  up  than  good  account  of  the  Comith  aditsy  by  Mr  W. 
seven  feet  from  ^e  anus,  is  an  undeniable  Philips,  Tirans.  Geol.  Soc.  voL  ii. ;  and  of 
proof  of  firt  being  formed  in  the  intestines ;  adits  in  general,  article  Galerie,  Brogniart's 
and  as  ambeigris  is  only  met  with  in  whales  Mineralogy,  voL  ii. 

oat  of  health,  it  is  most  probably  collected         ADOPTER.     A  vessel  with  two  necks 

there  from  the  absorfoenti,  under  the  influence  placed  between  a  retort  and  a  receiver,  and 

of  disease,  not  acting  so  as  to  take  it  into  the  serving  to  increase  the  length  of  the  neck  of 

constitution.     In  the  human  colon,    solid  the  former.     See  Laboratory. 
masses  of  fisit  are  sometimes  met  with  in  a         ADULARIA.     See  Felspar. 
Saaaed  state  of  that  canal,  and  are  called         AERATED   ALKALINE  WATER* 

scj/bala.     A  description  and  analysis  by  me  See  Acid  (Carbonic). 
of  a  mass  of  ambergris,  extracted  in  Perth-         AERIAL  ACID.     See  Acid  (Carbo> 

shire  from  the  rectum  of  a  living  woman,  Nic). 

were  published  in  a  London  Medical  Journal         AEROLITE,  or  Meteoric  Stone.   Sea 

in  September  1817.     lliere  is  a  case  com-  Meteorite. 

nunicated  by  Dr  Babington,  of  fat  formed         AEROMETER.     Hie  name  given  by 

in  the  intestines  of  a  girl  four  and  a  half  Dr  M.  Hall  to  an  ingenious  instrument  of 

yeara  old,  and  passing  off  by  stooL     Mr  his  invention,  for  making  the  necessary  cot* 

Brmode  found,  on  the  suggestion  of  Sir  E.  rections  in  pneumatic  experiments  to  asoer- 

Home^  that  muscle  cligested  in  bile,  is  con-  tain  the  mean  bulk  of  the  gases.     It  consuts 

vertible  into  &t  at  the  temperature  of  about  c»f  a  bulb  of  glass  44  cubic  inches  capacity, 

100°.     If  the  substance^  however,  pass  ra-  blown  at  the  end  of  a  long  tube  whose  capa^ 

pidly  into  putrefaction,  no  fiit  is  formed,  city  is  one  cubic  inch,     lliis  tube  is  inserted 

Faeces. voided  by  a  gouty  gentleman  after  six  into  another  tube  of  nearly  equal  length,  sup- 

4]ays*  constipation,  yielded,  on  infusion  in  ported  on  a  sole.    The  first  tube  is  sustained 

water,  a  fittty  film.    This  process  of  forming  at  any  height  within  the  second,  by  means  of 

lat  in  the  lower  intestines  by  means  of  bile,  a  spring.     Five  cubic  inches  of  atmospheric 

throws  considerable  light  upon  the  nourish-  air,  at  a  medium  pressure  and  temperature, 

aent  derived  from  dystera,— «  fact  well  as-  are  to  be  introduced  into  the  bulb  and  tube, 

ffwtained,  hot  which  could  not  be  explained,  of  the  latter  of  which  it  will  occupy  one-half: 

It  also  accounts  for  the  wasting  of  the  body  the  other  half  of  this  tube,  and  part  of  the 

wbidi  fo  invariaUy  attends  all  complaints  of  tube  into  which  it  is  inserted,  are  to  be  occu- 

Ifae  lower  bowels.     It  accounts,  too»  for  all  pied  by  the  fluid  of  the  pneumatic  trough, 

the  varieties  in  the  turns  of  the  colon,  which  whether  water  or  mercury.    The  point  of  the 

meet  with  in  so  great  a  degree  in  different  tube  at  which  the  air  and  fluid  meet  is  to  be 


animals.     This  property  of  the  bile  explains     marked  by  the  figure  5,  denoting  5  cubic 
the  formation  of  fiuty  concretions  in     inches.     The  upper  and  lower  halves  of  the 


the  gall-bladder  so  commonly  met  with,  and  tube  are  each  divided  into  five  parts,  repre- 

wfaich,  from  these  experiments,  appear  to  be  aenting  tenths  of  a  cubic  inch.     The  exter- 

pmduced  by  the  action  of  the  bile  on  the  nal  tube  has  a  scale  of  inches  attached. 

mucus  secreted  in  the  gall-bladder ;  and  it  Journal  of  Scieneey  vol.  v.     See  Gas,  and 

enablea  us  to  understand  how  want  of  the  Appendix. 

galUbladder  in  children,  from  malformation,         AEROSTATION.    A  name  commonly, 

is  attended  with  excessive  leanness,  notwitli-  but  not  very  correctly,  given  to  the  art  of 

landing  a  great  i^petite^  and  leads  to  an  ear-  raising  heavy  bodies  into  the  atmosphere;,  by 
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the  buoyancy  of  heated  air,  or  gases  of  small 
specific  gravity,  enclosed  in  a  hag,  ifiiiich, 
firom  being  usually  of  a  spheroidal  fonn,  is 
called  a  balloon.  Of  all  the  possible  shapes, 
the  globular  admits  the  greatest  capacity  under 
tiie  least  surface.  Hence,  of  two  bags  of  the 
same  capacity,  if  one  b^  spherical,  and  the 
other  of  any  other  shape,  the  former  will  con- 
tain the  least  quantity  of  cloth,  or  the  least 
surface.  The  spheroidal  form  is  therefore 
best  fitted  for  aerostation.  Varnished  lute- 
string or  muslin  are  employed  for  the  en- 
Tdopes.  The  following  table  shows  the  re- 
lation betwixt  the  diameters,  surfaces,  and 
capacities  of  spheres : 

Dfameten.     Surfinei.        Cipsdtiei. 

1  a  141  0.523 

2  12.567  4.188 

3  2a274  14.137 

4  50.265  3a51 

5  78.54  65.45 
10        314u  159        52a6 
15        706.9          1767.1 
20      1256.6          4189. 
25      196a5          8181. 
30      2827.          14137. 
40      5026.          33510. 

Having  ascertained  by  experiment  the 
weight  of  a  square  foot  of  the  varnished 
doth,  we  find,  by  inspection  in  the  above 
table,  a  multiplier,  whence  we  readily  com^ 
pute  the  total  weight  of  the  balloon.  A 
cubic  foot  of  atmospheric  air  weighs  527  gr. 
and  a  cubic  foot  of  hydrogen  about  &• 
But  as  the  gas  employed  to  fill  balloons  is 
never  pure,  we  must  estimate  its  weight 
at  something  more.  And  perhaps,  taking 
every  thing  into  account,  we  shall  find  it  a 
convenient  and  sufificiently  precise  rule  for 
aerostation,  to  consider  every  cubic  foot  of 
included  gas  to  have  by  itself  a  buoyancy  of 
fully  one  ounce  avoirdupois.  Hence  a  bal- 
loon of  10  feet  diameter  will  have  an  ascen- 
sional force  of  fully  524  oz.  or  33  lbs.  minu» 
the  weight  of  the  314  superficial  feet  of 
doth ;  and  one  of  30  feet  diameter,  a  buoy- 
ancy of  fully  14137  oz.,  or  nearly  890  lbs. 
minus  tlie  weight  of  the  2827  feet  of  cloth. 
On  this  calculation  no  allowance  need  be 
made  for  the  seams  of  the  balloon.  See  the 
article  Varnish. 

^TITES,  or  Eagle  Stone,  is  a  name 
that  has  been  given  to  a  kind  of  hollow 
geodes  of  oxide  of  iron,  often  mixed  with 
a  larger  or  smaller  quantity  of  silex  and  alu- 
mina, containing  in  their  cavity  some  con- 
cretions, which  rattle  on  shaking  the  stone. 
It  is  of  a  dull  pale  colour,  composed  of  con- 
centric layers  of  various  magnitudes,  of  an 
oval  or  polygonal  form,  and  often  polished. 
Eagles  were  said  to  carry  them  to  their  nests, 
whence  their  name ;  and  superstition  formerly 
ascribed  wonderful  virtues  to  them. 

AFFINITY  (CHEMICAL).  See  At- 
TEAcnoN  (Chemical^. 


AGALMATOLITE.  See  BildsTein. 
'  AGAKICUSb  The  mushroom,  a  genua 
of  the  order  Fungi.  Mushrooms  appear  to 
approach  nearer  to  the  nature  of  animal  mat- 
ter than  any  other  productions  of  the  vege- 
table kingdom,  as,  beside  hydrogen,  oxygen, 
and  carbon,  they  contain  a  considerable  por- 
tion of  nitrogen,  and  yield  ammonia  by  dis- 
tillation. Prof.  Proust  has  likewise  disco- 
vered in  them  the  benzene  add,  and  phosphate 
of  Ume. 

A  few  of  the  spedes  are  eaten  in  thia 
country,  but  many  are  recorded  to  have  pro- 
duced poisonous  effects.  Perhaps  it  is  of 
importance,  that  they  should  be  fresh,  tho- 
roughly dressed,  and  not  of  a  coriaceous 
texture.  Our  ketchup  is  made  by  sprinkling 
mushrooms  with  salt,  and  letting  them  stand 
till  great  part  is  resolved  into  a  brown  liquor^ 
which  is  then  boiled  up  with  spices. 

In  pharmacy  two  spedes  of  boleius  have 
formerly  been  used  under  the  name  of  aga- 
ric Tlie  B,  jnni  lands,  or  maU  agaric  of 
the  shops,  was  given  as  a  purgative,  dther  in 
substance,  or  in  an  extract  made  with  vine- 
gar, wine,  or  an  alkaline  solution:  and  thfl 
B,  igtiiariusy  spunk  or  touchwood,  caUedye- 
male  agaric,  was  applied  externally  as  a  styp- 
tic, even  after  amputations.  For  this  purpose 
the  soft  inner  substance  was  taken  and  beat- 
en with  a  hammer,  to  render  it  still  softer. 
That  of  the  oak  was  preferred. 

The  mushrooms,  remarkable  for  the  quick- 
ness of  thdr  growth  and  decay,  as  well  as  for 
the  fetor  attending  their  spontaneous  decom- 
position, were  unaccountably  neglected  by 
analytical  chemists,  though  capable  of  re- 
warding thdr  trouble ;  as  is  evinced  by  the 
recent  investigations  and  discoveries  of  MM. 
Vauquelin  and  Braconnot  The  insoluble 
fungous  portion  of  the  mushroom,  though  it 
resembles  woody  fibre  in  some  respects,  yet 
being  less  soluble  than  it  in  alkalis,  and 
yielding  a  nutritive  food,  is  evidently  a  pe- 
culiar product,  to  which  accordingly  the  name 
of  fungin  has  been  given.  Two  new  vege- 
table adds,  the  boletic  and  fungic,  were  i^ 
fruits  of  these  researches. 

1.  Agaricus  campcstris,  an  ordinary  ar- 
ticle of  food,  analyzed  by  Vauqudin,  gave 
die  following  constituents:— 1.  Adipocere. 
On  expressing  the  juice  of  the  agaric,  and 
subjecting  the  remainder  to  the  action  of 
boiling  alcohol,  a  fatty  matter  is  extracted, 
which  falls  down  in  white  flakes  as  the  alco- 
hol cools.  It  has  a  dirty  white  colour,  a 
fatty  fed  like  spermaceti,  and,  exposed  to 
heat,  soon  melts,  and  then  exhales  the  odour 
of  grease.  2.  An  oil  jr  matter.  3.  Vegetable 
albumen.  4.  The  sugar  of  mushrooms. 
5.  An  animal  matter  soluble  in  water  and 
alcohol :  on  bdng  heated  it  evolves  the  odour 
of  roasting  meat,  like  osmazoroe.  6.  An  ani- 
mal matter  not  soluble  in  alcohol.  7.  Fun- 
gin.    8.  Acetate  of  potash. 
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2.  ^gofieuM  voivaeeut  affbrded  Braoonnot  a  dreadful  deUriuni,  and  acute  pains,  acccnn- 
fungin,  geladn,  vegecable  albumen,  much  panied  them  to  the  last  momenL  One  of 
phosphate  of  potash,  some  acetate  of  potash,  them  sunk  a  few  hours  after  his  admission  into 
sugar  of  mushrooms,  a  brown  oil,  adipocere,  the  hospital;  the  three  others  had  th6  same 
wax,  a  very  fugacious  deleterious  matter,  un-  fiite  in  tbe  course  of  the  night.  On  opening 
conlbined  acid,  supposed  to  be  the  acetic,  their  dead  bodies,  the  stomach  and  intestines 
benzoic  add,  muriate  of  potash,  and  a  deal  displayed  large  spots  of  inflammation  and 
of  water;  in  all  14  ingredients.  gangrene;  and  putrefaction  seemed  advanc- 

3.  Jgaticui  acris  or  piperahts,  was  found  ing  very  rapidly. 

by    Braconnot,  after  a  minute  analysis,  to         AGA KICUS  MINER ALIS,  the m<mfi* 

contain  nearly  the  same  ingredients  as  the  tain  milk  or  mowtiain  meat  of  the  Germans, 

preceding,  without  the  wax  and  bensoic  add,  is  one  of  the  purest  of  the  native  carbonates 

but  with  more  adipocere.  of  lime,  found  chiefly  in  the  clefts  of  rocks, 

4.  Agarieus  Mtt^pticut.  From  twenty  parts  and  at  the  bottom  of  some  lakes,  in  a  loose 
of  this  Braconnot  obtained  of  resin  and  adi-  or  semi-indurated  form.  It  has  been  used 
pooere  1.8,  fungin  16.7,  of  an  unknown  ge-  internally  in  hflraaorrfaages,  strangury,  gravel, 
latinous  substance,  ^  potash  salt,  and  a  fuga-  and  dysenteries ;  and  externally  as  an  appli- 
doua  acrid  prindple  1.5.  cation  to  old  ulcers,  and  weak  and  watery 

5.  Agqiicus  bulbotus  was  examined  by  eyes. 

Vauquelin,  who  found  the  following  consti-         M.  Fabroni  calls  by  the  name  of  mineral 

tuents ;— an  animal  matter  insoluble  in  alco-  ogariCf  or/bstii  meal,  a  stone  of  a  loose  con- 

hoi,  osmazome,  a  soft  fatty  matter  of  a  yel-  sistence  found  in  Tuscany  in  considerable 

low  colour  and  acrid  taste,  an  arid  salt  (not  abundance,  of  which  bricks  may  be  made^ 

a  phosphate).     The  insoluble  substance  of  ^^^  with  or  without  the  addition  of  a  twen- 

tfae  agaric  yielded  an  add  by  distillation.    Tn  ^^^  P"*^  ^^  *>^gil>  m>  ligbt  as  to  float  in 

Orfila*s  Toxicology  several  instances  are  de-  water;  and  which  he  supposes  the  andents 

tailed  of  the  fatal  effects  of  this  species  of  ^"^  ^^  making  their  floating  bricks.    This, 

mushroom  on  the  human  body.     Dogs  were  however,  is  very  different  from  tlie  preceding, 

killed  within  24  hours  by  smidl  quantities  of  p^  ^>^g  even  of  the  calcareous  genus,  since 

it  in  substance,  and  also  by  its  watery  and  '^  'PP^ars,  on  analysis,  to  consist  of  silex  55 

alcoholic  infusions;  but  water  distilled  from  P*'^  magnesia  15^  water  14,  argil  12,  lime 

it  waa  not  injurious.     It  is  curious  that  the  ^  ^°  ^'     Kirwan  calls  it  argitlo-muriie, 
animab  experienced  little  inconvenience  after         AGATE.     A  mineral,  whose  basis  is  cal- 

swallowing  it,  during  the  first  ten  hours ;  cedony,  blended  with  variable  proportions  of 


r,  cholera,  convulsions,  and  painful  j^per,  amethyst,  quartz,  opal,  heliotrope,  and 

cramps,  are  the  usual  symptoms  of  the  poison  cornelian. — Ribbon  agate  consists  of  alternate 

in  men.     The  best  remedy  is  an  emetic  '^  parallel  layers  of  calcedony  with  jasper, 

6.  Agarieus  theogolut.  In  this  Vauquelin  (puutz,  or  amethyst  The  most  beautiful 
found  sugar  of  mushrooms,  osmazome,  a  bit-  come*  from  Siberia  and  Saxony.  It  occurs 
ter  acrid  fatty  matter,  an  animal  matter  not  ^^  porphjrry  and  gndss. — Brecciated  agate  g 
soluble  in  alcohol,  a  salt  containing  a  vegeta^  \  ^^"^  of  amethyst,  containing  fragments  of 
ble  add.  ribbon  agate,  constitute  thb  beautiful  variety. 

7.  Agarieus  muscarius.  Vauquelin's  ana-  ^^  1^  <f  Saxon  origin.—- ForCt/Scofion  agate  is 
lysis  of  this  spedes  is  as  follows  :^The  two  fouod  in  nodules  of  various  imitative  shapes, 
animai  matters  of  the  last  agaric,  a  fatty  imbedded  in  amygdaloid.  This  occurs  at 
matter,  sulphate^  phosphate,  and  muriate  of  Oberstein  on  the  Rhine,  and  in  Scotland, 
potash,  a  volatile  add  from  the  insoluble  ^°  cutting  it  across,  and  polishing  it,  the  in- 
matter.  The  following  account  from  Orfila,  terior  sig-zag  parallel  lines  bear  a  considerable 
of  the  effects  of  this  spedes  on  the  animal  resemblance  to  the  plan  of  a  modem  fortifi- 
coonomy  b  interesting.  Several  F^nch  sol-  cation.  In  the  very  centre,  quartz  and  ame- 
diers  ate,  at  two  leagues  from  Polosck  in  thyst  are  seen  in  a  splintery  mass,  surrounded 
Ruasia,  mushrooms  ofthe  above  kind.  Four  hy  the  jasper  and  calcedony.— il/oc//a  stone* 
of  them,  of  a  robust  constitution,  who  con-  TVanslucent  calcedony,  containing  dark  out- 
cetved  themselves  proof  against  the  conse-  lines  of  arborization,  like  vegetable  filaments, 
qnences  under  which  their  feebler  companions  >>  called  Mocha  stone,  from  the  place  in 

beginning  to  suffer,  refused  obstinately  Arabia  where  it  is  chiefly  found.     These  cu- 


to  take  an  emetic.     In  the  evening  the  fol-  rious  appearances  were  ascribed  to  deposits  of 

lorwing  symptoms  appeared :— Anxiety,  sense  >n>n  or  manganese^  but  more  lately  they  have 

of  suflfbcation,  ardent  thirst,  intense  griping  heen  thought  to  arise  from  mineralized  pUmts 

pains,  a  small  and  irregular  pulse,  universal  of  the  cryptogamous  class.— Afoit  agate  is  a 

cold  sweats,  changed  expression  of  counte-  calcedony  with  variously  coloured  ramifica- 

nance,  violet  tint  of  the  nose  and  lips,  general  tions  of  a  vegetable  form,  occasionally  tra- 

trembling,  fedd  stools.     The  symptoms  be^  versedwithirregular  veins  of  red  jasper.    Dr 

coming  worse,  they  were  carried  to  the  hospi-  M'CuUoch  has  recently  detected,  what  Dau- 

taL     Coldness  and  liyid  colour  of  the  limbs,  benton  merely  conjectured,  in  mocha  and 
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mosB  agaiw,  aquatic  confenre»  unaltered  both 
in  colour  and  fonn,  and  also  coated  with  iron 
oxide. .  Mosses  and  lichens  have  also  been 
obaenred,  along  with  chlorite,  in  vegetations. 
An  onyx  agate  set  in  a  ring,  belonging  to  the 
Earl  of  Powis,  contains  the  chrysalis  of  a 
moth.  Agate  is  found  in  most  countries, 
chiefly  in  trap  rocks,  and  serpentine.  Hollow 
nodules  of  agate,  called  geodes,  present  inte- 
riorly crystals  of  quarts,  colourless  or  ame- 


be  conceived  to  remain{without  diange ;  and 
beyond  these,  any  further  subdivision  cannot 
be  made  without  developing  the  component 
parts,  namely,  the  alkali  and  the  acid ;  vrhich 
are  still  further  resolvable  into  their  consti- 
tuent principles. 

AGRICULTURE,  considered  as  a  de- 
partment of  chemistry,  is  a  subject  of  vast 
importance,  but  hitherto  much  neglected. 
When  we  consider  tliat  every  change  in  the 


thystine,  having  occasionally  scattered  crystals  arrangements  of  matter  connected  with  the 

of  stilbite,  chabasie,  and  capillary  mesotype.  growth  and  nourishment  of  plants;  thecom- 

Hiese  gcodes  are  very  common.     Bitumen  parative  values  of  their  produce  as  food ;  the 

lias  been  found  by  M.  Patrin  in  the  inside  of  composition  and  constitution  of  soils ;  and  the 

some  of  them,  among  the  hills  of  Dauria,  on  manner  in  which  lands  are  enriched  by  ma- 


the  right  bank  of  the  Chilca.  The  small 
geodes  of  volcanic  districts  contain  water  oc- 
casionally in  their  carities.  These  are  chiefly 
found  in  insulated  blocks  of  a  lava  having  an 
eardiy  fracture.  When  they  are  cracked,  the 
liquid  escapes  by  evaporation:   it  is  easily 


nure,  or  rendered  fertile  by  the  different  pro- 
cesses of  cultivation,— we  shall  not  hesitate  to 
assign  to  diemical  agriculture  a  high  place 
among  the  studies  of  man.  If  land  be  un- 
productive, and  a  system  of  ameliorating  it  is 
to  be  attempted,  the  sure  method  of  attaining 


restored  by  plunging  them  for  a  little  in  hot     this  object  is  by  determining  the  causes  of  its 


water.  Agates  are  artificially  coloured  by 
immersion  in  metallic  solutions.  Agates  were 
more  in  demand  formerly  than  at  present. 
They  were  cut  into  cups  and  plates/or  boxes ; 
and  also  into  cutlass  and  sabre  handles.  They 
are  still  cut  and  polished  on  a  considerable 
scale,  and  at  a  moderate  price,  at  Oberstein. 
Hie  surface  to  be  polished  is  first  coarsely 
ground  by  large  millstones  of  a  hard  reddish 
sandstone,  moved  by  water.  The  polish  is 
afterwards  given  on  a  wheel  of  soft  wood. 


sterility,  which  must  necessarily  depend  upon 
some  defect  in  the  constitution  of  the  soil, 
which  may  be  easily  discovered  by  chemical 
analysis.  Some  lands  of  good  apparent  tex- 
ture are  yet  eminently  barren ;  and  common 
observation  and  common  practice  afford  no 
means  of  ascertaining  the  causes,  or  of  re- 
moring  the  effect  The  application  of  che- 
mical tests  in  such  cases  is  obvious ;  for  the 
soil  must  contain  some  noxious  principle, 
which  may  be  easUy  discovered,  and  probably 


moistened  and  imbued  with  a  fine  powder  of     easily  destroyed.     Are  any  of  the  salts  of 


a  hard  red  trifutU  found  in  the  neighbourhood. 
M.  Faujas  thinks  that  this  trijHdi  is  produced 
by  the  decomposition  of  the  porphyrated  rock 
that  serves  as  a  gangue  to  the  agates.  Hie 
ancients  employed  agates  for  making  cameos. 
(See  Calcedony.)  Agate  mortars  are  valu- 
ed by  analytical  chemists,  for  reducing  hard 
minerals  to  an  impalpable  powder.  For  some 
interesting  optical  properties  of  agates,  see 

LlOBT. 

The  oriental  agate  is  almost  transparent, 
and  of  a  ritreous  appearance.  The  occidental 
is  of  various  colours,  and  often  veined  with 
quartz  or  jasper.  It  is  mostly  found  in  small 
pieces  covered  wiih  a  crust,  and  often  running 
in  veins  through  rocks  like  flint  and  petro- 


iron  present?  They  may  be  decomposed  by 
lime.  Is  there  an  excess  of  siliceous  sand? 
The  system  of  improvement  must  depend  on 
the  application  of  clay  and  calcareous  matter. 
Is  there  a  defect  of  calcareous  matter  ?  The 
remedy  is  obvious.  Is  an  excess  of  vegetable 
matter  indicated?  It  may  be  removed  by 
liming,  paring,  and  burning.  Is  there  a  defi- 
ciency of  vegetable  matter  ?  It  is  to  be  sup- 
plied by  manure.  Peat  earth  is  a  manure ; 
but  there  are  some  varieties  of  peats  whidi 
contain  so  large  a  quantity  of  ferruginous 
matter  as  to  be  absolutely  poisonous  to  plants. 
There  has  been  no  question  on  which  more 
difference  of  opinion  has  existed,  than  that 
of  the  state  in  which  manure  ouj^t  to  be 


silex,  from  which  it  does  not  seem  to  differ     ploughed  into  land ;  whether  recent,  or  when 


greatly.  Agates  are  most  prized,  when  the 
internal  figure  nearly  resembles  some  animal 
or  plant. 

AGGREGATE.  When  bodies  of  the 
same  kind  are  united,  the  only  consequence 
U,  that  one  larger  body  is  produced.  In  tbb 
case»  the  unit^  mass  is  called  an  aggregate, 
and  does  not  differ  in  its  chemical  properties 
from  the  bodies  from  which  it  was  originally 


it  has  gone  through  the  process  of  fermenta- 
tion. But  whoever  will  refer  to  the  simplest 
principles  of  chemistry,  ci^nnot  entertain  a 
doubt  on  the  subject.  As  soon  as  dung  be- 
gins to  decompose,  it  throws  off  its  volatile 
parts,  which  are  the  most  valuable  and  most 
efficient.  Dung  which  has  fermented  so  as 
to  become  a  mere  soft  cohesive  mass,  has 
generally  lost  from  one-third  to  one^half  of 


made.     Elementary  writers  call  the  smallest  its  most  useful  constituent  elements.    •  See  the 

parts  into  which  an  aggregate  can  be  dirided,  articles  Analysis,  Mandre,  Soils,   Veoe- 

without  destroying  its  chemical  properties,  in-  tation,   and   Sir  H.    Davy*s  jigricuUural 

tegrant  parts.     Thus  the  integrant  parts  of  ChemiHry, 
common  salt  are  the  smallest  parts  which  can         AIR  was,  till  lately,  used  as  the  generic 
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name  fbr  tncfa  inriiible  and  ezoeedbgly  rara  znaintaiiiiiig  aoy  combuidon  for  a  second 
fluids  as  posBHs  a  Yery  high  degree  of  elas-  time,  or  of  supporting  the  life  of  anhnals. 
tidky,  and  are  not  condensable  into  the  liquid  The  respiration  of  animals  produces  the 
state  by  any  degree  of  cold  hitherto  produced ;  same  effect  on  atmospherical  air  as  combus- 
bat  as  this  term  is  conunonly  employed  to  tion  does.     When  an  animal  is  included  in 
signify  that  compound  of  aeriform  fluids  a  limited  quantity  of  atmospherical  air,  it  dies 
nhich  constitutes  our  atmosphere,  it  has  been  as  soon  as  the  oxygen  is  consumed ;  and  no 
deemed  advisable  to  restrict  it  to  this  signiii-  other  air  will  maintain  animal  life  but  ozy- 
cation,  and  to  employ  as  the  generic  term  gen,  or  a  mixture  which  contains  it.     Pure 
the  word  Gab,  (which  see),  for  the  different  oxygen  maintains  the  life  of  animals  much 
kinds  of  air,  except  what  relates  to  our  at-  longer  than  atmospherical  air,  bulk  for  bulk, 
mospheric  compound.  It  is  to  be  particularly  observed,  however, 
AIR  (ATMOSPHERICAL  or  COM-  that,  in  many  cases  of  combustion,  the  oxy. 
MON).    The  immense  mass  of  permanently  gen  of  the  air,  in  combining  vritb  the  corn- 
elastic  fluid  whidi  surrounds  tlie  globe  we  bustible  body,  produces  a  compound,  not  solid 
inhabit,  must  consist  of  a  general  assemblage  or  liquid,  but  aeriform.    The  residual  air  will 
of  every  kind  of  air  which  can  be  formed  by  therefore  be  a  mixture  of  the  nitrogen  of  the 
the  various  bodies  that  compose  its  surface,  atmosphere  vrith  the  consumed  oxygen,  con- 
Most  of  these,  however,  are  absorbed  by  wa-  verted  into  another  gas.     Thus,  in  burning 
ter;  a  nurob<»'  of  them  are  decomposed  by  charcoal,  the  carbonic  acid  gas  generated, 
combination  vrith  each  other ;  and  some  of  mixes  with  the  residual  nitrogen,  and  makes 
them  are  seldom  disengaged  in  considerable  up  exactly,  when  the  effect  of  heat  ceases, 
quantities  by  the  processes  of  nature.    Hence  the  bulk  of  the  original  air.     The  breathing 
It  is  that  the  lower  atmosphere  consists  chiefly  of  animals,  in  like  manner,  changes  the  oxy- 
«f  oxygen  and  nitrogen,  together  vrith  mois-  gen  into  carbonic  acid  gas,  without  altering 
ture  and  the  occasional  vapours  or  exhala-  the  atmospherical  volume, 
tions  of  bodies.  There  are  many  provisions  in  nature,  by 

That  the  air  of  the  atmosphere  is  so  trans-  which  the  proportion  of  oxygen  in  the  atmo»> 
parent  as  to  be  invisible,  except  by  the  blue  phere,  which  is  continually  consumed  in  re- 
colour  it  reflects  when  in  very  large  masses,  spiradon  and  combusdon,  is  again  restored 
aa  is  seen  in  the  sky  or  region  above  us,  or  to  that  fluid.  In  fact  there  appears,  as  far  as 
in  viewing  extensive  landscapes ;  that  it  is  an  estimate  can  be  formed  of  the  great  and 
without  smell,  except  that  of  electricity,  which  general  operadons  of  nature^  to  be  at  least  as 
it  Bomedmes  very  manifestly  exhibits ;  alto-  great  an  emission  of  oxygen,  as  is  suflldent 
gether  without  taste,  and  impalpable ;  not  to  keep  the  general  mass  of  the  atmosphere 
condensable  by  any  degree  of  cold  into  the  at  the  same  degree  of  purity.  Most  plants 
dense  fluid  state,  though  easily  changing  its  emit  oxygen  in  the  sunshine.  Lastly,  if  to 
dimensions  with  its  temperature ;  that  it  gr»-  this  we  add  the  decomposition  of  water,  there 
Titates  and  is  highly  elastic  ;-^are  among  the  will  be  numerous  occasions  in  which  this 
numerous  observations  and  discoveries  which  fluid  will  supply  us  with  disengaged  oxygen ; 
do  honour  to  the  sagacity  of  the  philosophers  vvhile,  by  a  very  rational  supposition,  its  hy- 
of  the  seventeenth  century.  Iliey  likewise  drogen  may  be  considered  as  having  entered 
knew  that  this  fluid  is  indispensably  neces-  into  the  bodies  of  plants,  for  the  formation 
sary  to  combustion ;  but  no  one,  except  the  of  oils,  sugars,  mucilages,  &c  from  which  it 
great,  though  neglected  John  Mayow,  ap-  may  be  again  extricated, 
pears  to  have  formed  any  proper  notion  of  To  determine  the  respirability  or  purity  of 
its  manner  of  acting  in  that  process.  air,  it  is  evident  that  recourse  must  be  had  to 

The  air  of  the  Httmosphere,  like  other  its  comparative  efllcacy  in  maintaining  corn- 
fluids,  appears  to  be  capable  of  holding  bodies  bustion,  or  some  other  equivalent  process, 
in  solution.  This  subject  will  be  considered  under  the  ar- 

Mere  heating  or  cooling  does  not  affect  the  tide  Eudiometer. 

chemical  properties  of  atmospherical  air ;  but  From  the  latest  and  most  accurate  experi- 

actual  combustion,  or  any  process  of  the  same  ments,  the  proportion  of  oxygen  in  atmos- 

nature,  combines  its  oxygen,  and  leaves  its  pheric  air  is  by  measure  about  21  per  cent; 

nitrogen  separate.     Whenever  a  process  of  and  it  appears  to  be  very  nearly  the  same 

this  kind  is  carried  on  in  a  vessel  containing  whether  it  be  in  this  country  or  on  the  coast 

atmospherical  air,  which  is  enclosed  either  by  of  Guinea,  on  low  plains  or  lofty  mountains, 

inverting  the  vessel  over  mercury,  or  by  stop-  or  even  at  the  height  of  7250  yards  above  the 

ping  its  aperture  in  a  proper  manner,  it  is  level  of  the  sea,  as  ascertained  by  Gay  Lussac 

found  that  the  process  ceases  sAer  a  certain  in  his  aerial  voyage  in  September  1805.   The 

time ;  and  that  the  remaining  air  (if  a  com-  remainder  of  the  air  is  nitrogen,  with  a  small 

bustible  body  capable  of  solidifying  the  oxy-  portion  of  aqueous  vapour,  amounting  to 

gen,  such  as  phosphorus,  have  been  employ-  about  1  per  cent  in  the  driest  weather,  and  a 

«d)  has  lost  about  a  fifth  part  of  its  volume,  still  less  portion  of  carbonic  add,  not  exoeed- 

and  b  of  such  a  nature  as  to  be  incapable  of  ing  a  thousandth  part  of  the  whole. 
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As  oxygen  and  nitrogen  diflRnr  in  sped- 
6c  gravity  in  the  proportion  of  1.1  III  to 
0.9722,  it  has  been  presumed,  that  the  oxy- 
gen would  be  more  abundant  in  the  lower 
regions,  and  the  nitrogen  in  the  higher,  if 
they  constituted  a  mere  mechanical  mixture ; 
which  appears  contrary  to  the  fact  On  the 
other  hand  it  has  been  urged,  that  they  can- 
not be  in  the  state  of  chemical  combination, 
because  they  both  retain  their  distinct  pro- 
perties unaltered,  and  no  change  of  tempera- 
ture or  density  takes  place  on  their  union. 

To  get  rid  of  the  difficulty,  Mr  Dalton  of 
Manchester  framed  an  ingenious  hypothesis, 
that  the  particles  of  different  gases  neither 
attract  nor  repel  each  other;  so  that  one  gas 
expands  by  the  repulsion  of  its  own  particles, 
without  any  more  interruption  from  the  pre- 
sence of  another  gas,  than  if  it  were  in  a  va- 
cuum. This  would  account  for  the  state  of 
atmospheric  air,  it  is  true ;  but  it  does  not 
agree  with  certain  facts.  In  the  case  of  the 
carbonic  acid  gas  in  the  Grotto  del  Cano,  and 
over  the  surface  of  brewers*  vats,  why  does 
not  this  gas  expand  itself  freely  upward,  if 
the  superincumbent  gases  do  not  press  upon 
it  ?  Mr  Dalton  himself,  too^  instances  as  an 
argument  for  his  hypothesis,  that  oxygen  and 
hydrogen  gases,  when  mixed  by  agitation,  do 
not  separate  on  standing.  But  why  should 
either  oxygen  or  hydrogen  require  agitation, 
to  diffuse  it  through  a  vacuum,  in  which,  ac- 
cording to  Mr  Dalton,  it  is  placed? 

The  theory  of  BerthoUet  appears  consis- 
tent with  all  the  facts,  and  sufficient  to  ac- 
count for  the  phenomenon.  If  two  bodies 
be  capable  of  chemical  combination,  their 
particles  must  have  a  mutual  attraction  for 
each  other.  This  attraction,  however,  may 
be  so  opposed  by  concomitant  circumstances, 
that  it  may  be  diminished  in  any  degree. 
Tlius  we  know,  that  the  affinity  of  aggrega- 
tion may  occasion  a  body  to  combine  slowly 
with  a  substance  for  which  it  has  a  powerful 
affinity,  or  even  entirely  prevent  its  combine 
ing  with  it;  the  presence  of  a  third  substance 
may  equally  prevent  the  combination;  and 
so  may  the  absence  of  a  certain  quantity  of 
caloric  But  in  all  these  cases  the  attraction 
of  the  particles  must  subsist,  though  dimi- 
nished or  counteracted  by  opposing  circum- 
stances. Now  we  know  that  oxygen  and 
nitrogen  are  capable  of  combination ;  their 
particles,  therefore,  must  attract  each  other ; 
but  in  the  circumstances  in  which  they  are 
placed  in  our  atmosphere,  that  attraction  is 
prevented  from  exerting  itself  to  such  a  de- 
gree as  to  form  them  into  a  chemical  com^ 
pound,  though  it  operates  with  sufficient  force 
to  prevent  their  separating  by  their  difference 
of  specific  gravity.  ITius  the  state  of  the 
atmosphere  is  accounted  for,  and  every  dif- 
ficulty obviated,  without  any  new  hypothe- 
sis. 

The  exact  specific  gravity  of  atmospherical 


air,  compared  to  that  of  water,  is  a  very  nice 
and  important  problem.  By  reducing  to  60^ 
Fahr.  and  to  90  inches  of  the  barometer,  the 
resulto  obtained  with  great  care  by  MM.  Biot 
and  Arago,  the  specific  gravity  of  atmos- 
pherical air  appears  to  be  0.001220,  water 
being  represented  by  1.000000.  Tliis  relation 
expressed  fractionally  is  -g^?*  <"'  w>ter  is  820 
times  denser  than  atmospherical  tar,  Mr  Rice, 
in  the  77th  and  78th  numbers  of  the  Annals 
of  Philosophy,  deduces  from  Sir  Greorge 
Shuckburgh*s  experiments  0.00120655  for 
the  specific  gravity  of  air.  Tliis  number 
gives  water  to  air  as  827.437  to  1.  If  with 
Mr  Rice  we  take  the  cubic  inch  of  water  ss 
252.525  gr.  then  100  cubic  inches  of  air  by 
Biot's  experimento  will  weigh  30.808  grains, 
and  by  Mr  Rice's  estimate  30.519.  He  con- 
siders with  Dr  Prout  the  atmosphere  to  be  a 
compound  of  4  volumes  of  nitrogen  and  1  of 
oxygen ;  the  specific  gravity  of  the  first  being 
to  that  of  the  second  as  l.llll  to  0.9722. 
Hence 

0.8  vol  nitr.  sp.gr.  0.001 166=  0.000a?3 
0.2        oxy.  0.001340=0.000268 

0.001201 

The  numbers  are  transposed  in  the  Annals 
of  Philosophy  by  some  mistake. 

MM.  Biot  and  Arago  found  the  spedflc 
gravity  of  oxygen  to  be  -  1. 10359 

and  that  of  nitrogen,         -  0.96913 

air  being  reckoned  -  1.00000 

Or  compared  to  water  as  um'ty,^ 

Nitrogen  is        0.001 182338 

Oxygen,  0.001346879 

And  0.8  nitrogen  =  a00094587 

0.2  oxygen  =  0.00026927 


And  0.79  nitrogen 
0.21  oxygen 


a00121514 

rzr  0.000934 
=  0.000283 


0.001217 
A  number  which  approaches  very  nearly  to 
the  result  of  experiment  Many  analogies, 
it  must  be  confessed,  favour  Dr  Prout*s  pro- 
portions ;  but  the  greater  number  of  experi- 
ments on  the  composition  and  density  of  the 
atmosphere  agree  with  Biot*s  results.  No- 
thing can  decide  these  fundamental  chemical 
proportions,  except  a  new,  elaborate,  and 
most  minutely  accurate  series  of  experiments. 
We  shall  then  know  whether  the  atmosphere 
contains  in  volume  20  or  21  per  cent  of  oxy- 
gen.    See  Equivalents,  and  Gas. 

ALALITE.     See  Diofside. 

ALABASTER.  Among  the  stones  which 
are  known  by  the  name  of  marble,  and  have 
been  distinguished  by  a  considerable  variety 
of  denominations  by  statuaries  and  others, 
whose  attention  is  more  directed  to  their  ex- 
ternal character  and  appearance  than  their 
component  parts,  alabasters  are  those  which 
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hKte  a  gretter  or  less  degree  of  imperfect 
tnnsgmncyf  a  granular  tezturei  are  softer, 
take  a  duller  polish  than  maible,  and  are 
usually  of  a  whiter  colour.  Some  stones, 
however,  of  a  veined  and  ctdoured  appear- 
ance^ have  been  considered  as  alabaster,  from 
their  posaesaing  the  first  mentioned  criterion ; 
and  some  trani^parent  and  yellow  sparry  stones 
have  also  receiyed  this  appellation. 

M.  Tissot  hardens  plaster  casts  and  alabas- 
ter, by  drying  them  hard  in  a  baker's  oven 
for  twenty-four  hours  or  longer,  according 
to  their  thickness ;  withdrawing  and  cooling 
them ;  then  dipping  them  twice  in  river  w»- 
ter  for  a  minute  or  two  each  time.  The 
piece  is  then  exposed  to  the  air,  and  at  the 
end  of  three  or  four  days  it  acquires  the 
hardness  and  density  of  marble^  so  as  to  bear 
polishing. 

ALBIN.  A  mineral  cliscovered  at  Mo- 
nabefg,  near  Auadg,  in  Bohemia ;  and  being 
of  an  opaque  white  colour,  has  been  called, 
by  Werner,  jUbhu  Aggregated  crystalline 
i<w«ifiM»  constitute  masdve  albin.  Snudl  crys- 
tals of  it  in  right  prisms,  whose  summits  con- 
sist of  four  quadiangular  planes,  are  found 
sprinkled  over  mammelated  masses  in  cavi- 
ties.    See  Zeoute. 

ALBIT£.  A  mineral,  in  crystals  fre- 
quently, or  almost  always,  met  under  the 
form  of  hemitrop^i.  These  hemitropes  are 
formed  when  two  crystals  are  so  joined  to  each 
otiier,  that  the  upper  plane  of  the  one  is  ap- 
plied upon  the  inferior  plane  of  the  other. 
See  Clbatelanixte,  which  is  the  name  now 
riven  to  this  minersL 

ALBUM  GRiBCUM.  Hie  white  and 
solid  excrement  of  dogs  which  subsist  chiefly 
on  bones,  was  received  as  a  remedy  in  the 
medical  art,  under  the  name  of  Album  Gras- 
cum.  It  consists,  for  the  most  part,  of  the 
earth  of  bones  or  lime,  in  combination  with 
phosphoric  acid. 

ALBUMEN.  This  substance,  which  de- 
rives its  name  from  the  Latin  .for  the  white  of 
an  egg,  in  which  it  exists  abundantly,  and  in 
its  purest  natural  state,  is  one  of  Uie  chief 
constituent  principles  of  all  the  animal  solids. 
Beside  the  white  of  egg,  it  abounds  in  the 
serum  of  blood,  the  vitreous  and  crystalline 
humours  of  the  eye,  and  the  fluid  of  dropsy. 
Fonrcroy  claims  to  himself  the  honour  of 
having  discovered  it  in  the  green  feculse  of 
plants  in  general,  particularly  in  those  of  the 
cruciform  order,  in  very  young  ones,  and  in 
the  fresh  shoots  of  trees,  though  Rouelle  ap- 
pears to  have  detected  it  there  long  before. 
Vauquelin  says  it  exists  also  in  the  mineral 
water  of  Flombieres. 

M.  Seguin  has  found  it  in  remarkable 
quantity  in  such  vqpetables  as  fennent  vrith- 
out  yeast,  and  afford  a  vinous  liquor ;  and 
from  a  series  of  experiments  he  infers,  that 
albumen  is  the  true  principle  of  fermentation, 
and  that  its  action  is  more  powerfrU.  in  pro- 


portion to  Its  solubility,  three  different  de- 
grees of  which  he  found  it  to  possess. 

Hie  chief  characteristic  of  albumen  is  its 
coagulability  by  the  action  of  heat.  If  the 
white  of  an  egg  be  exposed  to  a  heat  of  about 
134°  F.  white  fibres  begin  to  appear  in  it,  and 
at  160^  it  coagulates  into  a  solid  mass.  In  a 
heat  not  exceeding  21 2<^  it  dries,  shrinks,  and 
assumes  the  appearance  of  horn.  It  is  soIuf^ 
ble  in  cold  water  before  it  has  been  coagu- 
lated, but  not  after;  and  when  diluted  with 
a  very  large  portion,  it  does  not  coagulate 
easily.  Pure  alkalis  dissolve  it,  even  after 
coagulation.  It  is  precipitated  by  muriate 
of  mercury,  nitro-rouriate  of  tin,  acetate  of 
lead,  nitrate  of  silver,  muriate  of  gold,  infu- 
sion of  galls,  and  tannin.  The  adds  and 
metallic  oxides  coagulate  albumen.  On  the 
addition  of  concentrated  sulphuric  add,  it 
becomes  black,  and  exhales  a  nauseous  smelL 
Strong  muriatic  add  gives  a  violet  tinge  to 
the  coagulum,  and  at  length  becomes  satu- 
rated with  ammonia.  Abotit  7  or  8  parts 
of  add  to  one  part  of  albumen,  cause  a  most 
intense  blue  colour,  even  at  a  low  temper- 
ature; but  its  development  is  favoured  by 
a  temperature  of  about  80^  F.  Nitric  add, 
at  7(P  F.,  disengages  from  it  abundance  of 
azotic  gas ;  and  if  the  heat  be  increased, 
prussic  add  b  formed,  after  which  carbonic 
add  and  carburetted  hydn^^  are  evolved, 
and  the  residue  consists  of  water  containing  a 
little  oxalic  add,  and  covered  witli  a  lemon- 
coloured  fat  oil.  If  dry  potash  or  soda  be 
triturated  witii  albumen,  dther  liquid  or  solid, 
ammoniacal  gas  is  evolved,  and  the  caldna- 
tion  of  the  residuum  yields  an  alkaline  pru»- 
siate. 

On  exposure  to  the  atmosphere  in  a  moist 
state,  albumen  passes  at  once  to  the  state  of 
putrefaction. 

Solid  albumen  may  be  obtained  by  agitat- 
ing white  of  egg  with  ten  or  twelve  tiroes  its 
weight  of  alcohoL  This  sdzes  the  water 
which  held  the  albumen  in  solution;  and 
this  substance  is  precipitated  under  the  form 
of  white  flocks  or  filaments,  which  cohesive 
attraction  renders  insoluble,  and  which  con- 
sequentiy  may  be  freely  washed  with  water. 
Albumen  thus  obtained  is  like  fibrine^  solid, 
white,  insipid,  inodorous,  denser  than  water, 
and  without  action  on  vegetable  colours.  It 
dissolves  in  potash  and  soda  more  easily 
than  fibrine ;  but  in  acetic  add  and  ammo- 
nia, with  more  diflSculty.  When  these  two 
animal  prindples  are  separately  dissolved  in 
potash,  muriatic  add  added  to  the  albumin- 
ous does  not  disturb  the  solution,  but  it  pro- 
duces a  cloud  in  the  other. 

Fourcroy  and  several  other  chemists  have 
ascribed  the  characteristic  coagulation  of  al- 
bumen by  heat  to  its  oxygenation.  But  co- 
hesive attraction  is  the  real  cause  of  the  phe- 
nomenon. In  proportion  as  the  temperature 
rises,  the  particles  of  water  and  albumen  re- 
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cede  from  each  other,  their  affinity  diminuhei^  As  albumen  occaiidnt  )predpitatea  with  the 

and  then  the  albumen  predpitatea.  However,  aolutions  of  almost  every  meUllic  salt,  pro- 

by  uniting  albumen  with  a  large  quantity  of  bably  it  may  act  beneficially  against  other 

water,  we  diminish  its  coagulating  property  to  species  of  mineral  poison, 
such  a  d^ree,  that  heat  renders  the  solution         From  its  coagulability  albumen  is  of  great 

merely  opalescent     A  new-laid  egg  yields  a  use  in  clarifying  liquids.     See  Claeifica- 

soft  coagulum  by  boiling;  but  when,  by  keep-  tion. 

ing,  a  portion  of  the  water  has  transuded  so  as         It  is  likewise  remarkable  for  the  property 

to  leave  a  void  space  within  the  shell,  the  con-  of  rendering  leather  supple,  for  which  pur- 

centrated  albumen  affords  a  firm  coagulum.  pose  a  solution  of  whites  of  eggs  in  water  is 

An  analogous  phenomenon  is  exhibited  by  used  by  leather-dressers ;  and  hence  Dr  Lobb, 

acetate  of  alumina,  a  solution  of  which,  being  of  Yeovil  in  Somersetshire,  was  induced  to 

heated,  gives  a  precipitate  in  Bakes,  which  re-  employ  this  solution  in  cases  of  contraction 

dissolve  as  the  caloric  which  separated  the  par-  and  rigidity  of  the  tendons,  and  derived  from 

tides  of  acid  and  base  escapes,  or  as  the  tern-  it  apparent  success. 

perature  falls.    A  solution  containing  1-lOth         Vegetable  albumen  has  an  almost  perfect 

of  dry  albumen  forms  by  heat  a  solid  coagu-  resembUnce  to  white  of  egg.    It  dissolves  in 

lum ;  but  when  it  contains  only  1-  Idth,  it  gives  alkalis,  and  when  in  excess  the  solutions  are 

a  glairy  liquid.     One  thousandth  part,  how-  neutraL    It  then  coagulates  slightly  by  heat, 

ever,  on  applying  heat,  occasions  opalescence,  but  the  prindpal  part  is  retained  in  solution : 

Putrid  white  of  egg,  and  the  jms  of  ulcers,  it  combines  with  adds,  and  when  exactly  s»- 

faave  a  similar  smelL     According  to  Dr  Bos-  turated,  the  substance  remains  soluble,  but  ex- 

tock,  a  drop  of  saturated  solution  of  cor-  cess  of  add  (except  the  acetic  and  phospbo- 

rosive  sublimate  let  fall  into  water  containing  ric)  pradpitates  it     Prior  to  the  action  of 

W??  of  albumen,  occasions  a  milkiness  and  potash,  the  vegetable  albumen  dissolves  feebly 

curdy  predpitate.     On  adding  a  slight  excess  in  vinegar  or  phosphoric  add ;  but  by  ebull^ 

of  the  mercurial  solution  to  the  albuminous  ^on  with  tliese  acids,  it  forms  a  transparent 

liquid,   and  applying  heat,   the  precipitate  colourless  jelly  of  considerable  volume.   Sou- 

which  falls,  bdng  dried,  contains  in  every  7  bdran  has  shown,  that  the  axotized  prinriple 

parts,  5  of  albumen.     Hence  that  salt  is  the  contained  in  emulsive  seeds,  and.particulwly 

most  delicate  test  of  this  animal  product  in  almonds,  has  all  the  properties  of  white  of 

Tlie  yellow  pitchy  predpitate  occasioned  by  egg «  it  is  in  fact  the  same  substance  as  ve- 

tannin  is  brittle  when  dried,  and  not  liable  to  getable  albumen.     Vegetable  albumen  may 

putrefaction.      But  tannin,   or  infusion  of  he  procured  by  the  following  process:^ 

galls,  is  a  much  nicer  test  of  gdatin  than  of  Boil  gluten  with  successive  portions  of  alco- 

albumen.  hoi,  until  the  latter  ceases  to  become  turbid 

Phosphoric  acid  recently  prepared,  either  by  cooling :  mix  these  solutions  with  water, 
by  the  action  of  nitric  acid  or  phosphorus,  and  distil ;  as  the  aqueous  residuum  cools,  a 
or  by  combustion  in  air,  caused  an  abundant  glutinous  coherent  mass  will  separate,  re- 
predpitate  in  albumen.  Recently  ignited  sembling  gluten.  It  is  vegetable  gelatin^ 
phosphoric  acid  has  always  this  effect ;  but  imd  the  same  substance  as  that  separated  by 
after  bdng  kept  in  solution  for  a  few  days,  it  Einhof  *s  process  from  barley,  &c  The  sub- 
loses  that  property.  stance  insoluble  in  alcfohol,  is  vegetable  atbu* 

The  cohesive  attraction  of  coagulated  al-  men* 
bumen  makes  it  resist  putrefaction.     In  this         ALBURNUM.    ITie  interior  white  bark 

state  it  may  be  kept  for  weeks  under  water  of  trees. 

without  suffering  change.  By  long  digestion  ALCARRAZASb  A  spedes  of  porous 
in  weak  nitric  acid,  albumen  seems  convert!-  pottery  made  in  Spain,  for  the  purpose  of 
ble  into  gdatin.  By  the  analysis  of  Gay  Lus-  cooling  water  by  its  transudation  and  copious 
sac  and  Hienard,  100  parts  of  albumen  are  evaporation  from  tlie  sides  of  the  vessel.  M. 
formed  of  52.883  carbon,  23.872  oxygen,  Darcet  gives  the  following  as  the  analysis  of 
7.540  hydrogen,  15.705  nitrogen;  or  in  theclay  which  is  employed  for  the  purpose:^' 
other  terms,  of  52.883  carbon,  ^.  127  oxy-  60  calcareous  earth,  mixed  with  alumina  and 
gen  and  hydrogen,  in  the  proportions  for  con-  a  little  peroxide  of  iron,  and  36  of  siliceous 
stituting  water,  15.705  nitrogen,  and  4.285  eartli,  mixed  with  a  liule  alumina.  In  work- 
hydrogen  in  excess.  The  n^ative  pole  of  a  ing  up  the  earths  with  water,  a  quantity  of 
voltaic  pile  in  high  activity  coagulates  albu-  «<^lt  is  added,  and  dried  in  it  The  pieces  are 
men ;  but  if  the  pile  be  feeble,  coagulation  -only  half  baked. 

goes  on  only  at  the  positive  surface.     Albu-         ALCHEMY.     A  title  of  dignity,  given 

men,  in  such  a  sUte  of  concentration  as  it  in  the  dark  ages,  by  the  adepts,  to  the  mysti- 

«xists  in  serum  of  blood,  can  dissolve  some  ^  cu^  hy  which  they  professed  to  find  the 

metallic  oxides,  particularly  the  protoxide  of  philosopher's  stone,  that  was  to  transmute 

iron.     Orfila  has  found  white  of  egg  to  be  hase  metals  into  gold,  and  prepare  tiie  elixir 

the  best  antidote  to  the  poisonous  effects  of  of  life.     Though  avarice^  fraud,  and  folly, 

corrosive  Sublimate  on  the  human  stomach.  v«<v  ^^Msr  motives,  yet  thdr  experimental 


ALC                              1^  ALC 

Tttevches  were  instrumental  in  promoting  Whatever  be  the  grain  employed,  it  mutt 
the  progress  of  chemical  discorefy.  Hence,  be  coarsely  ground,  imd  then  mixed  carefully 
in  particular,  metallic  pharmacy  derived  its  with  a  little  cold  water,  to  prevent  its  run- 
origin,  ning  into  lumps :  water  about  14(P  F.  may 

ALCOHOL.   This  term  is  applied  to  the  then  be  added,  till  it  is  sufficiently  mashed ; 

pure  spirit  obtainable  by  distillation  from  all  and  to  the  drained-off  wort,  yeast  is  added, 

liquids  that  have  undergone  vinous  ferment»>  The  wort  is  allowed  to  ferment  in  a  covered 

tion.  vessel,  to  which,  however,  the  air  can  have 

It  appears  to  be  essential  to  the  fermen-  access.     Attention  must  be  paid  to  the  tern- 

tation  of  alcohol,  that  the  fermenting  fluid  perature :  for  if  it  exceed  87^  F.  the  fermen- 

should  contain  saccharine  matter,  which  is  tation  will  be  too  rapid ;  if  it  be  below  60^, 

indispensable  to  that  species  of  fennentation  the  fennentation  will  cease.     The  mean  be- 

•  called  vinous.  In  France,  where  a  great  deal  tween  these  will  generally  be  found  most  fa- 
of  wine  is  made^  particularly  at  the  com-  vourable.  In  this  country  it  is  the  more 
mencement  of  the  vintage,  that  is  too  weak  common  practice  to  mash  the  grain  as  for 
to  be  a  saleable  commodity,  it  is  a  common  brewing  malt  liquors,  and  boil  the  wort.  But 
practice  to  subject  this  wine  to  distillation,  in  in  whichever  way  it  be  prepared,  or  if  the  wash 
order  to  draw  off  the  spirit;  and  as  the  es-  (so  tlie  liquor  intended  for  distillation  is  called) 
sential  oil  that  rises  in  this  process  is  of  a  be  made  from  melasses  and  water,  due  atten- 
mcMne  pleasant  flavour  than  that  of  malt  or  tion  must  be  paid  to  the  fermentation,  that  it 
melasses,  the  French  brandies  are  preferred  be  continued  till  the  liquor  grows  fine,  and 
to  any  other ;  though  even  in  the  flavour  of  pungent  to  the  taste,  which  will  generally  be 
these  there  is  a  diflTerence,  according  to  the  about  the  third  day,  but  not  so  long  as  to  per- 

•  vrine  from  which  they  are  produced.    In  the  mit  the  acetous  fennentation  to  commence. 
West  Indies  a  spirit  is  obtained  from  the  juice  In  this  state  the  wash  is  to  be  committed 
of  the  sugar-cane,  which  is  highly  impreg-  to  the  still,  (of  which,  including  the  head,  it 
nated  with  its  essential  oil,  and  well  known  should  occupy  at  least  three^fourths),  and  dis- 

.by  the  name  of  mm.     The  distillers  in  this  tilled  with  a  gentle  heat  as  long  as  any  spirit 

country  use  grain,  or  melasses,  whence  they  comes  over,  which  will  be  till  about  half  the 

distinguish  the  products  by  the  name  of  malt  wash  is  consumed.     The  more  slowly  the 

spiriit  and  meiastes  spirits.  distillation  is  conducted,  the  less  will  the  pro- 

As  the  process  of  malting  develops  the  sac-  duct  be  contaminated  with  essential  oil,  and 
cfaarine  principle  of  grain,  it  would  appear  to  the  less  danger  will  there  be  of  empyreuma. 
render  it  fitter  for  the  purpose ;  though  it  is  A  great  saving  of  time  and  fuel,  however, 
the  common  practice  to  use  about  six  parts  may  be  obtained  by  making  the  still  very 
of  raw  grain  with  on^  of  malt.  For  this  two  broad  and  shallow,  and  contriving  a  free  exit 
reasons  may  be  assigned :  by  using  raw  grain  for  the  steam.  This  was  at  one  time  carried 
the  expense  of  malting  is  saved,  as  well  as  to  such  a  pitch  in  Scotland,  that  a  still  mea- 
tfae  duty  on  malt ;  and  the  proceis  of  malting  suring  43  gallons,  and  containing  16  gallons 
requires  some  nicety  of  attention,  since,  if  it  of  wash,  has  been  charged  and  worked  no  less 
be  carried  too  far,  part  of  the  saccharine  mat-  than  four  hundred  and  eighty  times  in  the 
ter  is  lost,  and  if  it  be  stopped  too  soon,  this  space  of  24  hours.  Thia  would  be  incredi- 
SDsMer  will  not  be  wholly  developed.  Besides,  ble,  were  it  not  established  by  unquestionable 
if  the  malt  be  dried  too  quickly,  or  by  an  un-  evidence.  See  Laboratoay,  article  Still. 
equal  heat,  the  spirit  it  yields  will  be  less  in  The  above  wonderful  rapidity  of  distillation 
quantity,  and  more  unpleasant  in  flavour,  has  now  ceased,  since  the  excise  duties  have 
Another  object  of  economical  consideration  been  levied  on  the  quantity  of  spirit  produc- 
ts, what  grain  will  afford  the  most  spirit  in  ed;  and  not,  as  formerly,  by  the  size  of  the 
proportion  to  its  price,  as  well  as  the  best  in  still.  Hence,  too,  the  spirit  is  probably  im- 
quality.    Barley  appears  to  produce  less  spirit  proved  in  flavour. 

than  wheat ;  and  if  three  parts  of  raw  wheat  The  firet  product,  technically  termed  low 

be  mixed  with  one  of  malted  barley,  the  pro-  wi'ntf,  is  again  to  be  subjected  to  distillation ; 

duce  is  said  to  be  particularly  fine.     This  is  the  latter  portions  of  what  comes  over,  called 

the  practice  of  the  distillers  in  Holland  for  Jeints,  being  set  apart  to  be  put  into  the  wash- 

producing  a  spirit  of  the  finest  quality ;  but  still  at  some  future  operation.     Tlius  a  large 

in  £ngland  they  are  expressly  prohibited  from  portion  of  the  watery  part  is  left  behind, 

using  more  than  one  part  of  wheat  to  two  of  Hiis  second  product,  termed  raw  spirit^  being 

other  grain.    Rye,  however,  affords  still  more  distilled  again,  is  called  rectified  sjnril.    It  is 

spirit  than  wheat.  Calculated,  that  a  hundred  gallons  of  malt  or 

The  practice  with  the  distillere  in  Scotland  corn  wash  will  not  produce  above  twenty  of 

is,  to  use  one  part  of  malted  with  from  four  spirit,  containing  60  parts  of  alcohol  to  50  of 

to  nine  parts  of  unmalted  grain.     This  mix-  water :  the  same  of  cyder  wash,  15  gallons  ; 

ture  yields  an  equal  quantity  of  spirit^  and  at  and  of  melasses  wash,  22  gallons.    "[Die  most 

a  naucb  cheaper  rate  than  when  the  former  spirituous  wines  of  France,  those  of  Langue- 

proportions  are  taken.  doc,  Guienne^  and  Rousillon»  yield,  accoid-* 
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ing  to  Chaptal,  from  20  to  25  gallons  of  ex- 
cellent brandy  from  100 ;  but  those  of  Bur- 
gundy and  Qiampagne  much  less.  Brisk 
wines  containing  much  carbonic  add,  from 
the  fermentation  having  been  stopped  at  an 
early  period,  yield  the  least  spirit. 

llie  spirit  thus  obtained  ought  to  be  co- 
lourless, and  free  from  any  disagreeable  fla- 
your ;  and  in  this  state  it  is  fittest  for  phar- 
maceutical purposes,  or  the  extraction  of  tinc- 
tures. But  for  ordinary  sale  something  more 
is  required.  The  brandy  of  France,  which  is 
most  in  esteem  here,  though  perfectly  colour- 
less when  first  made,  and  often  preserved  so 
for  use  in  that  country,  by  being  kept  in  glass 
or  stone  bottles,  is  put  into  new  oak  casks 
for  exportation,  whence  it  soon  acquires  an 
amber  colour,  a  peculiar  flavour,  and  some- 
thing like  an  uoctuosity  of  consistence.  As 
it  is  not  only  prized  for  these  qualities,  but 
they  are  conunonly  deemed  essential  to  it, 
the  English  distiller  imitates  by  design  these 
accidental  qualities.  The  most  obvious  and 
natural  method  of  doing  this,  would  be  by 
impregnating  a  pure  spirit  with  the  extrac- 
tive, resinous,  and  colouring  matter  of  oak 
shavings;  but  other  modes  have  been  oouf. 
trived.  The  dulcified  spirit  of  nitre,  as  it  is 
called,  is  commonly  used  to  give  the  flavour ; 
and  catechu,  or  burnt  sugar,  to  impart  the 
desired  colour.  A  French  writer  has  recom- 
mended three  ounces  and  a  half  of  finely 
powdered  charcoal,  and  four  ounces  and  a 
half  of  ground  rice,  to  be  digested  for  a  fort- 
night in  a  quart  of  malt  spirit. 

The  finest  gin  is  said  to  be  made  in  Hol- 
land, from  a  spirit  drawn  from  wheat  mixed 
vrith  a  third  or  fourth  part  of  malted  barley, 
and  twice  rectified  over  juniper  berries ;  but 
in  general  rye  meal  is  used  instead  of  wheat. 
They  pay  so  much  regard  to  the  water  em- 
ployed, that  many  send  vessels  to  fetch  it  on 
purpose  from  the  Meuse;  but  all  use  the 
softest  and  clearest  river  water  they  can  get. 
In  England  it  is  the  common  practice  to  add 
oil  of  turpentine,  in  the  proportion  of  two 
ounces  to  ten  gallons  of  raw  spirit,  with  tliree 
faandfuls  of  bay  salt,  and  drawn  off  till  the 
feints  begin  to  rise. 

But  com  or  melasses  spirit  is  flavoured 
likewise  by  a  variety  of  aromadcs,  with  or 
without  sugar,  to  please  different  palates :  all 
of  which  are  included  under  the  general  tech- 
nical term  of  compound*  or  cordials. 

Other  articles  have  been  employed,  though 
not  generally,  for  the  fabrication  of  spirit,  as 
carrots  and  potatoes ;  and  we  are  lately  in- 
formed by  Professor  Proust,  that  from  the 
fruit  of  the  carob  tree  he  has  obtained  good 
brandy,  in  the  proportion  of  a  pint  from  five 
pounds  of  the  dried  fruit 

It  is  stated,  that  the  juice  of  the  berries  of 
the  Morbus  aucuparia  (mountain-ash),  are 
now  used  in  the  north  of  France  for  the 
production  of  spirit ;  and  the  result  is  said  to 


be  equal  to  the  finest  distillation  from  fer- 
mented grapes  for  brandy.  ^  Charooal  is  used 
in  the  second  distillation  to  improve  the 
flavour.- 

To  obtain  pure  alcohol,  diflbrent  processes 
have  been  recommended.  Boerhaave  re- 
coDunended  for  thb  purpose  muriate  of  soda, 
added  hot  to  the  spirit  But  the  subcarbo- 
nate  of  potash  is  preferable.  About  a  third 
of  the  weight  of  the  alcohol  should  be  added 
to  it  in  a  glass  vessel,  well  shaken,  and  then 
suffered  to  subside.  The  salt  will  be  mois- 
tened by  the  water  absorbed  from  the  alco- 
hol ;  which  being  decanted,  more  of  the  salt 
is  to  be  added,  and  this  is  to  be  continued  till 
the  salt  falls  dry  to  the  bottom  of  the  vcwcl. 
The  alcohol  in  this  state  will  be  reddened  by 
a  portion  of  the  pure  potash,  vriiich  it  will 
hold  in  solution,  from  which  it  most  be  freed 
by  distillation  in  a  water  bath.  Dry  muriate 
of  lime  may  be  substituted  advantageously 
for  the  alkali. 

By  encloang  dilute  aloriiol  in  a  bladder, 
the  water  exudes,  and  the  s^nrit  is  concen- 
trated. Soemmering  says,  that  if  we  put 
alcohol  of  a  moderate  strength  into  an  ox's 
bladder,  or  a  calTs,  coated  with  isinglass,  and 
suspend  it  over  a  sand  bath,  in  a  few  days 
the  alcohol  vriU  lose  one-fourth  of  its  bulk, 
and  be  found  quite  free  from  water,  or  be- 
come absolute  alcohoL^Gior.  di  Fitica,  TiL 
239. 

As  alcohol  is  much  lighter  than  water,  its 
specific  gravity  is  adopted  as  the  test  of  its 
purity.  Lowits  asserts  that  he  has  obtained 
it  at  791,  by  adding  as  much  alkaU  as  nearly 
to  absorb  the  spirit ;  but  the  temperature  is 
not  indicated.  In  the  shops  it  is  about  835 
or  840 :  according  to  the  London  Collq^  it 
should  be  825. 

It  is  by  no  means  an  easy  undertaking  to 
determine  the  strength  or  relative  value  of 
spiriti,  even  with  sufficient  accuracy  for  com- 
mercial purposes. 

The  importance  of  this  object  also^  for  the 
purposes  of  revenue,  induced  the  British 
government  to  employ  Sir  Charles  Blagden 
to  institute  a  very  minute  accurate  series  of 
experiments,  lliese  may  be  considered  as 
fundamental  results;  for  which  reason,  I 
shall  give  a  summary  of  their  tabular  re- 
sults, from  the  Philosophical  IVansactiona 
for  1790. 

The  precise  specific  gravity  of  the  pure 
spirit  employed  was  .82514;  but  to  avoid  an 
inconvenient  frsction,  it  is  taken,  in  con- 
structing the  table  of  specific  gravities,  aa 
.825  only,  a  proportional  deduction  being 
made  from  all  the  other  numbers.  Thus  the 
following  table  gives  the  true  specific  gravity, 
at  the  different  degrees  of  heat,  of  a  pure 
rectified  spirit,  the  specific  gravity  of  which 
at  60^  is  .825,  together  vrith  the  specific 
gravities  of  different  mixtures  of  it  vrith 
water  at  those  different  temperatures. 
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Real  Spedjie  Gratilki  at  the  differetU  Temperatures* 


,w> 

The 
pore 
^irit 

100 

gzmittsof 

kpirit  to 

5  gr.  of 

water. 

100 

grains  of 

spirit  to 

10  gr.  of 

water. 

100 
grains  of 
spirit  to 

^""^ 
water. 

100 
grains  of 

spirit  to 
Wgr.  of 

water. 

100 
grains  of 
spirit  to 

Sgrof 
water. 

100          100 

grains  of  grains  of 

spirit  to  spirit  to 

a)  gr.  of  96  gr.  of 

water,     water. 

100         100 

grains  of  grains  of 

spirit  to  spirit  to 

40  gr.  of  45  gr.  of 

water.      water. 

100 

grains  of 

spirit  to 

SOgr.of 

water. 

.83896 

.84995 

.85957 

.86825 

.87585 

.88282 

.88921 

.89511 

.90054 

.90558 

.91023 

3.5 

83672 

84769 

85729 

86587 

87357 

88059 

88701 

89294 

89839 

90345 

90811 

40 

83445 

84539 

85507 

86361 

87184 

87838 

88481 

89073 

89617 

90127 

90596 

45 

83214 

84310 

85277 

86131 

86905 

87613 

88255 

88849 

89396 

89909 

90380 

50 

82977 

84076 

85042 

85902 

86676 

87384 

88030 

88626 

89174 

oytJoTf 

90160 

55 

82736 

83834 

84802 

85664 

86441 

87150 

87796 

88393 

88945 

89458 

89933 

60 

82500 

83599 

84568 

85430 

86208 

86918 

87569 

88169 

88720 

89232 

89707 

65 

82262 

83362 

84334 

85193 

85976 

86686 

87337 

87938 

88490 

89006 

89479 

70 

82023 

83124 

84092 

84951 

85736 

86451 

87105 

87705 

88254 

88773 

89252 

75 

81780 

82878 

83851 

84710 

85496 

86212 

86864 

87466 

88018 

88538 

89018 

80 

81530 

82631 

83603 

84467 

85248 

85966 

86622 

87228 

87776 

88301 

88781 

85 

81291 

82396 

83371 

84243 

85036 

85757 

86411 

87021 

87590 

88120 

88609 

90 

81044 

82150 

83126 

84001 

84797 

85518 

86172 

86787 

87360 

87889 

88376 

95 

80794 

81900 

82877 

83753 

84550 

85272 

85928 

86542 

87114 

87654 

88146 

100 

80548 

81657  82639 

83513  84038 

85031    85688 

86302  >  86879 

87421 

87915 

HeaL 
30° 

100 
gndnsof 
spirit  to 
!i5gr.  of 
water. 

100 

grains  of 

spirit  to 

60gr.  of 

water. 

100 

grains  of 

qilritto 

65  gr.  of 

water. 

100 

grains  of 

spirit  to  i 

70gr.of 

water. 

100 

grains  of 

spirit  to 

75gr.of 

water. 

100 

grains  of 

spirit  to 

SOgr.of 

water. 

100 
grains  of 
spirit  to 
SSgr.of 
water. 

100 

grains  of 

Kplrit  to 

SOgr.of 

water. 

100 

grains  of 

spirit  to 

SSgr.of 

water. 

100 

grains  of 

spirit  to 

lOOgr.of 

water. 

.91449 

.91847 

.92217 

.92563 

.92889 

.93191 

.93474 

.93741 

.93991 

.94222 

35 

91241 

91640 

92009 

92355 

92680 

92986 

93274 

93541 

93790 

94025 

40 

91026 

91428 

91799 

92151 

92476 

92783 

93072 

93341 

93592 

93827 

45 

90812 

91211 

91584 

91937 

92264 

92570 

92859 

93131 

93382 

93621 

50 

90596 

90997 

91370 

91723 

92051 

92358 

92647 

92919 

93177 

93419 

55 

90367 

90768 

91144 

91502 

91837 

92145 

92436 

92707 

92963 

93208 

60 

90144 

90549 

90927 

91287 

91622 

91933 

92225 

92499 

92758 

93002 

65 

89920 

90328 

90707 

91066 

91400 

91715 

92010 

92283 

92546 

92794 

70 

89695 

90104 

JTvrUvTP 

90847 

91181 

91493 

91793 

92069 

92333 

92580 

75 

89464 

89872 

90252 

90617 

90952 

91270 

91569 

91849 

92111 

92364 

80 

89225 

89639 

90021 

90385 

90723 

91046 

91340 

91622 

91891 

92142 

85 

89043 

89460 

89843 

90209 

90558 

90882 

91186 

91465 

91729 

91969 

90 

88817 

89230 

89617 

89988 

90342 

90668 

90967 

91248 

91511 

91751 

95 

88588 

89003 

89390 

89763 

90119 

90U3 

90747 

91029 

91290 

91531 

100 

88357 

88769 

89158 

89536 

89689 

90215 

90522 

90805 

91066  91310 

Heat 


30° 

35 

40 

45 

50 

55 

60 

65 

70 

75 

80 


95 

grains  of 

spirit  to 

lUOgr.of 

water. 


90 
gxainsof  _ 
spirit  to  |*pirit  to 
lUOgr.of" 
water. 


QAAAT 

il  Wm  f 

94249 
94058 
93860 
93658 
93452 
93247 
93040 
92828 
92613 
92393 


85 
grains  of 


lOOgr.of 
water. 


.94675 
94484 
94295 
94096 
93897 
93696 
93493 
93285 
93076 
92865 
92646 


80 

grains  of 

spirit  to 

lUUgr.of 

water. 


75 
grains  of 


94920 
94734 
94547 
94348 
94149 
93948 
93749 
93546 
93337 
93132 
92917 


95173 
94988 
94802 
94605 
94414 
94213 
94018 
93822 
93616 
93413 
93201 


70 
grains  of 


spirit  to  spirit  to 


100gr.of 


95246 
95060 
94871 
94683 

94296 
94099 
93898 
93695 
93488 


lOUgr.of 
water. 


65 

grains  of 

spirit  to 

lOOgr.of 

water. 


.95681 
95502 
95328 
95143 
94958 
94767 
94579 
94388 
94193 
93989 
93785 


50 

grains  of  mrains  of  grains  of 

spirit  to  'spirit  to  Ispirltto 

lOOgr.of  lOOgr.of  lOOgr.of 

water.       water,      water. 


95772 
95602 
95423 
95243 
95057 
94876 

94500 
94301 
94102 


CO  55 

linsofmrainsof 
fit  to  <8piritto 


96209 
96048 
95879 
95705 
95534 
95357 
95181 
95000 
94813 
94623 
94431 


.96470 
96315 
96159 
95993 
95831 
95662 
95493 
95318 
95139 
94957 
94768 


.96719 
96579 
96434 
96280 
96126 
95966 
95804 
95635 
95469 
95292 
95111. 


ALC 


128 


ALC 


Heat 

45 

grains  of 

spirit  to 

100  gr.of 

water. 

40 

grains  of 

spirit  to 

lUOgr.  of 

waier. 

S5 

grains  of 

spirit  to 

lU)  gr.of 

water. 

90 

gfsiBsof 

spirit  to 

100  gr.of 

water. 

25 

grains  of 

spirit  to 

100  gr.of 

water. 

80            15 

grains  of  grains  of 

spirit  to  spirit  to 

100  gr.of  lOU  gr.of 

water,     water. 

10 

grains  of 

spirit  to 

100  gr.of 

water. 

5 

grains  of 

spirit  to 

100  gr.of 

water. 

30^ 

.96967 

.97200 

.97418 

.97635 

.97860 

.98108 '.98412 

.98804 

.99334 

35 

96840 

97086 

97319 

97556 

97801 

98076  98397 

98804 

W%jr§ri> 

40 

96706 

96967 

97220 

97472 

97737 

98033 

98373 

98795 

99345 

45 

96563 

96840 

97110 

97384 

97666 

97980 

98338 

98774 

99338 

50 

96420 

96708 

96995 

97284 

97589 

97920 

98293 

98745 

99316 

M 

96272 

96575 

96877 

97181 

97500 

97847 

98239 

98702 

99284 

60 

96122 

96437 

96752 

97074 

97410 

97771 

98176 

98654 

99244 

65 

95962 

96288 

96620 

96959 

97309 

97688 

98106 

98594 

99194 

70 

95602 

96143 

fUiAQA. 

96836 

97203 

97596 

98028 

98527 

99134 

75 

95638 

95987 

96344 

96708 

97086 

97495 

97943 

98454 

99066 

80    95467 

95826 

96192 

96568 

96963 

97385  97845 

98367 

98991 

From  this  table,  wheD  the  specific  gravity 
of  any  spirituous  liquor  is  ascertained,  it  will 
be  easy  to  find  the  quantity  of  rectified  spirit 
of  the  above-mentioned  standard,  contained  in 
any  given  quantity  of  it,  either  by  weight  or 
measure. 

Dr  Blagden  concludes  with  observing,  that 
as  the  experiments  were  made  with  pure 
spirit  and  water,  if  any  extraneous  substances 
are  contained  in  the  liquor  to  be  tried,  the  spe- 
cific gravity  in  the  tables  will  not  give  exactly 
the  proportions  of  water  and  spirit  in  it  The 
substances  likely  to  be  found  in  spirituous  li- 
quors, where  no  fraud  is  suspected,  are  essen- 
tial oils,  sometimes  eropyreumatic,  mucilagi- 
nous or  extractive  matter,  and  perhaps  some 
saccharine  matter.  The  effect  of  these,  in 
the  course  of  trade,  seems  to  be  hardly  such 
as  would  be  worth  the  cognizance  of  the  Ex- 
cise, nor  could  it  easily  be  reduced  to  certain 
rules.  Essetitial  and  empyreumatic  oils  are 
nearly  of  the  same  specific  gravity  as  spirit, 
in  general  rather  lighter,  and  therefore,  not- 
withstanding the  mutual  penetration,  will 
probably  make  little  change  in  the  specific 
gravity  of  any  spirituous  liquor  in  which  they 
are  dissolved.  The  other  substances  are  all 
heavier  than  spirit;  the  specific  gravity  of 
common  gum  being  1.482,  and  of  sugar 
1.606,  according  to  the  tables  of  M.  Brisson. 
The  effect  of  them,  therefore,  will  be  to  male 
spirituous  liquors  appear  less  strong  than  they 
really  are. 

Tlie  strength  of  spirits  is  determined,  ac- 
cording to  the  existing  laws,  by.  Sikes's  hy- 
drometer ;  but  as  many  dealers  use  Dicas's, 
I  shall  describe  it  here,  and  the  former  under 
Distillation. 

It  consists  of  a  light  copper  ball,  terminat- 
ing below  with  a  ballast  bottom,  and  above 
vrith  a  thin  stem,  divided  into  ten  parts.  The 
upper  extremity  of  the  stem  is  pointed,  to  re- 
ceive the  little  brass  poises,  or  discs,  having 
each  a  hole  in  its  centre.  Tliese  poises  are 
numbered  0,  10,  20, 30,  &c.  up  to  350,  which 
is  tlie  lightest  of  the  series.    Tlic  intermediate 


units  are  given  by  the  subdivisions  on  tbe 
stem.  A  graduated  ivory  scale,  with  a  slid- 
ing rule  and  thermometer,  accompanies  the 
hydrometer,  to  make  the  correction  for  tem- 
perature. The  first  thing  in  using  this  in- 
strument, is  to  plunge  the  thermometer  into 
a  glass  cylinder  containing  the  spirits  to  be 
tried,  llie  sliding  rule  has  then  tbe  degree 
of  temperature  indicated,  moved  opposite  to 
zero.  The  hydrometer  is  now  placed  in  the 
liquid,  and  such  a  poise  is  put  on  as  to  sub- 
merge a  portion  of  the  stem.  Tlie  weight, 
added  to  the  number  on  the  stem,  gives  a 
sum,  opposite  to  which  on  tlie  scale  we  find 
a  quantity  by  which  the  particular  spirit  may 
exceed  or  fall  short  of  prooC  Thus,  if  it 
mark  20  under  proof,  it  signifies  that  every 
100  gallons  of  that  spirit  would  require  to 
have  20  gallons  of  water  abstracted  from  it 
to  bring  it  up  to  proof.  If  it  mark  10  over 
proof,  we  learn  that  every  100  gallons  con- 
tain too  little  water  by  10  gallons.  When  the 
tbermometric  degree  of  60^  is  put  opposite 
to  zero,  then  the  weights  and  value  of  the  spi- 
rits have  the  following  relations  on  the  scale. 

102.5  denotes  20  under  proof 

122.0  10 

14a5  Proof 

167.  10  over  proof 

19a  20 

221.  30 

251.  40 

284.5  50 

322.5  60 

350.5  Alcohol 

There  is,  besides,  an  upper  line  on 'the 
scale,  which  exhibits  the  reUtion  of  spirit  to 
water  reckoned  unity.  Thus,  above  10  per 
cent  over  proof  in  the  second  line,  we  find 
in  the  upper  line  8.  From  which  we  learn, 
that  8  of  that  spirit  by  bulk,  will  take  1  of 
water  to  bring  it  down  to  proof.  At  60° 
Fahr.  I  find  that  10  over  proof  on  Dicas 
corresponds  to  specific  gravity  0.9085 

34  over  proof  to  0. 9 169 

PWHjf,  -  0.9218 


ALC 


180 


ALC 


Now»  fay  Gi!piD*ft  tables  tbis  indicates  a 
compound  of  100  grains  of  alcohol  0.825^ 
and  85  grains  of  water.  But  by  Lowits'a 
table  in  Creirs  Annals,  the  above  specific 
gravity  corresponds  to  46  alcohol  of  0.791 
at  the  temperature  of  68°,  united  to  52  of 
water,  and  cooled  down  to  60.  Equal 
weights  of  that  strong  alcohol  and  water, 


give,  at  60*^,  a  specific  gravity  of  0.9175i 
By  the  Act  of  Parliament  of  1762,  the  spe^ 
cific  gravity  of  proof  was  fixed  at  a916.  It 
is  at  present  to  water  as  12  to  13,  or  ^ 
0.923.     See  Ddhllation. 

For  the  following  table  of  the  quantity  oC 
absolute  alcohol,  in  spirits  of  diflferent  den-» 
sities,  we  are  indebted  to  Lowits. 


100  parts. 

Sp.  gTBTitj. 

100  parti. 

Sp.  gravity. 

100  parts. 

Spu  gravity. 

Ale 

Wat. 

At«». 

At  GO". 

Ale 

Wat 

At  SB*. 

AtflO". 

Ala 

Wat 

AteB«. 

AtflO«. 

100 

0 

a  791 

0.796 

66 

34 

0.877 

0.881 

32 

68 

0.952 

0.955 

99 

1 

0.794 

0.798 

65 

35 

0.880 

a883 

31 

69 

0.954 

0.957 

98 

2 

0.797 

0.801 

64 

36 

0.882 

a886 

30 

70 

0.956 

0.958 

97 

3 

0.800 

0.804 

63 

37 

0.885 

a889 

29 

71 

0.957 

0.960 

96 

4 

0.803 

0.807 

62 

38 

0.887 

a891 

28 

72 

0.959 

0.962 

95 

5 

0.805 

a809 

61 

39 

0.889 

0.893 

27 

73 

0.961 

0.963 

94 

6 

a808 

0.812 

60 

40 

0.892 

a896 

26 

74 

0.963 

0.965 

93 

7 

0.811 

a8l5 

59 

41 

0.894 

a898 

25 

75 

0.965 

0.967 

92 

8 

0.813 

0.817 

58 

42 

0.896 

0.900 

24 

76 

0.966 

0.968 

91 

9 

a816 

0.820 

57 

43 

0.899 

0.902 

23 

77 

0.968 

a  970 

90 

10 

0.818 

a822 

56 

44 

0.901 

0.904 

22 

78 

0.970 

0.972 

89 

11 

a821 

0.825 

55 

45 

b.903 

0.906 

21 

79 

0.971 

a97S 

88 

12 

0.823 

a827 

54 

46 

0.905 

0.908 

20 

80 

0.973 

0.974 

87 

13 

0.826 

0.830 

53 

47 

0.907 

0.910 

19 

81 

0.974 

0.975 

86 

14 

0.828 

0.832 

52 

48 

0.909 

0.912 

18 

82 

0.976 

0.977 

85 

15 

0.831 

a835 

51" 

49 

0.912 

0.915 

17 

83 

0.977 

0.978 

84 

16 

a834 

0.838 

50 

50 

0.914 

0.917 

16 

84 

a  978 

a979 

83 

17 

0.836 

a840 

49 

51 

0.917 

0.920 

15 

85 

0.980 

0.981 

82 

18 

a839 

0.843 

48 

52 

0.919 

a  922 

14 

86 

0.981 

0.982 

81 

19 

a842 

0.846 

47 

53 

0.921 

a924 

13 

87 

0.983    a984| 

80 

20 

0.844 

0.848 

46 

54 

0.923 

0.926 

12 

88 

0.985 

0.986 

79 

21 

0.847 

0.851 

45 

55 

0.925 

0.928 

11 

89 

p.  966 

0.987 

78 

22 

a849 

a853 

44 

56 

0.927 

0.930 

10 

90 

0.987 

0.988 

77 

23 

a851 

0.855 

43 

57 

0.930 

a933 

9 

91 

0.988 

0.989 

76 

24 

0.853 

a857 

42 

58 

a932 

0.935 

8 

92 

0.989 

0.990 

75 

25 

0.856 

0.860 

41 

59 

a934 

0.937 

7 

93 

0.991 

0.991 

74 

26 

aK59 

a863 

40 

60 

0.936 

0.939 

6 

94 

0.992 

0.992 

73 

27 

0.861 

0.865 

39 

61 

a938 

0.941 

5 

95 

0.994 

72 

28 

0.863 

0.867 

38 

62 

0.940 

0.943 

4 

96 

a995 

71 

29 

a866 

0.870 

37 

63 

a942 

0.945 

3 

97 

0.997 

70 

30 

0.868 

a872 

36 

64 

0.944 

0.947 

2 

98 

0.998 

69 

31 

0.870 

a874 

35 

65 

0.946 

0.949 

1 

99 

0.999 

68 

32 

0.872 

0.878 

34 

66 

0.948 

0.951 

0   100 

1.000 

67 

33 

0.875 

a879 

as 

67 

0.950    0.95311 

The  most  remarkable  characteristic  pro- 
perty of  alcohol,  is  its  solubility  or  combina- 
tion in  all  proportions  vrith  water ;  a  property 
possessed  by  no  other  combustible  substance, 
except  the  acetic  spirit  obtained  by  distilling 
the  dry  acetates.  When  it  is  burnt  in  a 
chimney  which  communicates  with  the  worm- 
pipe  of  a  distilling  apparatus,  the  product, 
which  is  condensed,  is  found  to  consist  of 
water,  which  exceeds  the  spirit  in  weight 
about  one-eighth  part;  or  more  accurately, 
100  parts  of  alcohol,  by  combustion,  yield 
136  of  water.  If  alcohol  be  burned  in  close 
vessels  iritb  vital  air,  the  product  is  found  to 
be  water  and  carbonic  add.     Whence  it  is 


inferred,  that  alcohol  conasts  of  hydrogen, 
united  either  to  carbonic  acid,  or  its  addifi- 
able  base ;  and  that  the  oxygen  uniting  on 
the  one  part  with  the  hydrogen,  forms  water ; 
and  on  the  other  with  the  base  of  the  carixK 
nic  acid,  forms  that  add. 

Some  ingenious  experiments  have  been  re* 
cently  made  on  this  subject  by  M.  de  Saussure. 
Hie  alcohol  be  used  had,  at  62.8^,  a  spedfic 
gravity  of  0.8302 ;  and  by  Richter's  propor- 
tions, it  consisted  of  1&8  water,  and86w2  of 
absolute  alcohol.  The  vapour  dT  alcohol  was 
made  to  traverse  a  narrow  porcelain  tube,  ig-- 
nited,  from  which  the  products  passed  along- 
a  glass  tube  about  six  f^  in  length,  refrige* 
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ntedbyicew  A  litde  charcoal  wis  deponted 
in  the  porcelain,  and  a  trace  of  oil  in  the 
glass  tube.  The  resulting  gas  beuiffaDBlTwd 
in  an  exploding  esdionKeler,  with  oxygen, 
was  found  to  fesc^re  itself  into  carbonic  acid 
and  water.  Three  volumes  of  oxygen  dis- 
appeared for  every  two  volumes  of  carbonic 
acid  produced ;  a  proportion  which  obtains 
in  the  analysis  by  oxygenation  of  olefiant 
gas.  Now,  as  nothing  resulted  but  a  com- 
bustible gas  of  this  peculiar  constitution,  and 
condensed  water  equal  to  44^4  of  the  origi- 
nal weight  of  the  alcohol,  we  may  conclude 
that  vapour  of  water  and  olefiant  gas  are  the 
sole  constituents  of  alcohol.  Subtracting 
the  13.8  per  cent  of  water  in  the  alcohol  at 
the  beginning  of  the  experiment,  the  absolute 
alcohol  of  Richter  will  consist  of  13.7  hydro- 
gen, 51.98  carbon,  and  34.32  oxygen.  Hence 
M.  Gay;  Lussac  infers  that  alcohol,  in  va- 
pour, is  composed  of  one  volume  olefiant  gas, 
and  one  volume  of  the  vapour  of  water,  con- 
densed by  chemical  affinily  into  one  volume. 
Hie  sp.  gr.  of  olefiant  gas  is  0.97804 
Of  aqueous  vapour  is        0.62500 

Siim  =  1.60304 
And  alcoholic  vapour  is  ^  1.6133 
These  numbers  approach  nearly  to  those 
which  would  result  from. two  prime  equiva- 
lents of  olefiant  gas  combined  with  one  of 
vrater ;  or,  ultimately,  three  of  hydrogen,  two 
of  carbon,  and  one  of  oxygen. 

Hie  analytical  experiments  on  alcohol  were 
among  the  most  satisfactory  of  any  which  I 
made  on  vegetable  products,  (see  Analysis 
Vegetable)  ;  for  in  repeated  verifications  the 
results  agreed  within  one  or  at  most  two- 
hundredths  of  a  grain.  Alcohol,  specific  gra- 
vity 0.812,  afforded  me  in  100  parts,  47.85 
caibon,  12.24  hydrogen,  and  39.91  oxygen  ; 
or  referring  the  last  two  to  the  composition  of 
water,  44.9  of  it,  with  7.25  oxygen  in  excess. 
Such  alcohol  would  therefore  seem  to  consist 
nearly  of 

Caibon,        3  atoms,     2.250       46.15 
Hydrogen,  6  0.625       12.82 

Oxygen,      2  2.000      40.03 

4.875     100.00 
Or  of  3  atoms  of  olefiant  gas  =  2.625 

2  water  s=  2.250; 

And  in  volumes, — 

3  vols,  olefiant  gas=  0.9722x3=2.9166 

4  aqueous  vapours  0.625  X  4=  2.5000. 
Thus  alcohol  0.812,  by  the  above  analysis, 
which  I  believe  merits  confidence,  diiiers  from 
M.  Gay  Lussac's  view  of  absolute  alcohol  de- 
duced from  the  experiments  of  M.  de  Saus- 
sore^  in  containing  an  additional  volume  of 
aqueous  vapour.  At  the  sp.  gr.  0.814^  alco- 
hol would  have  exactly  this  atomic  constitu- 
tion. If  the  oMidensation  be  equal  to  the 
ilrhole  three  volumes  of  olefiant  gas,  that  is,  if 
the  seven  vvhimes  of  constituent  gases  b^ 


come  four  of  akoboL  vapooTt  we  sfaaD  fane  the 

specific gnmtysetfaustrength=:  1.3722;  tha 
additional  v6lume  of  aqueous  vapour  produc- 
ing necessarily  this  abatement  in  the  density. 
Messrs  Dumas  and  BouUay  have  recently 
analyzed  alcohol,  and  have  given  the  follow- 
ing result:— 

Carbon,  52.37 

Hydrogen,      13.31 

Oxygen,        34.61 

100.00 

This  constitution  will  agree  with  my  ex- 
periments, when  allowance  is  made  for  the 
water  present  in  alcohol  at  0.812  over  abso- 
lute alcohoL 

A  considerable  number  of  the  uses  of  this 
fluid  as  a  menstruum  will  pass  under  our  ob- 
servation in  the  various  articles  of  this  work. 
The  mutual  action  between  alcohol  and  acids 
produces  a  light,  volatile,  and  inflammable 
substance,  called  ether.  (See  Etheb.)  Pure 
alkalis  unite  with  spirit  of  wine,  and  form  al- 
kaline tinctures.  Few  of  the  neutral  salts 
unite  with  this  fluid,  except  such  as  contain 
ammonia.  The  carbonated  fixed  alkalis  are 
not  soluble  in  it.  From  the  strong  attraction 
which  exists  between  alcohol  and  water,  it 
unites  with  this  last  in  saline  solutions,  and 
in  most  cases  precipitates  the  salt.  Hiis  is  a 
pleasing  experiment,  which  never  fails  to  sur- 
prise those  who  are  unacquainted  with  che- 
mical effects.  If,  for  example,  a  saturated 
solution  of  nitre  in  water  be  taken,  and  an 
equal  quantity  of  strong  spirit  of  wine  be 
poured  upon  it,  the  mixture  will  constitute  a 
weaker  spirit^  which  is  incapable  of  holding 
the  nitre  in  solution ;  it  therefore  falls  to  the 
bottom  instantly,  in  the  form  of  minute  crys- 
tahu 

The  degrees  of  solubility  of  many  neutral 
salts  in  alcohol  have  been  ascertained  by  ex- 
periments made  by  Maoquer,  of  which  an 
account  is  published  in  the  Memoirs  of  the 
Turin  Academy.  The  alcohol  he  employed 
was  carefully  freed  from  superabundant  wa- 
ter by  repeated  rectifications,  without  addi- 
tion of  any  intermediate  substance.  The  salts 
employed  in  his  experiments  were  previously 
deprived  of  their  water  of  crystallization  by  a 
careful  drying.  He  poured  into  a  matrass, 
upon  each  of  the  salts  thus  prepared,  half  an 
ounce  of  his  alcohol,  and  set  the  matrass  in  a 
sand  bath.  When  the  spirit  began  to  boil, 
he  filtrated  it  while  it  was  hot,  and  left  it  to 
cool,  that  he  might  observe  the  crystallizations 
which  took  place.  He  then  evaporated  the 
spirit,  and  weighed  the  saline  residuums.  He 
repeated  these  experiments  a  second  time,  with 
this  difference,  that  instead  of  evaporating  the 
spirit  in  which  the  salt  had  been  digested,  he 
set  fire  to  it,  in  order  to  examine  the  pheno- 
mena which  its  flame  might  exhibit.  The 
principal  results  of  his  experiments  are  sub- 
joinedt 
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efgramu 

SaUstolMein 
200  grains  ofiptrU, 

4 

Nitrate  of  potash. 

5 

0 

15 

0 

0 

108 

24 

Muriate  of  potash. 
Sulphate  of  soda. 
Nitrate  of  soda. 
Muriate  of  soda. 
Sulphate  of  ammonia, 
Nitrate  of  ammonia. 
Muriate  of  ammonia. 

288 

Nitrate  of  lime, 

288 
84 

204 

4 

36 

Muriate  of  lime^ 
Nitrate  of  silver. 
Muriate  of  mercury. 
Nitrate  of  iron. 
Muriate  of  iron. 

48 

Nitrate  of  copper. 

48 

Muriate  of  copper, 

Peculiar  phenomena  ofihejlame, 

(  Flame  larger,  higher,  more  ardent,  ydlow, 
i     and  luminous. 

Large,  ardent,  yellow,  and  luminous. 

Considerably  red. 

Yellow,  luminous,  detonating. 

Larger,  more  ardent,  and  reddish. 

None. 

Whiter,  more  luminous. 

None. 

JLai|^,  more  luminous,  red,  and  decrepi- 
tating. 

Like  that  of  the  calcareous  nitres 

Nona 

Large,  yellow,  luminous,  and  decrepitating. 

Red  and  decrepitating. 

More  whiter  luminous,  and  sparkling. 
f  More  white,  luminous,  and  green ;  much 
<     smoke.     Hie  saline  residuum  became 
C     black  and  burnt 

Fine  green,  whiter  and  red  fulgurafiona. 


.  Macquer  accompanies  the  relation  of  his 
experiments  with  many  judicious  reflections^ 
not  easily  capable  of  abridgment. 

The  alcohol  he  employed  in  the  above  ex- 
periments had  a  specific  gravity  of  0.840.  In 
analytical  researches,  alcohol  affords  frequent- 
ly a  valuable  agent  for  separating  salts  from 
each  other.  We  shall  therefore  introduce  the 
foUowiog  additional  table,  derived  chiefly 
from  the  experiments  of  Wenzel. 

100  parts  of  alcohol  dissolve  of— 

jTempm 


Kitnte  of  Cobalt,  at      5^5^ 

100  parti 

Copper,         54.5 

100 

Alumina,       54.5 

100 

Lime, 

125 

Magnesia,    180.5 

290 

Muriate  of  Zinc,            54.5 

100 

Alumina,      51i.5 

100 

Muriate  of  Magnesia,    180.5 

547 

Iron,            180.5 

100 

Copper,       180.5 

100 

Acetate  of  Lead,          154.5 

100 

At  the  bailing  point,  100  parts 

of  alcohol 

dissolve  of  muriate  of  lime 

100  parts 

Nitrate  of  ammonia. 

89 

.    Corrosive  sublimate. 

sas 

Succinic  add. 

74.0 

Acetate  of  soda. 

4a5 

Nitrate  of  silver. 

41.7 

Refined  sugar. 

24.6 

Boracic  acid, 

2ao 

^traleof  soda. 

9.6 

Acetate  of  copper,     - 

7.5 

Muriate  of  ammonia. 

7.1 

Supersrseniate  of  potash, 

a75 

Oxalate  of  potash,     - 

2.92 

Nitrate  of  potash. 

2.08 

Muriate  of  potash,     - 

2.08 

ArMniate  of  soda. 

1.58 

Arsenious  acid. 

1.25 

Tartrate  of  potash,     - 

a42 

It  appears  firom  the  experiments  of  Kirwan, 
that  dried  muriate  of  magnesia  dissolves  more 
abundantly  in  strong  than  in  weak  alcohoL 
100  parts  of  specific  gravity  0.900,  dissolve 
2L25;  of  0.848,  2^75;  of  0.834,  36.25; 
and  of  0.817,  50  parts.  The  same  holds  to 
a  more  limited  extent  with  acetate  of  lime ; 
2.4  grains  being  soluble  in  100  of  the  first 
alcohol,  and  4.88  in  100  of  the  last  Tbe 
other  salts  which  he-  dried  dissolved  more 
sparingly  in  the  stronger  than  in  the  weaker 
alcohoL  The  temperature  of  the  spirit  was 
generally  60^^. 

All  deliquescent  salts  are  soluble  in  alccK 
hoL  Alcohol  holding  the  strontitic  salts  in 
solution,  gives  a  flame  of  a  rich  purple ;  the 
cupreous  salts  and  boracic  add  give  a  green; 
the  soluble  calcareous,  a  reddish ;  the  barylic, 
a  yellowish.  For  the  effect  of  other  salts  on 
the  colour  of  the  flame^  see  a  preceding  table. 

The  alcohol  of  0.825  has  been  subjected  to 
a  cold  of—-  91°  without  congealing.  But 
Mr  Hutton  has  given,  in  the  Edinburgh  En- 
cyclopaedia, artide  Cold,  an  account  of  his 
having  succeeded  in  solidifying  it  by  a  cold 
of— 110°.  The  alcohol  he  employed  had  a 
density  of  0.798  at  60°.  His  process  baa 
been  kept  secret  See  AOD  (Sqlphuboub), 
for  a  mode  of  freezing  alcohol  by  the  evapo- 
ration  of  that  acid  in  its  liquefied  state.  The 
boiling  point  of  alcohol  of  0.825  is  176°. 
Alcohol  of  0.810  boils  at  17a5o.  For  the 
force  of  its  vapour  at  different  temperatures^ 
and  its  spedfic  heat,  see  CalobiG^  and  the 
Tables  of  Vapour  at  the  end  of  the  volume. 

When  potassium  and  sodium  are  put  in 
contact  with  the  strongest  alcohol,  hydrogen 
18  evolved.  When  chlorine  is  made  to  pasa 
through  alcohol  in  a  Wolfe's  apparatus,  there 
is  a  mutual  action.  Water,  an  oily-looking 
substance,  muriatic  add,  a  little  carbonic  aoid, 
and  carbonaceous  matter,  are  the  products* 
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This  oily  substance  does  not  redden  turnsole,  principle  ha?e  been  constructed  at  Glasgow 

though  its  analysis  by  beat  shows  it  to  con-  for  the  West  India  dtstillersy  and  have  been 

tain  muriatic  acidi     It  is  whiter  denser  than  found  extremely  advantageous.     The  Excise 

water,  has  a  cooling  taste  analc^us  to  mint,  laws  do  not  permit  their  employment  in  the 

and  a  peculiar  but  not  ethereous  odour.     It  home  trade. 

is  very  soluble  in  alcohol,  but  scarcely  in  wa-  A  very  ingenious  still  on  the  above  princi- 

ter.      The  strongest  alkalis  hardly  operate  pies  has  been  recently  invented  by  Mr  J.  J. 

on  it.  Saintmarc      It  has  the  aspect  of  a  copper 

It  was  at  one  time  maintained,  that  alco-  tower,  containing  9  or  10  stories,  each  apart- 

bol  did  not  exist  in  wines,  but  was  generated  ment  being  divided  from  the  one  below  by  s 

and  evolved  by  the  heat  of  distillation.     On  horizontal  partition  or  floor,  pierced  with 

this  sulject  M.  Gay  Lussac  made  some  de-  openings  or  vertical  pipes,  admirably  fitted 

dsive  experiments.     He  agitated  wine  with  for  transferring  to  the  highest  stage,  a  very 

litharge  in  fine  powder,  till  the  liquid  became  fine  concentrated  spirit  in  an  uninterrupted 

as  limpid  as  water,  and  then  saturated  it  with  operation.     The  lowest  floor  alone  is  exposed 

subcarbonate  of  potash.     The  alcohol  imme-  to  the  naked  fire,  and  the  upper  ones  have 

diately  separated,  and  floated  on  the  top.  He  their  contents  heated  by  the  steam  which  it 

distilled  another  portion  of  wine  in  vacuo,  at  causes  to  ascend.     The  apparatus  has  an  ap- 

59^  Fahr.  a  temperature  considerably  below  pearance  of  complication,  but  I  should  think 

that  of  fermentation.     Alcohol  came  over,  it  quite  simple  and  BatisfiM;tory  in  its  per- 

Mr  Brande  proved  the  same  position  by  sa-  ibrmance.     It  has  been  made  the  subject  of 

turating  wine  with  subacetate  of  lead,  and  a  patent, 

adding  potash.  If  sulphur  in  sublimation  meet  with  the 

MM.  Adam  and  Duportal  have  subsdtut-  vapour  of  alcohol,  a  very  small  portion  corn- 
ed for  the  redistillations  used  in  converting  bines  with  it,  which  communicates  a  hydro* 
wine  or  beer  into  alcohol,  a  single  process  of  sulphurous  smell  to  the  fluid.  Hie  increased 
l^reat  el^ance.  From  the  capital  of  the  stiU  surface  of  the  two  substances  appears  to  &- 
a  tube  is  led  into  «  large  copper  recipient  vour  the  combination.  It  had  been  suppos* 
Tliis  is  joined  by  a  second  tube  to  a  second  ed,  that  this  was  the  only  way  in  which  they 
recipient,  and  so  on  through  a  series  of  four  could  be  united ;  but  M.  Favre  has  lately 
vessels,  arranged  like  a  Woolfe*s  apparatus,  asserted,  that  having  digested  two  drams  ot 
The  last  vessel  communicates  with  ihe  worm  flowers  of  sulphur  in  an  ounce  of  alcohol, 
of  the  first  refrigeratory.  This,  the  body  of  over  a  gentle  fire,  not  suflident  to  make  it 
the  still,  and  the  tworedpients  nearest  it,  are  boil,  for  twelve  hours,  he  obtained  a  solution 
charged  with  the  wine  or  fermented  liquor4  that  gave  twenty-three  grains  of  precipitate. 
"When  ebullition  takes  place  in  the  still,  the  A  similar  mixture  left  to  stand  for  a  month 
vapour  issuing  from  it  communicates  soon  in  a  place  exposed  to  the  solar  rays,  afforded 
the  boiling  temperature  to  the  liquor  in  the  sixteen  grains  of  predpitate ;  and  another, 
two  recipients.  From  these  the  volatilized  from  which  the  light  was  excluded,  gave 
alcohol  will  rise  and  pass  into  the  third  ves-  thirteen  grains.  If  alcohol  be  boiled  with 
sel,  which  is  empty.  After  communicating  one>fourUi  of  its  weight  of  sulphur  for  an 
a  certain  heat  to  it,  a  portion  of  the  finer  or  hour,  and  filtered  hot,  a  small  quantity  of 
less  condensable  spirit  will  pass  into  the  minute  crystals  will  be  deposited  on  cooling; 
fourth,  and  thence,  in  a  little,  into  the  worm  and  the  clear  fluid  will  assume  an  opaline 
of  the  first  refrigeratory.  The  wine  round  hue  on  bdng  diluted  with  an  equal  quantity 
the  worm  will  likewise  acquire  heat,  but  more  of  water,  in  which  state  it  will  pass  the  filter, 
slowly.  The  vapour  that  in  that  event  may  nor  will  any  sediment  be  deposited  for  seve- 
pass  uncondensed  through  the  first  worm,  is  ral  hours.  The  alcohol  used  in  the  last  men- 
conducted  into  a  second,  surrounded  with  tioned  experiment  did  not  exceed  .840. 
cold  water.  Whenever  the  still  is  worked  ofl^  Phosphorus  is  sparingly  soluble  in  alcohol, 
it  is  replenished  by  s  stopcock  from  the  near-  but  in  greater  quantity  by  heat  than  in  cold. 
est  redpient,  which,  in  its  turn,  is  filled  from  The  addition  of  water  to  this  solution  affords 
the  second,  and  the  second  from  the  first  an  opaque  milky  fluid,  which  gradually  .  e- 
worm  tub»  It  is  evident,  from  this  arrange-  comes  clear  by  the  subsidence  of  the  phos- 
ment,  that  by  keeping  the  3d  and  4th  red-  phorus. 

pients  at  a  certain  temperature,  we  may  cause  Earths  seem  to  have  scarcely  any  action 

alcohol,  of  any  degree  of  lightness,  to  form  upon  alcohol.  Quicklime,  however,  produces 

directly  at  the  xemote  extremity  of  the  appa-  some  alteration  in  this  fluid,  by  changing  its 

latus.      The  utmost  economy  of  fuel  and  flavour,  and  rendering  it  of  a  yellow  colour, 

tame  is  also  secured,  and  a  better  flavoured  A  small  portion  is  probably  taken  up. 

spirit  is  obtained.     The  arrOre  gout  of  bad  Soaps  are  dissolved  with  great  facility  in 

spuit  can  scarcely  be  destroyed  by  infusion  alcohol,  with  which  they  combine  more  rea- 

with  charcoal  and  redistillation.  In  this  mode  dily  than  with  water.      None  of  the  metals, 

of  operating^  the  taste  and  smell  are  excellent  or  their  oxides,  are  acted  upon  by  t  is  fluid, 

from  the  first      Several  stills  on  the  above  Resins,  essential  oils,  camphor,  bitumen,  and 
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various  other  substances^  are  dissolved  with 
great  facility  in  alcohol,  from  which  they 
may  be  precipitated  by  the  addition  of  water. 
¥Vom  its  property  of  dissolving  resins,  it 
becomes  the  menstruum  of  one  class  of  var- 
Dishes.     See  Varnish. 

Camphor  is  not  only  extremely  soluble  in 
alcohol,  but  assists  the  solution  of  resins  in  it.' 
Fixed  oils,  when  rendered  drying  by  metallic 
oxides,  are  soluble  in  it,  as  well  as  when 
combined  with  alkalis. 

Wax,  spermaceti,  biliary  calculi,  urea,  and 
all  the  animal  substances  of  a  resinous  nature, 
are  soluble  in  alcohol ;  but  it  curdles  milk, 
coagtthues  albumen,  and  hardens  the  muscu- 
lar fibre  and  coagulum  of  the  blood. 

The  uses  of  alcohol  are  various.  As  a  sol- 
rent  of  resinous  substances  and  essential  oils, 
it  is  employed  both  in  pharmacy  and  by  the 
perfumer.  When  dOuted  with  an  equal  quan- 
tity of  water,  constituting  what  is  caUed  proof 
spirit,  it  is  used  for  extracting  tinctures  from 
Testable  and  other  substances ;  the  alcohol 
dissolving  the  resinous  parts,  and  the  water 
the  gummy.  From  giving  a  steady  beat 
without  smoke  when  burnt  in  a  lamp,  it  was 
formerly  much  employed  to  keep  water  boil- 
ing on  the  tea-table.  In  thermometers,  for 
measuring  great  degrees  of  cold,  it  is  prefer- 
able to  mercury.  It  is  in  common  use  for 
preserving  many  anatomical  preparations,  and 
certain  subjects  of  natural  history ;  but  to 
some  it  is  injurious,  Uie  molluscae  for  in- 
stance, the  calcareous  covering  of  which  it  in 
time  corrodes.  It  is  of  considerable  use  too 
in  chemical  analysis,  as .  appears  under  the 
difTerent  articles  to  which  it  is  applicable. 

From  the  great  expansive  power  of  alco- 
hol, it  has  been  made  a  question,  whether  it 
might  not  be  applied  with  advantage  in  the 
vrorking  of  steam-engines.  From  a  series  of 
experiments  made  by  Betancourt,  it  appears, 
that  the  steam  of  alcohol  has,  in  aU  cases  of 
equal  temperature,  more  than  double  the 
force  of  that  of  water ;  and  that  the  steam  of 
alcohol  at  174><^  K  is  equal  to  that  of  water 
at  21^.  Tlius  tliere  is  a  considerable  dimi- 
nution of  tibe  consumption  of  fuel ;  and  where 
this  is  so  expensive  as  to  be  an  object  of  great 
importance,  by  contriving  the  machinery  so 
as  to  prevent  the  alcohol  from  being  lost,  it 
may  possibly  at  some  future  time  be  used 
with  advantage,  if  some  other  fluid  of  great 
expansive  power,  and  inferior  price,  be  not 
found  more  economical. 

In  my  experiments  on  vapours,  I  found 
that  the  latent  heat  of  that  of  alcohol  is  less 
than  one^half  that  of  water ;  for  which  rea- 
son the  former  would  serve  well  for  impell- 
ing the  pistons  of  steam-engines,  were  it  not 
to  act  on  the  metals,  which  has  been  sur- 
mised. 

It  was  observed  at  the  beginning  of  this 
article,  that  alcohol  might  be  decomposed  by 
transroiaaion  through  a  red-hot  tube:  it  is  also 


decomposable  by  the  strong  adds,  and  thus 
affords  that  remarkable  product,  E^heb,  and 
Oleum  Vinl 

ALE.     See  Beer. 

ALBEMIC,  or  STILL.  This  part  of 
chemical  apparatus,  used  for  distilling  or  se<* 
parating  volatile  products,  by  first  raising 
them  by  beat,  and  then  condensing  them  into 
the  liquid  state  by  cold,  is  of  extensive  use  in 
a  variety  of  operations.  It  is  described  un- 
der the  article  Laboratory. 

ALEM  BROTH  SALT.  Corrosive  mu- 
riate of  mercury  is  rendered  much  more  solu* 
ble  in  water,  by  the  addition  of  muriate  of 
ammonia.  From  this  solution  crystals  are 
separated  by  cooling,  which  were  odled  sal- 
alerobroth  by  the  earlier  chemists,  and  appear 
to  consist  of  ammonia,  muriatic  acid,  and 
mercury. 

ALGAROTH  (POWDER  OF).  Among 
the  numerous  preparations  which  the  alche- 
mical researches  into  the  nature  of  antimony 
have  aflfbrded,  the  powder  of  algaroth  is  one. 
When  butter  of  antimony  is  thrown  into 
water,  the  greater  part  of  the  metallic  oxide 
falls  down  in  the  form  of  a  white  powder, 
which  is  the  powder  of  algaroth.  It  is  vio*- 
lently  purgative  and  emetic  in  small  doses  of 
three  or  four  grains.     See  Amtoiony. 

ALIMENTARY  SUBSTANCES.  The 
chemical  relations  of  tiiese  substances  have 
lately  formed  the  subject  of  an  elaborate  me- 
moir  by  Dr  Flrout.     His  first  object  was,  to 
devise,  if  possible,  an  unexceptionable  mode 
of  determining  the  proportions  of  the  three 
or  four  principles,  which,  with  few  excep- 
tions, form  organic  bodies ;  and  after  nume- 
rous trials,  be  adopted  a  method,  founded 
upon  the  following  well  known  principles. 
Wlien  an  oi^nic  product,  containing  three 
elements,  hydrogen,  carbon,  and  oxygen,  is 
burnt  in  oxygen  gas,   one  of  three  things 
must  happen :— 1.  The  original  bulk  of  oxy- 
gen gas  may  remain  the  same ;  in  which  case 
the  hydrogen  and  oxygen  in  the  substance 
must  exist  in  it  in  the  same  proportions  in 
which  they  exist  in  water ;  or,  2.  The  origi- 
nal bulk  of  the  oxygen  may  be  increased;  in 
which  case  the  oxygen  roust  exist  in  the  sub- 
stance in  a  greater  proportion  than  it  exists 
in  water ;  or,  3.  The  original  bulk  of  the 
oxygen  gas  may  be  diminished ;  in  which 
case  the  hydrogen  must  predominate.    Hence 
it  is  obvious,  that  in  the  first  of  these  cases 
the  composition  of  a  substance  may  be  de- 
termined, by  simply  ascertaining  tiie  quantity 
of  carbonic  acid  gas  yielded  by  a  known 
quantity  of  it ;  while  in  the  other  two,  the 
same  can  be  readily  ascertained  by  mean's  of 
the  same  data,  and  by  noting  the  excess  or 
diminution  of  the  original  bulk  of  the  oxy- 
gen gas  employed. 

Dr  Prout*s  apparatus  consists  of  two  in- 
verted glass  syphons,  which  act  the  part  of 
gasometeis:  these  are  connected,  when  re- 
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quired»  by  a  mudl  green  glass  tube^  in  which 
the  substance  is  to  be  decomposed  and  burnt. 
Tlie  syphons  are  very  carefully  graduated,  so 
that  the  quantity  of  gas  in  them  can  be  aocu- 
tatdy  estimated ;  and  are  supplied  with  cocks 
both  above  and  below,  so  that  they  can  be 
filled  with  mercury,  the  mercury  drawn  off 
and  gas  introduced,  the  gas  transferred 
through  the  green  glass  tube,  or  the  contents 
retained  in  an  undisturbed  states  with  the 
utmost  readiness  and  ease.  Hie  substance 
to  be  decomposed  may  be  put  into  a  platina 
tray,  and  introduced  alone  into  the  green 
glaos  tube»  axid  being  there  heated  by  a  spirit 
lamp,  be  burnt  in  the  gas  passing  over  it;  or 
it  may  be  mixed  with  pure  siliceous  sand ; 
or,  what  is  most  generally  preferable^  be 
mixed  with  peroxide  of  copper,  which  is  al- 
ways left,  in  consequence  of  the  excess  of 
oxygen  gas  used,  in  the  state  in  which  it  was 
introduced.  After  the  experiment,  the  volume 
of  gas  is  easily  corrected  for  pressure,  and,  if 
necessary,  for  temperature,  and  the  carbonic 
add  ascertained  by  the  removal  and  analysis 
of  a  portion.  No  correction  is  required  for 
moisture,  the  gas  always  being  used  saturated 
with  water. 

Dr  Pirout  considers  the  principal  alimentary 
substances  as  reducible  to  three  great  classes, 
the  saecharinef  the  oi/y,  and  the  albuminous  ; 
and  his  paper  relates  to  the  first  of  these. 
This,  with  certain  exceptions,  includes  the 
substances  in  which,  according  to  MM.  Gay 
Lusaac  and  Thenard,  the  oxygen  and  hydro- 
gen are  in  the  same  proportion  as  in  water. 
Such  substances  are  principally  derived  from 
the  vegetable  kingdom;  and  being  at  the 
same  time  a/mMiiiory,  Dr  Prout  uses  the 
terms  taccharine  jfrindpU  and  vegeiabie  dU^ 
ment  as  synonymous. 

Tlie  following  tables  show  some  of  Dr 
Ftrout*s  results  with  several  substances,  ex- 
treme care  having  been  taken  in  every  case 
to  obtain  the  bodies  pure,  and  new  processes 
were  often  resorted  to  for  that  purpose. 

SUGAB. 
Carbon.  Water. 

Pure  sugar  candy,  42.85  57. 1 5 

Impure  sugar  can- 
dy,       -  41.5  to  42.5    5&5  to  57.5 

East  India  sugar 
candy,       -       41.9  5a  1 

English   refined 
sugar,  41.5  to  42.5    5a5  to  57.5 

Maple  sugar,        42.1  57.9 

Beet-root  sugar,  42.1  57.9 

East  India  moist 
sugar,      -        40.88  59.12 

Sugar  of  diabetic 
urine,       -       36  to  40?       64  to  60? 

Sugar  of    Nar- 
bonne  honey,    36.36  63.63 

Sugar  fromstarcb,  36.2  63.8 


AlCYLACEOUS  PBINGIFLE8. 

Carb,   WaU 
Fine  wheat  starch,  37.5    62.5 

dried,  («)         42.8    57.2 

highly  dried,(«)  44.0    56.0 

Arrowroot,  -  -  36.4    6a6 

dried,(3)  -        42.8    57.8 

-«— — *  hi^ly  dried,  44.4    55.6 

(<)  Was  dried  between  200<>  and  212o  for 
twenty  hours,  lost  12.5  per  cent. 

n)  Part  of  the  former,  dried  between  300^ 
ana  350^,  for  six  hours,  lost  2.3  per  cent. 

(^)  Dried  as  (*),  lost  15  per  cent. 

(4)  Ptot  of  the  last,  heated  to  212<'  for  six 
hours  longer,  lost  3.2  per  cent  more. 

LiGNiN  OR  Woody  Fibre. 
Obtained  by  rasping  wood,  and  then  pul- 
verizing it  in  a  mortar ;  boiling  the  impal- 
pable powder  in  water  till  nothing  more  waa 
removed;  then  in  alcohol;  again  in  vniter, 
and  dried  in  the  air  till  they  ceased  to  lose 
weight 

Carb,        Wat, 
From  box,         -        -        42.7        57.3 

dried,(»)       -       50  50 

From  willow,  -  42.6        57.4 

dried,(0    -     49.8        50.2 

(0  Dried  at  212<^  for  six  hours,  afterwaida 
between  300^  and  3500  for  six  houn.  xi^t 
from  box  lost  14.6,  that  from  vrillow  14.4 
per  cent 

Curb.  Wat. 

Acetic  acid,        -        47.05        52.95 
Sugar  of  milk,       -      40.00        60 
Manna  sugar,      -        3a7  61.3 

Gum-arabic         -        36.3  6a7 

dried,  (>)  41.4  5a6 

(')  Dried  between  2009  and  212^^  for  20 
hours,  lost  12.4  per  cent.  The  same  gum 
further  heated  to  between  300^  and  350^  for 
six  hours,  lost  only  2.6  per  cent,  and  had  be- 
come deep  brown. 


Vegetable  adds. 

Carbon. 

Water. 

Oxygen. 

Oxalic  acid. 

19.04 

42.85 

38.11 

Citric  add. 

34.28 

42.85 

22.87 

Tartaric  add. 

32.00 

36.00 

32.00 

Malic  add, 

40.68 

45.76 

13.56 

Sacburtic  add. 

3a33 

44w44 

22.22 

ALIZARINE.     See  Madder. 

ALK  A  HEST.  The  pretended  universal 
solvent  or  menstruum  of  the  ancient  chemists. 
Kunckel  has  very  well  shown  the  absurdity 
of  searching  for  a  universal  solvent,  by  ask- 
ing, **  If  it  dissolve  all  substances,  in  what 
vessels  can  it  be  contained  ?*' 

ALKALESCENT.  Any  substance  in 
which  alkaline  properties  are  banning  to  be 
developed,  or  to  predominate^  is  termed  alka- 
lescent The  only  alkali  usually  observed  to 
be  produced  by  spontaneous  decomposition  is 
ammonia;  and  from  their  tendency  to  pro- 
duce this,  some  spedes  of  v^^etables,  parti- 
cularly the  cruciform,  are  styled  aLkalescent, . 


ALK  laS  ALK 

n  an  nme  miiiMl  lubstancea.     See  Fee-    morphiay  strycbnia,  qiiiai%  ciiidioiiiii%  «m| 
I&BNTATION  (Poteid).  pcrfasps  flOBM  otfaor  truly  vegetable  alkalii. 


ALKALI.     A  term  deriTed  from  kah,     Tboe  are  called  by  the  German  chemists,  al- 
the  Arabic  name  of  a  plant,  tnm  ifae  aahes     kaloids.    (See^EGETABLE  Kingdom.)    Hie 


of  wbich  one  apedea  of  alkaline  substance  order  of  vegetable  alkalis  maj  be  as  nmne- 

can  be  eitracted.     Alkalis  may  be  deSned,  rous  as  that  of  vegetable  adds.     The  earths, 

those  bodies  which  combine  with  adds,  so  as  lime,    baryta,  and  strontia,   were  enrolled 

to  neutraliae  or  impair  their  activity,  and  pro^  among  the  alkalis  by  Fourcroy ;   but  they 

duoe  salts.    Acidity  and  alkalinity  are  there-  have  been  kept  apart  by  other  systematic 

fore  two  correlative  terms  of  one  spedes  of  writen»  and  are  called  alkaline  earths. 
combination.      When  Lavoisier  introduced         Besides  neutralising  addity,  and  thereby 

oxygen  as  the  acidifying  prindple^  Morveau  giving  birth  to  salts,  the  first  four  alkalis  hav^ 

proposed  hydrogen  as  the  alkalifying  prind-  the  following  properties  :— 
ple^  from  its  bong  a  constituent  of  volatile         l<l»  They  change  the  purple  colour  of  many 

alkali  or  ammonia.     But  the  splendid  dis-  vegetables  to  a  green,  the  reds  to  a  purple, 

oovery  by  Sir  H.  Davy,  of  the  metallic  bases  and  the  yellows  to  a  brown.     If  the  purple 

of  potash  and  soda,  and  of  thdr  conversion  have  been  reddened  by  add,  alkalis  restore 

into  alkalis  by  combination  with  oxygen,  has  the  purple. 

banished  for  ever  that  hypothetical  concdt.         2fi^  They  possess  this  power  on  vegetable 

It  is  the  mode  in  which  tlie  constituents  are  colours  after  bang  saturated  with  carbonic 

combined,  rather  than  the  nature  of  tibe  con-  add,  by  which  criterion  they  are  distinguish- 

stituents  themselves,  which  gives  rise  to  the  able  from  the  alkaline  earths. 
add  or  alkaline  condition.      Some  metals,         Sd,  They  have  an  acrid  and  urinous  taste, 
combined  with  oxygen,  in  one  proportion  pro-         4f  A,  They  are  powerful  solvents  or  corro- 

dnce  a  body  possessed  of  alkaline  properties^  sives  of  animal  matter ;  with  which,  as  well 

in  another  proportion  of  add  properties.  And  u  with  fat  of  oils  in  general,  they  combine^ 

on  die  other  hand,  ammonia  and  prussic  add  so  as  to  produce  neutrality. 
prove  that  both  the  alkaline  and  add  oondi-         ^A,  They  are  decomposed,  or  volatilised, 

tions  can  exist  independent  of  oxygen.  Tbeee  at  a  strong  red  heat 

obaervations,  by  generalising  our  notions  of        6M,  They  combine  with  water  in  every 

adds  and  alkaUs,  have  rendered  the  defini-  proportion,  and  also  largely  irith  alcohoL 
tions  of  them  very  imperfect    The  difficulty         7M,  They  continue  to  be  soluble  in  water 

of  tiadng  a  limit  between  the  adds  and  al-  when  neutralised  with  carbonic  add ;  while 

kalis  is  still  increased,  when  we  find  a  body  the  alkaline  earths  thus  become  insoluble, 
sometimes  perfbrming  the  functions  of  an         It  is  needless  to  detail  at  length  Dr  Mur- 

acid,  sometimes  of  an  alkali.     Nor  can  we  ray*8  speculations  on  alkalinity.     They  seem 

diminish  this  difficulty  by  having  recourse  to  to  flow  from  a  partial  view  of  chemical  phe- 

tbe  beautiful  law  discovered  by  Sir  H.  Davy,  nomena.     According  to  him,  either  oxygen 

that  oxygen  and  adds  go  to  the  positive  pole,  or  hydrogen  may  generate  alkalinity,  but  th« 

and  hydrogen,  alkalis,  and  inflammable  bases,  combination  of  both  prindples  is  necessary  to 

to  the  n^ative  pole.    We  cannot  in  fact  give  give  this  condition  its  utmost  energy.  "  Ilius 

the  name  of  add  to  all  the  bodies  which  go  the  class  of  alkalis  will  exhibit  the  same  rela- 

to  the  first  of  these  poles,  and  that  of  alkali  to  tions  as  the  class  of  adds.     Some  are  com- 

those  that  go  to  the  second ;  and  if  we  wish  pounds  of  a  base  with  oxygen ;  such  are  the 

to  define  the  alkalis,  by  bringing  into  view  greater  number  of  the  metallic  oxides,  and 

thdr  dectric  energy,  it  would  be  necessary  probably  of  the  earths.    Ammonia  is  a  conK 

to  compare  them  with  the  electric  energy  pound  of  a  base  with  hydrogen.     Potash, 

which  is  opposite  to  them.     Thus  we  are  al-  soda,  baryta,  strontia,  and  probably  lime,  ara 

ways  reduced  to  define  alkalinity  by  the  pro-  compounds  of  bases  with  oxygen  and  hydro-i 

perty  which  it  has  of  saturating  addity,  be-  gen ;  and  these  last,  like  the  analogous  order 

cause  alkalinity  and  addity  are  two  correla-  among  the  adds,  possess  the  highest  power.*' 

Uve  and  inseparable  terms.     M.  Gay  Lussac  Now,  surely,  perfectly  dry  and  caustic  bary ta» 

conodves  the  alkalinity  which  the  metallic  ox-  lime^  and  strontia,  as  well  as  the  dry  potash 

ides  eigoy,  to  be  the  result  of  two  opposite  pro-  and  soda  obtained  by  Gay  Lussac  and  Th^ 

perties,  tiie  alkalifying  property  of  the  metal,  nard,  are  not  inferior  in  alkaline  power  to  tha 

and  the  acidifying  of  oxygen,  modified  both  same  bodies  after  they  are  slacked  or  com- 

by  the  combination  and  by  the  proportions.  bined  with  water.     100  parts  of  lime  desti-. 

The  alkalis  may  be  arranged  into  three  tute  of  hydrogen,  that  is,  pure  oxide  of  caU 

dasses:— l<r,  Those  which  consist  of  a  me-  dum,  neutralise  78  parts  of  carbonic  add. 

tallic  basis  combined  with  oxygen.     These  But  132  parts  of  Dr  Murray's  j|rofi^«<flimc^ 

are  three  in  number,  potash,  soda,  and  lithia.  that  is  the  hydrate,  are  required  to  produce 

2df  That  which  contains  no  oxygen,  vis.  am-  the  same  alkaline  effect.    If  we  ignite  nitrate 

monia.     3d,  lliose  containing  oxygen,  by-  of  baryta,  we  obtain,  as  is  well  known,  a  per- 

drogen,  and  carbon.     In  this  daas  we  have  fectly  dry  baryta,  or  protoxide  of  barium ; 

aconite,  bnida,  datura,  ddphia,  hyotdama,  but  if  we  ignite  ctystallized  barytsi  we  obtain 
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the  fuune  alludine  etrth  combined  with  a  prime  tinged  with  it,  and  applied  on  warm  maible^ 
equiTalent  €f  water.  Tliese  two  different  ttaios  it  of  a  flesh  colour,  which  sinks  deep, 
states  of  baryta  were  demonstrated  by  M.  into  the  stone ;  as  the  spirituous  tincture 
Berthollet,  in  an  eicellent  paper  published  gives  it  a  deep  red  stain, 
in  the  2d  volume  of  the  Memoires  d*  Arcueil,  As  the  colour  of  this  root  is  confined  to 
so  far  back  as  1809.  *'  The  first  baryta,*'  the  baric,  and  the  small  roots  have  more  bark 
(that  from  crystallized  baryta),  says  he,  **  pre-  in  proportion  to  their  bulk  than  the  great 
sents  all  the  characters  of  a  combination :  it  ones,  these  also  afford  most  colour. 
is  engaged  with  a  substance  which  diminithes  ALLAGITE.  A  carbo-silicate  of  man- 
its  action  on  other  bodies,  which  renders  it  ganese. 

more  fusible^  and  which  gives  it  by  fusion  the  ALL  ANITE.   A  mineral  first  recognised 
appearance  of  glass.     'Diis  substance  is  no-  as  a  distinct  species  by  Mr  Allan,  of  £din- 
tfaing  else  than  water;  but  in  fact,  by  adding  burgh,  to  whose  accurate  knowledge  and 
a  little  water  to  the  second  baryta  (that  from  splendid  collection,  the  science  of  miners- 
ignited  nitrate),  and  by  urging  it  at  the  fire,  logy  has  been  so  much  indebted  in  Scotland, 
we  give  it  the  properties  of  the  first"    Page  Its  analysis  and  description,  by  Dr  Tliom- 
47.     100  parts  of  baryta  void  of  hydrogen,  son,  were  published  in  the  6th  volume  of  the 
or  dry  baryta,  neutralize  28^  of  dry  cartwnic  Edinburgh  PhiL  IVans.    M.  Giesecke  found 
add.     Whereas  111^  parts  of  the  hydrate,  it  in  a  granite  rock  in  West  Greenland.     It 
or  what  Dr  Murray  has  styled  the  most  ener-  is  massive,  and  of  a  brownish-black  colour, 
getic,  are  required  to  produce  the  same  effect.  External  lustre^  dull ;  intemaU  shining  and 
In  ftct,  it  is  not  hydrogen  which  combines  resinous ;  fiacture  small  conchoidal-^opaque 
with  the  pure  barytic  earth,  but  hydrogen  ^-greenish-grey  streak    scratches  glass  and 
and  oxygen  in  the  state  of  water.    The  proof  homblende----brittle ;  spec.  grav.  3.5  to  4i.O ; 
of  this  is,  that  when  cart>onic  acid  and  that  froths  and  melts  imperfectly  before  the  blow- 
hydrate  unite,  the  exact  quantity  of  water  is  pipe  into  a  black  scoria.     It  consists,  in  100 
disengaged.     The  protoxide  of  barium,  or  parts,  of  silica  35.4s  oxide  of  cerium  33.1^ 
pure  baoTta,  has  never  been  combined  with  oxide  c€  iron  25.4,  lime  9.2,  alumina  4. 1, 
hydrogen  by  any  chemist  and  moisture  4.0.     It  has  been  also  found 
ALKALI  (MINERAL  or  FOSSIL),  crystallized  in  four,  six,  or  eight-sided  prisms. 
An  old  name  of  Soda.  It  closely  resembles  g^olinite,  but  may  be 
ALKALI  (PHLOGISTICATED,  or  distinguished  from  the  thin  fragments  of  the 
PRUSSIAN).     When  a  fixed  alkali  is  ig-  latter,  being  translucent  on  the  edges,  and  of 
nited  with  bullock*s  blood,  or  other  animal  a  fine  green  colour,  whereas  those  of  the  for- 
substances,  and  lixiviated,  it  is  found  to  be  mer  are  commonly  opaque  and  of  a  yellowish- 
in  a  great  measure  saturated  with  the  prussic  brown.  The  ores  of  cerium,  analyzed  by  Ber- 
add :  From  the  theories  formeriy  adopted  re-  zelius  under  the  name  (^  cerin,  approach  very 
Bpecting  this  combination,  it  was  distinguish-  closely  in  their  composition  to  allanite. 
ed  by  the  name  of  phlogisticated  alkalL    See  ALLOCHROITE.     A  massive  opaque 
Aqd  (Prussic).  mineral,  of  a  greyish,  yellowish,  or  reddish 
ALKALI   (VOLATILE).      See   Am-  colour.    Quartz  scratches  it,  but  it  strikes  fire 
MONIA.  with  steel.     It  has  externally  a  glistening, 
ALKALIMETER.  The  name  first  given  and  internally  a  glimmering  lustre.      Its 
by  M.  Descroizilles  to  an  instrument  or  mea-  fracture  is  uneven,  and  its  fragments  are 
sure  of  bis  graduation,  for  determining  the  translucent  on  the  edges :  sp.  gr.  3.5  to  3.6. 
quantity  of  idkali  in  commercial  potash  and  It  melts  before  the  blowpipe  into  a  black 
soda,  by  tlie  quantity  of  dilute  sulphuric  acid  opaque  enamel.     Vauquelin's  analysis  is  the 
of  a  known  strength  which  a  certain  weight  following :  silica  35,  lime  30.5,  oxide  of  iron 
of  them  could  neutralize.  17,  alumina  8,  carbonate  of  lime  6,  oxide  of 
ALKANET.      The  alkanet  plant  is  a  manganese  3.5.     M.  Brogniart  says  it  is  ab- 
klnd  of  bugjoss,  which  is  a  native  of  the  solutely  infusible  without  addition,  and  that 
warmer  parts  of  Europe,  and  cultivated  in  it  requires  a  flux,  as  phosphate  of  soda  or  am- 
some  of  our  gardens.     Ibe  greatest  quanti-  monia.    With  these  it  passes  through  a  beau- 
ties are  raised  in  Germany  and  France,  par-  tiful  gradation  of  colours.     It  is  covered  at 
ticularly  about  Montpelier,  whence  we  are  first  with  a  species  of  enamel,  which  becomes 
chiefly  supplied  with  the  roots.     These  are  on  cooling  riKidish-yeUow,  then  greenish,  and 
of  a  superior  quality  to  such  as  are  raised  in  lastly  of  a  dirty  yellowish-white.     He  repre- 
England.    This  root  imparts  an  elegant  deep  sents  it  as  pretty  difficult  to  break.     It  was 
red  colour  to  pure  alcohol,  to  oils,  to  wax,  found  by  M.  Dandrada  in  the  iron  mine  of 
and  to  all  unctuous  substances.    The  aqueous  Virums,  near  Dremmen  in  Norway.     It  is 
tincture  is  of  a  dull  brownish  colour ;  as  is  accompanied  by  carbonate  of  lime,  protoxide 
likewise  the  spirituous  tincture  when  inspis-  of  iron,  and  sometimes  brown  garnets, 
sated  to  the  consistence  of  an  extract     The  ALLOPHANE.     A  mineral  of  a  blue, 
principal  use  of  alkanet  root  is,  that  of  colour-  and  sometimes  a  green  or  brown  colour,  which 
ing  oils,   unguents,   and  lip-salves.     Wax  occurs  massive^  or  in  imitative  shapes.    Lus-. 
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in  vitreous ;  fiMcture  imperfectly  ooncboicbl ; 
tnmsparent  or  tmislucent  on  the  edges.  Mo- 
derately hard,  but  very  brittle.  Sp.  gr.  L89. 
Composition,  silica  21.92,  alumina  32.2, 
lime  0.73^  sulphate  of  lime  0.52,  carbonate 
of  copper  3.06,  hydrate  of  iron  0.27,  water 
41.3.— 5i(rDin€ytfr.  It  gelatinises  in  adds. 
It  is  found  in  a  bed  of  iron-shot  limestone  in 
greywacke  slatc^  in  the  forest  of  Thuringia. 
It  was  called  Riemannite. 

ALLAY,  or  ALLOY.  Where  any  pre- 
dotts  metal  is  mixed  with  another  of  less 
Tahie^  the  assayers  call  the  latter  the  alloy, 
and  do  not  in  general  consider  it  in  any  other 
point  of  view  than  as  debasing  or  diminishing 
the  value  of  the  precious  metal.  Philosophi- 
cal chemists  have  availed  themselves  of  this 
term  to  distinguish  all  metallic  compounds  in 
generaL  Thus  brass  is  called  an  alloy  of  cop- 
per and  zinc ;  bell-metal,  an  alloy  of  copper 
and  tin. 

Alloys  are  not,  as  far  as  we  know,  definite- 
ly regulated  like  oxides  in  the  proportions  of 
their  component  parts.  100  parts  of  mercury 
will  combine  with  4  or  8  parts  of  oxygen,  to 
form  two  distinct  oxides,  the  black  and  the 
red ;  but  with  no  greater,  less,  or  interme* 
diate  proportions.  But  1 00  parts  of  mercury 
will  unite  with  1,  2,  3,  or  with  any  quantity 
np  to  100  or  1000,  of  tin  or  lead.  The  al- 
loy%  have  the  closest  relations  in  their  physi- 
cal properties  with  the  metals.  They  are  all 
solid  at  the  iemperature  of  the  atmosphere, 
except  some  amalgams :  they  possess  metallic 
lustre,  even  when  reduced  to  a  coarse  pow- 
der ;  are  completely  opaque,  and  more  or  less 
dense,  according  to  the  metals  which  compose 
tbem ;  are  excellent  conductors  of  electridty ; 
crystallize  more  or  less  perfectly :  some  are 
brittle^  others  ductile  and  malleable;  some 
have  a  peculiar  odour ;  several  are  very  sono- 
rous and  elastic.  When  an  alloy  consists  of 
metals  differently  fusible^  it  is  usually  mal- 
leable while  cold,  but  brittle  while  hot ;  as  is 
exemplified  in  brass.    . 

The  density  of  an  alloy  is  sometimes  great- 
er, sometimes  less,  than  the  mean  density  of 
its  components,  showing  that,  at  the  instant 
of  their  union,  a  diminution  or  augmentation 
of  volume  takes  place.  Hie  relatiqn  between 
the  expansion  of  the  separate  metals  and  that 
of  their  alloys,  has  been  investigated  only  in 
a  very  few  cases.  Alloys  containing  a  vola- 
tile metal  are  decomposed,  in  whole  or  in 
part,  at  a  strong  heat.  This  happens  vrith 
those  of  arsenic,  mercury,  tellurium,  and  zinc 
Those  that  consist  of  two  dififerently  fusible 
metals,  may  often  be  decomposed  by  expos- 
ing them  to  a  temperature  capable  of  melting 
cmly  one  of  them.  This  operation  is  called 
eliquation.  It  is  practised  on  the  great  scale 
to  extract  silver  from  copper.  The  argenti- 
ferous copper  is  melted  with  3§  times  its 
weight  of  lead ;  and  the  triple  alloy  is  expos- 
ed to  a  bofiicient  heat     The  lead  carries  off* 


the  silver  in  its  fusion,  and  leaves  the  copper^ 
under  the  form  of  a  spongy  lump.  Hie  sU- 
ver  is  afterwards  recovered  from  the  lead  by 
another  operation. 

Some  alloys  oxidize  more  readily  by  heat 
and  air,  than  when  the  metals  are  separately 
treated.  Thus  3  of  lead,  and  1  of  tin,  at  a 
dull  red,  bum  visibly,  and  are  almost  instant- 
ly oxidized.  Each  by  itself,  in  the  same  dr- 
cumstances,  would  oxidize  slowly,  and  with- 
out the  disengagement  of  light 

Tlie  formation  of  an  alloy  must  be  regu- 
lated by  the  nature  of  the  particular  metals, 
to  whidi  therefore  we  refer. 

The  degree  of  aflinity  between  metals,  may 
be  in  some  measure  estimated  by  the  greater 
or  less  fadlity  with  which,  when  of  difl^erent 
degrees  of  fusibility  or  volatility,  they  unite, 
or  with  which  they  can  after  union  be  sepa- 
rated by  heat  llie  greater  or  less  tendency 
to  separate  into  different  proportional  alloys, 
by  long  continued  fusion,  may  also  give  some 
information  on  this  subject  Mr  Hatcbett 
remarked,  in  his  admirable  researches  on  me- 
tallic alloys,  that  gold  made  standard  with 
the  usual  precautions  by  silver,  copper,  lead, 
antimony,  &c.  and  then  cast  into  vertical  bars, 
was  by  no  means  an  uniform  compound ;  but 
that  the  top  of  the  bar,  corresponding  to  the 
metal  at  the  bottom  of  the  crudble,  contain- 
ed the  larger  proportion  of  gold.  Hence,  for 
thorough  combination,  two  red-hot  orudbles 
should  be  employed ;  and  the  liquefied  metals 
should  be  alternately  poured  from  the  one 
into  the  other.  And  to  prevent  unnecessary 
oxidizement  by  exposure  to  air,  the  crudbles 
should  contain,  besides  the  metal,  a  mixture 
of  common  salt  and  pounded  charcoaL  The 
melted  alloy  should  also  be  occasionally  stir- 
red up  with  a  rod  of  pottery. 

The  most  direct  evidence  of  a  chemical 
change  baring  taken  place  in  the  two  metals 
by  combination,  is  when  the  alloy  melts  at  a 
much  lower  temperature  than  the  fusing 
points  of  its  components.  Iron,  which  is 
nearly  infusible,  when  alloyed  with  gold,  ac- 
quires almost  the  fusibility  of  this  metal.  Tin 
and  lead  form  solder,  an  alloy  more  fusible 
than  either  of  its  components ;  but  the  triple 
compound  of  tin,  lead,  and  bismuth,  is  most 
remarkable  on  this  account  The  analogy  is 
here  strong,  with  the  increase  of  solubility 
which  salts  acquire  by  mixture,  as  is  exem- 
plified in  the  uncrystallizable  residue  of  saline 
solutions,  or  mother  waters,  as  they  are  call- 
ed. Sometimes  two  metals  will  not  directly 
unite,  which  yet,  by  the  intervention  of  a 
third,  are  made  to  combine.  This  happens 
with  mercury  and  iron,  as  has  been  shown 
by  Messrs  Aikin,  who  effected  this  difiScult 
amalgamation  by  preriously  uniting  the  inm 
to  tin  or  zinc. 

The  tenacity  of  alloys  is  generally,  though 
not  always,  inferior  to  the  mean  of  the  sepa- 
rate metals.     One  part  of  lead  will  destroy 
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the  Gompactncfls  and  tenacity  of  a  tfaounnd 
of  gold.  Bran  made  with  a  nnall  propor- 
tion of  zioc,  is  more  ductile  than  copper  it- 
self; but  when  one^third  of  sine  enten  into 
its  composition,  it  becomes  brittle. 

In  common  cases^  the  specific  gravity  af- 
fords a  good  criterion  whereby  to  judge  of 
tibe  proportion  in  an  alloy,  conasting  of  two 
metak  of  different  densities.  But  a  very  fal- 
lacious rule  has  been  given  in  some  respec- 
table works,  for  comparing  the  specific  gravi- 
ty that  should  result  from  given  quantities 
of  two  metals  of  known  densities  allojred  to- 
gether, supposing  no  chemical  poietration  or 
expansion  of  volume  to  take  place.  Thus  it 
baa  been  taught,  that  if  gold  and  copper  be 
united  in  equal  weights,  the  computed  or  ma- 
thematical specific  gravity  of  the  alloy  b  the 
arithmetical  mean  of  the  two  specific  gravi- 
ties. This  error  was  pointed  out  by  me  in  a 
paper  publistied  in  the  7th  number  of  the 
Journal  of  Science  and  the  Arts;  and  the 
correct  rule  was  at  the  same  time  given.  The 
details  belong  to  the  article  Specific  Gravity ; 
but  the  rule  merits  a  place  here.  The  spe- 
cific gravity  of  the  alloy  is  found  by  dividing 
the  sum  of  the  weights  by  the  sum  of  the 
volumes,  compared  to  water,  reckoned  unity. 
Or,  in  another  form,  the  rule  may  be  stated 
thus  :•— Multiply  the  sum  of  the  weights  into 
the  product  of  the  two  specific  gravities  for 
a  numerator,  and  multiply  each  specific  gra- 
vity into  the  weight  of  the  other  body,  and 
add  the  two  products  together  for  a  denomi- 
nator. The  quotient  detained  by  dividing 
the  numerator  by  the  denominator,  is  the  true 
compuied  mean  specific  gravity;  and  that 
found  by  experiment,  being  compared  with  it, 
will  show  whether  expansion  or  condensation 
of  volume  has  attended  the  chemical  combi- 
nation. Gold  having  a  specific  gravity  of 
19.36,  and  copper  of  8.87,  being  alloyed  in 
equal  weights,  give  on  the  ftdladous  rule 
of  the  arithmetical  mean  of  the  densities, 

— I—X-J —  =  14i.ll ;  whereas  the  rightly 

calculated  mean  specific  gravity  is  only  12. 16. 
It  is  evident,  that  by  comparing  the  former 
number  with  chemical  experiment,  we  should 
be  led  to  infer  a  prodigious  condensation  of 
volume  beyond  what  really  occurs. 

A  circumstance  was  observed  by  Mr  Hat- 
chett  to  influence  the  density  of  metals,  which 
a  priori  might  be  thought  unimportant 
When  a  bar  of  gold  was  cast  in  a  vertical 
position,  the  density  of  the  metal  at  the  lower 
end  of  the  bar  was  greater  than  that  of  the 
top,  in  the  proportion  of  17.364  to  17.035. 
Are  we  to  infer  that  melted  metal  is  a  com- 
presnble  fluid,  or  rather,  that  particles  pass- 
ing into  the  solid  state  under  pressure,  exert 
their  cohesive  attraction  with  adventitious 
strength?  Under  the  title  MeUd,  a  tabular 
view  of  metallic  combinations  will  be  found, 
and  under  that  of  the  particular  metal,  the 
requisite  information  about  its  alloys. 


ALLUVIAL  FORMATION8»in9BoJ 
logy*  arc  recent  deposits  in  valleys  or  in  pUdna, 
of  the  detriiut  of  the  neighbouring  mountains. 
Gravel,  loam,  clay,  sand,  brown  coal,  wood 
coal,  bog  iron  ore,  and  calc  tufil^  compose  the 
alluvial  depoaita.  Tlie  gravel  and  «md  some- 
times contain  gold  and  tin,  if  the  ores  exist 
in  the  adjoining  mountains.  Petrified  wood 
and  animal  skeletons  are  found  in  the  allu- 
vial clays  and  sand. 

ALMA N DINE.     Precious  garnet 
ALMONDS.     Sweet  aimondt  are  com-* 
posed,  by  M.  Boullay,  of 

Water,  ...  -  aSO 
FelUcle,  ....  5.00 
fine  oil,  ...  54.00 
Albumen,  ...  24.00 
Liquid  sugar,  ...  6.00 
Gum,  ....  aOO 
Fibrous  matter,  -         <-  4.00 

Loss  and  acetic  add,  -  0.50 


100.00 
Biiler  aimondt  consist,  according  to  M. 
Vogel,  of 

Envelope,         ...  8.5 

Fat  oil,        ....       2aO 
Caseous  matter,         -  -  30.0     • 

Sugar,        ....  6.5 

Gum,         -        -         -         -  aO 

Vegetable  fibre,        -        .  ,      .     &0 
Dense  volatile  oil, 
Fhissic  add,        ... 

100.0 
The  volatile  oil,  at  first  liquid,  becomes 
solid,  and  crystallizes  by  contact  vnth  air:  it 
communicates  to  water  the  taste  and  smell 
of  hydrocyanic  add,  without  giving  it  the 
property  o^  forming  prussian  blue  with  iron. 
Dogs  on  swallowing  some  of  it  instantly  died. 
It  is  colourless,  has  an  acrid  burning  taste, 
denser  than  water,  very  soluble  in  ether  and 
alcohol,  very  inflammable^  and  consists  in- 
deed of  two  quite  distinct  spedes  €f  oil, 
which  may  be  easily  separated  in  distillation 
by  apportioning  the  products.  Tlie  least 
volatile  is  not  poisonous,  and  experience  no 
alteration  in  azote,  hydrogen,  carbonic  add ; 
but  with  air  or  oxygen  it  speedily  takes  into 
a  crystalline  mass  by  oxidation.  In  this  new 
state  it  reddens  litmus,  and  continues  to  do 
so  whatever  purification  it  may  receive.  It 
is  fusible,  volatile^  soluble  in  boiling  water ; 
from  which  it  falls  down  in  crystals  by  cool- 
ing. It  combines  with  alkalis,  and  may  per- 
haps, from  its  several  properties,  be  regarded 
as  an  acid. 

Tlie  more  volatile  oil  does  not  solidify  on 
contact  with  air ;  it  is  so  poisonous,  that  a ' 
very  small  dose  of  it  kills  animals  in  a  few 
seconds.  Alkalis  have  no  action  on  it  at 
ordinary  temperature ;  but  when  heated  to- 
gether, an  alkaline  hydrocyanate  b  produced, 
a  crystaUixable  matter   different  from   the- 
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thosfe,  and  ftbo  an  aod,  md  a  raaiiioui 
matter* 

ALOE&  This  is  a  bitter  juice^  extracted 
from  the  leaves  of  a  plant  of  the  same  name. 
Three  sorts  of  aloes  are  distinguished  in  the 
shops  by  the  names  of  aloe  soccotrina,  aloe 
bepatica,  and  aloe  caballina.  It  is  certain, 
however,  that  the  different  kinds  are  all  pre- 
pared at  Monriedro  in  Spain,  from  the  same 
leaves  of  the  common  aloe.  Deep  incisions 
are  made  in  the  leaves,  from  which  the  juice 
is  suffered  to  flow ;  and  this,  after  decanta- 
tion  from  its  sediment,  and  inspissation  in 
the  sun,  b  exposed  to  sale  in  leathern  bags 
by  the  name  of  soccotrine  aloes.  An  addi- 
tional quantity  of  juice  is  obtained  by  pres- 
sure from  the  leaves ;  and  this,  when  decant- 
ed from  its  sediment  and  dried,  is  the  hepatic 
aloes.  And  lastly,  a  portion  of  juice  is  ob- 
tained by  strong  pressure  of  the  leaves,  and 
k  mixed  with  the  dregs  of  the  two  preceding 
kinds  to  form  the  caballine  aloes.  The  first 
kind  is  said  to  contain  much  less  resin.  The 
principal  characters  of  good  aloes  are  these:  «— 
it  nnist  be  glossy,  not  very  black,  but  brown ; 
when  rubbed  or  cut,  of  a  yellow  colour; 
compact,  but  easy  to  break ;  easily  soluble ; 
of  an  unpleasant  peculiar  smell,  which  can- 
not be  described,  and  an  extremely  bitter 


Aloes  appears  to  be  an  intimate  combi- 
nation of  gummy  resinous  matter,  so  well 
blended  together,  that  watery  or  spirituous 
solvents,  separately  applied,  dissolve  the 
greater  part  of  both.  It  is  not  determined 
whether  there  be  any  difference  in  the  medical 
properties  of  these  solutions.  Both  are  pur- 
gative, as  is  likewise  the  aloes  in  substance ; 
and,  if  used  too  freely,  are  apt  to  prove  heat- 
ing, and  produce  hemorrhoidal  complaints. 

Braoconot  imagines  he  has  detected  in 
aloes  a  peculiar  principle,  similar  to  the  bit" 
ter  resinous  which  Vauqoelin  has  found  in 
many  febrifuge  barks.  The  recent  juice  of 
the  leaves  absorbs  oxygen,  and  becomes  a  fine 
reddishp-purple  pigment  . 

According  to  M,  Liebeg,  the  bitter  of  aloes 
is  plentifully  obtained  by  the  action  of  nitric 
add  of  sp.  gr.  1.25.  This  is  the  aloetic 
add  of  M.  Braconnot  With  potash  it  forms 
a  purple  salt,  which  is  but  slightly  soluble, 
which  predpitates  the  salts  of  baryta,  lead, 
and  peroxide  of  iron,  in  flocks  of  a  deep 
purple  colour ;  the  protonitrate  of  mercury 
is  predpitated  of  a  light  red. 

This  substance,  when  purified,  is  the  same 
with  carbazotic  acid,  which  see.  The  bitter 
of  aloes  is  a  compound  of  a  peculiar  sub- 
stance, possessing  the  properties  of  the  resins, 
and  carbaxodc  add. 

Wool,  morphia,  narcotin^  and  myrrh, 
yielded  no  carbasotic  add,  when  treated  with 
nitric  add. 

ALTHEINE.  The  name  of  a  supposed 
new  vegetable  prindple,  extracted  from  the 


roots  of  atihea  offlcinaHs;  but  it  has  been 
shown  to  be  identical  with  asparagiiu 

ALUDEL.  The  process  of  sublimation 
di£fers  from  distillation  in  the  nature  of  ita 
product,  which,  instead  of  becoming  con- 
densed in  a  fluid,  assumes  the  solid  state, 
and  Ihe  form  of  the  recdvers  may  of  course 
be  very  different  The  recdvers  for  subli- 
mates are  of  the  nature  of  chimnies,  in  which 
the  elastic  products  are  condensed,  and  adhere 
to  their  internal  surface.  It  is  evident  that 
the  head  of  an  alembic  will  serve  very  wdl 
to  recdve  and  condense  such  sublimates  as 
are  not  very  volatile.  The  earlier  chemists 
thought  proper  to  use  a  number  of  similar 
heads,  one  above  the  other,  communicating 
in  succession  by  means  of  a  perforation  in 
the  superior  part  of  each,  which  recdved  the 
neck  of  the  capital  immediately  above  it 
These  head%  differing  in  no  respect  from  the 
usual  heads  of  alembics,  excepting  in  tbdr 
having  no  nose  or  beak,  and  in  the  other  dr- 
cumstances  here  mentioned,  were  called  alu- 
dels.  They  are  seldom  now  to  be  seen  in 
chemical  laboratories,  because  the  operations 
of  this  art  may  be  performed  with  greater 
simplidty  of  instruments,  provided  attention 
be  pud  to  the  heat  and  other  circumstances. 
ALUM.  See  Alumina  (Sulphate  of.)- 
ALUM-EARTH.  A  massive  mineral, 
of  a  blackish-brown  colour,  a  dull  lustre,  an 
earthy  and  somewhat  slaty  fracture,  sectile, 
and  rather  soft.  By  Klaproth*s  analysis  it 
contains,  charcoal  19.65,  silica  40,  alumina 
16,  oxide  of  iron  6.4s  sulphur  2.84s  sulphates 
of  lime  and  potash  each  1.5,  sulphate  of  iron 
1.8,  magnesia  and  muriate  of  potash  0.5,  and 
water  10.75. 

ALUM-SLATE.  1.  Common.  This 
mineral  occurs  both  massive  and  in  insulated 
balls  of  a  greyish-black  colour,  dull  lustre, 
straight  slaty  fracture,  tubular  fragments, 
streak  coloured  like  itself.  Though  soft,  it- 
is  not  very  brittle.  Eflloresces,  acquiring  the 
taste  of  alum. 

2.  Glossy  Alum-slate.  A  massive  mineral 
of  a  bluish-black  colour.  The  rents  display 
a  variety  of  lively  purple  tints.  It  has  a 
semi-metallic  lustre  in  the  fracture,  which  is 
strsight,  slaty,  or  undulating.  There  is  a 
soft  variety  of  it,  approaching  in  appearance 
to  slate  clay.  By  exposure  to  air  its  thick- 
ness is  prodigiously  augmented  by  the  for- 
mation of  a  Miline  efflorescence,  which  sepa- 
rates its  thinnest  plates.  These  afterwards 
exfoliate  in  brittle  sections,  causing  entire 
disint^ration. 

ALUMINA.  One  of  the  primitive  earths, 
which,  as  constituting  the  plastic  prindple  of 
all  clays,  loams,  and  boles,  was  called  argil 
or  the  argillaceous  earth,  but  now,  as  bdng 
obtdned  in  greatest  purity  from  alum,  is 
styled  alumina.  It  was  deemed  elementary 
matter  till  Sir  H.  Davy's  celebrated  electro- 
chemical researches  led  to  the  belief  of  its 
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being,  like  baryta  and  lime,  a  mptalKc  ox-  the  same  illustrious  chemist,  a  strong  red  hdat 
ide.  only  being  applied  to  the  alumina,  a  mass 

Tlie  purest  native  alumina  is  found  in  the  was  obtained,  which  took,  fire  spontaneously 
oriental  gems,  the  sapphire  and  ruby.  They  by  exposure  to  the  air,  and  which  eflerresced 
consist  o£  nothing  but  this  earth,  and  a  small  violently  in  water.  This  mass  was  probably 
portion  of  colouring  matter.  The  native  an  alloy  of  aluminum  and  potassium.  Hie 
porcelain  clays  or  kaolins,  however  white  and  conversion  of  potassium  into  its  oxide^  dry 
soft,  can  never  be  regarded  as  pure  alumina,  potash,  by  alumina,  proves  the  presence  of 
They  usually  contain  fully  half  their  weight     oxygen  in  the  latter. 

of  silica,  and  frequently  other  earths.  To  M.  Woehler  has  discovered  a  method  of 
obtain  pure  alumina,  we  dissolve  alum  in  20  preparing  aluminum,  founded  on  the  inoxt* 
times  its  weight  of  water,  and  add  to  it  a  lit-  dability  of  this  metal  by  water ;  and  he 
tie  of  the  solution  of  oubooate  of  soda,  to  makes  chloride  of  aluminum,  for  the  pur- 
throw  down  any  iron  which  may  be  present  pose  of  procuring  the  metal  from  it,  by 
We  then  drop  the  supernatant  liquid  into  a  the  following  process.  Alumina  precipitated 
quantity  of  the  water  of  ammonia,  taking  care  by  excess  of  cart)onate  of  potash,  was  well 
not  to  add  so  much  of  the  aluminous  solution  washed  and  dried,  and  then  made  into  a 
as  will  saturate  the  ammonia.  The  volatile  thick  paste  with  powdered  charcoal,  sugar, 
alkali  unites  with  the  sulphuric  acid  of  the  and  oil :  this  paste  was  then  heated  in  a 
alum,  and  the  earthy  basis  of  the  latter  is  sepa-  covered  crucible  till  all  the  organic  mal|^ 
rated  in  a  white  spongy  precipitate,  lliis  was  destroyed.  By  these  means,  any  sub- 
must  be  thrown  on  a  filter,  washed,  or  eduU  stance  is  mixed  very  intimately  with  carbon, 
corated,  as  the  old  chemists  expressed  it,  by  The  product,  while  it  was  hot,  was  put  into 
repeated  affusions  of  water,  and  then  dried,  and  made  to  fill  a  porcelain  tube,  which  was 
Or  if  an  alum,  made  with  ammonia  instead  placed  in  a  furnace  of  an  oblong  form.  One 
of  potash,  as  is  the  case  with  some  French  end  of  the  tube  was  connected  with  another 
alums,  can  be  got,  simple  ignition  dissipates  tube,  containing  fused  chloride  of  calcium,' 
its  acid  and  alkaline  constituents,  leaving  pure  and  this  with  an  apparatus  for  the  disengage- 
alumina.  ment  of  chlorine :  tlie  other  end  of  the  tube 

Alumina  prepared  by  the  first  process  is  opened  into  a  small  tubulated  receiver,  pro- 
white,  pulverulent,  soft  to  the  touch,  adheres  vided  with  a  conducting  tube.  When  the 
to  the  tongue,  forms  a  smooth  paste  without  apparatus  was  full  of  chlorine^  the  tube  and 
grittiness  in  the  mouth,  insipid,  inodorous,  its  contents  were  made  red-hot.  The  chlo- 
produces  no  change  in  vegetable  colours,  in-  ride  of  aluminum  was  readily  formed ;  a 
soluble  in  water,  but  mixes  with  it  readily  in  small  portion  was  carried  over  with  oxide  of 
every  proportion,  and  retains  a  small  quantity  carbon,  which  fumed  strongly  on  coming 
with  considerable  force ;  is  infusible  in  the  into  contact  with  the  air.  l^e  chlorine  was 
strongest  heat  of  a  furnace,  experiencing  long  retained  by  the  mass  of  matter.  The 
merely  a  condensation  of  volume  and  cons^  receiver  contained  chloride  of  aluminum  in 
quent  hardness,  but  is  in  small  quantities  the  state  of  powder.  After  an  hour  and  a 
melted  by  the  oxyhydrogen  blowpipe.  Its  half,  the  diloride  obstructed  the  end  of  the 
specific  gravity  is  2.000,  in  the  state  of  pow-  tube  (although  an  inch  in  diameter)  which 
der,  but  by  ignition  it  is  augmented.  passed  into  the  receiver ;   this  caused  the 

Every  analogy  leads  to  the  belief  that  alu-  stoppage  of  the  process, 
mina  contains  a  peculiar  metal,  which  may  be         On  taking  the  apparatus  to  pieces  it  was 

called  aluminum.     The  first  evidences  ob-  found,  that  all  that  part  of  the  tube  which 

tained  of  this  position  are  presented  in  Sir  H.  passed  through  the  furnace  was  filled  with 

Davy's  researches.     Iron  negatively  electri-  chloride  of  aluminum,  and  it  weighed  more 

fied  by  a  very  high  power,  being  fused  in  con-  than  an  ounce.     It  consisted  partly  of  an 

tact  with  pure  alumina,  formed  a  globule  aggregation  of  long  crystals,  and  partly  of  a 

whiter  than   pure   iron,    which  effervesced  firm  mass,  of  a  pale  yellowish-green  colour, 

slowly  in  water,  becoming  covered  with  a  semitranspareut,  and  of  a  lamellated  and  dis- 

white  powder.    The  solution  of  this  in  muri-  tinctly  crystalline  texture.     When  brought 

atic  acid,  decomposed  by  an  alkali,  afforded  into  contact  with  the  air,  it  fumed  feebly, 

alumina  and  oxide  of  iron.    By  passing  pot-  gave  a  smell  of  muriatic  acid,  and  soon  be-  - 

assium  in  vapour  through  alumina  heated  to  came  a  transparent  fluid.      When  thrown 

whiteness,  the  greatest  part  of  the  potassium  into  water,  it  dissolved  with  strong  hissing, ' 

became  converted  into  potash,  which  formed  accompanied  with  so  much  heat,  tliat  the 

a  coherent  mass  with  that  part  of  the  alumina  fluid,  when  its  quantity  is  small,  boils  rapid- 

not  decompounded ;  and  in  this  mass  there  ly.     Its  fusing  and  vaporizing  points  appear  • 

were  numerous  grey  particles,  having  the  me-  to  be  the  same. 

tallic  lustre,  and  which  became  white  when         Chloride  of  aluminum  may  be  preserved 

heated  in  the  air,  and  which  slowly  effervesced  without  any  alteration   in  naphtha :   when 

in  water.     In  a  similar  experiment  made  by  healed  with  this  oil,  it  liquefies,  and  dnks  to 
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the  bottom  of  the  vetsel  in  the  fonn  of  a  at  iu  boiling  point,  tlie  metal  is  slowly  oxi- 

reddiab-brown  liquid,  upon  which  potassium  dized,  and  hydrogen  is  liberated. 

exerts  no  action.  Sulphuric  and  nitric  acids,  when  cold,  do 

When  an  attempt  is  made  to  heat  chloride  not  act  upon  aluminum  :  when  heated,  con-* 

of  aluminum  with  potassium  in  a  tube^  the  centrated  sulphuric  acid  readily  dissohes  it, 

action  is  so  strongs  and  the  extrication  of  heat  and  without  the  disengagement  of  sulphu- 

is  so  considerable,  that  the  apparatus  is  in-  rous  acid.    The  sulphuric  solution  did  not  by 

slantly  broken.    M.  Woehler,  Uierefore,  em-  evaporation  give  the  smallest  crystal  of  alum. 
ployed  a  small  platina  crucible,  the  cover  of         Aluminum  dissolves  in  even  a  weak  solu- 

which  was  kept  on  by  a  wire  of  the  same  tion  of  caustic  potash,  with  the  evolution  of 

metal.     At  the  moment  of  reduction,  the  hydrogen,  and  the  same  solution  takes  place 

crucible  became  intensely  red-hot,  both  with-  in  ammonia. 

in  and  without,  although  it  was  but  slightly  When  aluminum  is  heated  to  dull  redness 
heated :  the  metal  of  the  crucible  was  not  and  exposed  to  a  current  of  chlorine,  it  in- 
sensibly acted  on.  Some  small  pieces  of  flames,  and  is  converted  into  chloride^  which 
potassium  of  about  the  size  of  a  pea,  and  not  sublimes  as  fast  as  it  is  formed. 
more  than  ten  at  once^  are  placed  in  the  cru-  Sutphuret  of  aluminum  is  formed  by  let- 
dble;,  and  upon  them  are  put  an  equal  num*  ting  sulphur  drop  upon  aluminum  in  a  state 
ber  of  pieces  of  chloride  of  aluminum  of  the  of  vivid  ignition.  It  is  semi-metallic  in  ap- 
same  sise.  The  crucible  is  to'  be  heated  with  pearance,  and,  when  polished,  is  of  a  shining 
the  spirit-lamp,  at  first  gently,  and  afterwards  iron-black  colour.  M.  Woehler  formed  also 
more  strongly,  and  until  the  spontaneous  in-  the  pbosphuret,  seleniuret,  arseniuret,  and 
candescence  of  the  matter  ceases.  Excess  teWuretot aiuminum, -^Hentman*t  Repertoire 
of  potassium  is  to  be  avoided ;  for,  after  it  de  Chimie,  Jan,  1828. 
was  oxidised,  it  would  dissolve  a  portion  of  When  regarded  as  an  oxide,  Sir  H.  Davy 
the  aluminum.  The  reduced  mass  is  gene-  estimates  its  oxygen  and  basis  to  be  to  one 
rally  completely  fused,  and  is  of  a  blackish-  another  as  15  to  33,  or  as  10  to  22.  The 
grey  colour.  Wlien  all  is  cold,  the  crucible  prime  equivalent  of  alumina  would  thus  ap- 
is to  be  thrown  into  a  large  vessel  of  water :  a  pear  to  be  1.0  -f-  2.2  ^  3.2. 
grey  powder  is  soon  deposited,  which,  when  But  Berzelius*s  analysis  of  sulphate  of  alu- 
looked  at  in  the  sunshine,  appears  to  be  mina  seems  to  indicate  2. 136  as  the  quantity 
entirely  composed  of  small  metallic  plates,  of  the  earth  which  combines  with  5  of  the 
The  powder  is  to  be  washed  with  cold  water,  acid.  Hence  aluminum  will  come  to  be  re- 
tad  then  dried.     It  is  the  metal  of  alumina,  presented  by  2.136  —  1,  s:  1.136.     Wo 

Aluminum  somewhat  resembles  platinum  shall  presently  show  that  his  analysis,  both 

in  powder.     Some  small  scaly  coherent  par*  of  alum  and  sulphate  of  alumina,  may  be 

tides  were  discerned,  which  had  the  colour  reconciled  nearly  to  Sir  H.  Davy's  equivalent 

and  splendour  of  tin.     Under  the  burnisher  prime  =:  3.2.     That  of  aluminum  will  be* 

it  readily  assumes  the  appearance  of  this  come  of  course  2.2. 

metal.    Rubbed  in  an  agate  mortar,  it  seems         Alumina  which  has  lost  its  plastirity  by 

to  be  a  little  compressible^  and  unites  into  ignition,  recovers  it  by  being  dissolved  in  an 

kuger  scales,  .with  a  metallic  lustre ;  and  it  acid  or  alkaline  menstruum,  and  then  preci- 

leaves  in  the  mortar  traces  of  a  metallic  ap-  pitated.     In  this  state  it  is  called  a  hydrate, 

pearance.      When  heated  in  the  air  till  it  is  for  when  dried  in  a  steam-heat  it  retains 

ignited,  it  inflames,   and  bums  with  great  much  water ;  and  therefore  resembles  in  oom- 

rapidity.      The  product  is  the  white  oxide  position  wavdlite,-^  beautiful  mineral,  con- 

of  aluminum  in  a  hard  mass.     Reduced  to  sisting  almost  entirely  of  alumina,  with  about 

powder,  and  blown  upon  in  the  flame  of  a  28  per  cent  of  water.     Alumina  is  widely 

candle,  each  particle  suddenly  becomes  an  diffused  in  nature.     It  is  a  constituent  of 

inflamed  point,  the  splendour  of  which  is  every  soil,  and  of  almost  every  rock.     It  is 

not  less  than  that  of  the  spcurks  of  iron  the  basis  of  porcelain,  pottery,  bricks,  and 

burning  in  oxygen  gas.     In  pure  oxygen  crudbles.    Its  affinity  for  vegetable  colouring 

gas,   duminum  bums   with   so  dazzling  a  matter  is  made  use  of  in  the  preparation  of 

li^t,  that  the  eyes  can  scarcdy  bear  it ;  the  lakes,  and  in  the  arts  of  dyeing  and  cdico- 

beat  generated  is  so  considerable,  that  the  printing.     Native  combinations  of  dumina 

oxide  produced  is  partly  fused.     The  par-  constitute  the  fuller's  earth,  ochres,  bolea^ 

ijcles  which  have  been  fused  are  yellowish,  pipe  clays,  &c 

and  as  harvi  as  corundum;   they  do  not         ALUMINA  (SALTS  OF).    These  salta 

merdy  scratch,  but  they  cut  glass.    In  order  have  the  following  generd  charactera  :— 
that  duminum  may  bum  in  oxygen  gas,  it         I.    Most  of  them   are  very  soluble  in 

must  be  heated  to  redness.  water,  and  thdr  solutions  have  a  sweetish 

Aluminum  is  not  oxidized  by  water,  and  acerb  taste, 
this  fluid  may  spontaneously  evaporate  from         2.  Ammonia  throws  down  their  earthy 

the  metal,  without  its  being  in  the  least  tar-  base,  even  though  they  have  been  preriously 

ilishcd.    When,  however,  the  water  is  nearly  addulated  with  muriatic  add. 
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3.  At  a  strong  red  heat  tbey  give  out  a  lignoiu,  would  require  about  2^  Un.  of  alum 

portion  of  their  acid.  for  eiact  decomposition.     Tlie  excess  em- 

,   4.  Phosphate  of  ammonia  gives  a  white  ployed  is  found  to  be  useful, 
precipitate.  The  affinity  between  the  constituents  of 

5.  Hydriodate  of  potash  produces  a  floe-  tiiis  salt  is  very  feeble.  Hence  the  attractionr 
culent  precipitate  of  a  white  colour,  passing  of  cotton  fibre  for  alumina,  aided  by  a  mo* 
into  a  permanent  yellow.  derate  heat,  is  sufficient  to  decompose  it 

6.  They  are  not  affected  by  oxalate  of  am-  The  following  salts  of  alumina  are  insolu- 
monia,  tartaric  acid,  ferroprussiate  of  potash,  ble  in  water :— Arseniate^  borate,  phosphate, 
or  tincture  of  galls.  By  the  first  two  tests  tungstate,  mellatc^  saclactate,  Utfaate,  nsalate, 
they  are  distingmshable  from  yttria,  and  by  camphorate.  The  oxalate  is  uncrystallizable. 
the  last  two  from  that  earth  and  gludna.,  It  consists  of  56  acid  and  water,  and  44  alu- 

7.  If  bisulphate  of  potash  be  added  to  a  mina.  The  tartrate  does  not  crystallize, 
solution  of  an  aluminous  salt,  moderately  con-  Bnfc  the  tartrate  of  potash  and  alumina  is 
centrated,  octahedral  crystals  of  alum  will  remarkable,  according  to  Thenard,  for  jrield- 
form.  ing  no  precipitate^  cither  by  alkalis  or  alkaline 
.  AceiaU  of  Alumina,  By  digesting  ttrong  carbonates.  The  supeigallate  crysfalliaes. 
acetic  acid  on  newly  precipitated  alumina,  this  There  seems  to  be  no  dry  carbonate.  A 
saline  combination  can  be  directly  formed,  supernitrate  exists  very  difficult  to  crystsUiie. 
Vin^ar  of  ordinary  strength  scarcely  acts  on  Its  specific  gravity  is  1.645.  A  moderate 
the  earth.  But  the  salt  is  seldom  made  in  heat  drives  off  the  acid.  Tlie  muriate  is 
this  way.  It  is  prepared  in  large  quantities  easily  made  by  digesting  muriatic  add  on 
for  the  calico  printers,  by  decomposing  alum  gelatinous  alumina.  It  is  colourless,  astrin- 
with  acetate  of  lead ;  or  more  economically  gent,  deliquescent,  uncrystallizable,  reddena 
with  aqueous  acetate  of  lime,  having  a  specific  turnsole,  and  forms  a  gelatinous  mass  by 
gravity  of  about  1.050 ;  a  gallon  of  which,  evaporation.  Alcohol  dissolves  at  60^  half 
equivalent  to  nearly  half  a  pound  avdrdu-  its  weight  of  this  salt.  A  dull  red  heat  se- 
pois  of  dry  aoetic  add,  is  employed  for  every  parates  th^  acid  from  the  alumina.  Its  com- 
2|  lb.  of  alum.  A  sulphate  of  lime  is  formed  position  is,  according  to  Bucholz,  29.8  acid, 
by  complex  affinity,  which  precipitates,  and  30.0  base,  40.2  water,  in  100  parts. 

an  acetate  of  alumina  floats  above.      The         Sulphate  of  tUumina  exists  under  several 

above  proportion  of  alum  is  much  beyond  the  modifications.     The  simple  sulphate  is  easily 

equivalent  quantity ;  and  the  spedfic  gravity  made,  by  digesting  sulphuric  add  on  pure 

of  the  liquid  is  consequently  raised  by  the  clay.     The  salt  thus  formed  crystallizes  in 

ezcess  of  salt     It  is  usually   1.080.     By  thin  soft  plates,  having  a  pearly  lustre.     It 

careful  evaporation    capillary    crystals    are  has  an  astringent  taste^  and  is  so  soluble  in 

formed,  which  readily  deliquesce.     M.  Gay  water  as  to  crystallize  with  difficulty.     When 

Lussac  made  some  curious  observations  on  moderately  heated  tlie  water  escapes,  and,  at 

the  solutions  of  this  salt.     Even  when  made  a  higher  temperature,  the  acid.     Berzelius 

with  cold  saturated  solutions  of  alum  and  has  chosen  this  salt  for  the  purpose  of  deter- 

acetate  of  lead,  and  consequently  but  little  mining  the  equivalent  of  alumina.     He  con- 

concentrated,  it  becomes  turbid  when  heated  siders  the  dry  sulpliate  as  a  compound  of  100 

to  1229  Fahr. ;  and  at  a  boiling  heat  a  pred-  parts  of  sulphuric  add  with  42.722  earth, 

pitate  falls  of  about  one-half  of  the  whole  salt.  This  makes  the  equivalent  21.361,  oxygen 

On  cooling  it  redissolved.     This  decomposi-  being  reckoned  10,  if  we  consider  it  a  com* 

tion  by  heat,  which  would  be  prejudicial  to  pound  of  a  prime  proportion  of  each.     But 

Ifae  calico  printer,  is  prevented  by  the  excess  if  we  regard  it  as  consisting  of  3  of  acid 

of  alum  which  b  properly  used  in  actual  and  2  of  base,  we  shall  have  32.0  for  the 

practice.     M.  Gay  Lussac  thinks  this  phe-  prime  equivalent  of  alumina.    Tlie  reason  for 

nomenon  has  considerable  analogy  with  the  asrigning  this  number  will  appear  in  treating 

coagulation  of  albumen  by  heat ;  the  particles  of  the  next  salt 

of  the  water  and  of  the  solid  matter,  being  ALUM.  This  important  salt  has  been 
carried  by  the  heat  out  of  their  sphere  of  ac-  the  object  of  innumerable  researches  both  with 
tivity,  separate.  It  b  probably  a  subacetate  regard  to  its  fabrication  and  composition, 
which  falls  down,  as  wdl  as  that  which  b  ob-  It  is  produced,  but  in  a  very  small  quantity, 
tfuned  by  drying  the  crystals.  Wenzel's  in  the  native  state,  and  thb  b  mixed  with  he- 
analysis  of  acetate  of  alumina  gives  73.81  terogeneous  matters.  It  effloresces  in  various 
add  to  26.19  base,  in  100  parts.  If  we  sup-  forms  upon  ores  during  caldnation,  but  it 
pose  it  to  consist,  like  the  sulphate,  of  three  seldom  occurs  crystallized.  The  greater  part 
primes  of  acid  to  two  of  alumina,  we  shall  of  this  salt  is  factitious,  being  extracted  from 
have  for  its  equivalent  proportions,  20  of  dry  various  minerals  called  alum  ores ;  such  as, 
add  -f-  6.4  earth,  or  75.8  -f-  24.2  ss  100.  1.  Sulphuretted  clay.  This  constitutes  the 
As  alum  contains,  in  round  numbers,  about  purest  of  all  aluminous  ores,  namely,  that  of 
lw9th  of  earthy  base,  8  oz.  of  real  acetic  acid  la  Tolfa,  near  Civita  Vecchia  in  Italy.  It  is 
present  in  the  gallon  of  the  redistilled  pyro-  white,  compact,  and  as  hard  as  indurated  day, 
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viicnce  it  is  caHed  petra  tdmmatam-  It  is 
tasteless  and  mealy.  One  hundred  parts  of 
tills  ore  contain  above  forty  of  sulphur  and 
fiflj  of  ciayy  a  small  quantity  of  potash,  and 
«  little  iron.  Bergman  says  it  contains 
^9ffty-tfaree  of  sulphur  in  one  hundred,  thirty- 
five  of  clay,  and  twenty-two  of  siliceous 
earth.  Iliis  ore  is  first  torrefied  to  acidify 
the  sulphur,  which  then  acts  on  the  clay,  and 
forms  the  alum. 

2.  The  pyritaceousclay,  which  is  found  at 
Schwcmsal,  in  Saxony,  at  the  depth  of  ten  or 
twelve  feet.  It  is  a  black  and  hard,  but 
brittle  substance,  consisting  of  clay,  pyrites, 
and  bitumen.  It  is  exposed  to  the  air  for 
two  years;  by  which  means  the  pyrites  is 
decomposed,  and  the  alum  is  formed.  The 
alum  ores  of  Hesse  and  Liege  are  of  this 
kind ;  but  they  are  first  torrefied,  which  is 
said  to  be  a  disadvantageous  method. 

3.  The  schistus  aluminaris  contains  a  va- 
riable proportion  of  petroleum  and  pyrites 
intimately  mixed  with  it  When  the  Last  are 
in  a  very  large  quantity,  this  ore  is  rejected 
as  containing  too  much  iron.  Professor  Berg- 
man very  properly  suggested,  that  by  adding 
a  proportion  of  clay,  this  ore  may  turn  out 
advantageously  for  producing  alum.  But 
if  the  petrol  be  considerable,  it  must  be  tor- 
refied. The  mines  of  Becket  in  Normandy, 
and  those  of  Whitby  in  Yorkshire^  are  of  this 
species. 

4w  Volcanic  aluminous  ore.  Such  is  that 
oi  Solfaterra  near  Naples.  It  is  in  the  form 
of  a  white  saline  earth,  after  it  has  effloresced 
in  the  air ;  or  else  it  is  in  a  stony  form. 
'  5.  Bituminous  alum  ore  is  called  shale, 
and  is  in  the  form  of  a  schistus,  impr^nated 
with  so  much  oily  matter,  or  bitumen,  as  to 
be  infiammable.  It  is  found  in  Sweden,  and 
also  in  the  coal  mines  at  Whitehaven,  and 
cisewhere. 

Cbaptal  fiibricated  alum  on  a  large  scale 
from  its  component  parts.  Hie  purest  and 
whitest  day  being  made  into  a  paste  with 
water,  and  formed  into  balls  half  a  foot  in 
diameter,  these  are  c^cined  in  a  furnace, 
broken  to  pieces,  and  a  stratum  of  the  frag- 
ments laid  on  the  floor.  A  due  proportion 
of  sulphur  is  tbeix  ignited  in  a  chamber,  in 
the  same  manner  as  for  the  fabrication  of  sul- 
phuric add;  and  the  fragments  of  burnt 
day,  imbibing  thb  as  it  forms,  begin  after  a 
f<^  days  to  crack  and  open,  and  exhibit  an 
e^oresoence  of  sulphate  of  alumina.  When 
the  earth  has  completely  effloresced,  it  is  taken 
out  of  the  chamber,  exposed  for  some  time 
in  an  open  shed,  that  it  may  be  the  more  in- 
timately penetrated  by  the  arid,  and  is  then 
lixiviated  and  crysuUized  in  the  usual  man- 


Hie  most  extensive  alum  manufactory  in 
Great  Britain  is  at  Hurlett,  near  Paisley,  on 
the  estate  of  the  Earl  of  Gla^ow.  The  next 
in  magnitude  is  at  Whitby:  of  whose  state 


and  prooeaaes  an  instructive  account  was  pub- 
lished by  Mr  Winter  in  the  85th  volume  of 
Nicholson's  Journal.  The  stiatuui  of  alu- 
minous schistus  is  about  29  miles  in  widtl^ 
and  it  is  covered  by  strata  of  alluvial  soil, 
sandstone,  ironstone,  shell,  and  clay.  The 
alum  schist  is  generally  found  disposed  in 
horixontal  laminie.  The  upper  part  of  the 
rock  is  the  most  abundant  in  sulphur;  so 
that  a  cubic  yard  taken  from  the  top  of  the 
stratum  is  five  times  more  valuable  than  the 
same  bulk  100  feet  below. 

If  a  quantity  of  the  schistus  be  laid  in  a 
heap,  and  moistened  with  sea-water,  it  will 
take  fire  spontaneously,  and  will  continue  to 
bum  till  the  whole  inflammable  matter  be 
consumed.  Its  colour  is  bluish-grey.  Its 
sp.  grav.  is  2.48.  It  imparts  a  bituminous 
prindple  to  alcohol.  Fused  with  an  alkaU, 
muriatic  add  predpitates  a  large  proportion 
of  silex. 

The  expense  of  digging  and  remoring  to  a 
distance  of  200  yards  one  cubic  yard  of  the 
schistose  rock,  is  about  sixpence-halfpenny. 
A  man  can  earn  from  2t.  6d.  to  3s.  a^^ay. 
The  rock,  broken  into  small  pieces,  is  laid  on 
a  horixcmtal  bed  of  fuel,  composed  of  brnsh- 
vrood,  &c  When  about  4  feet  in  height  of 
the  rock  is  piled  on,  fire  is  set  to  the  bottom, 
and  fresh  rock  continually  poured  upon  the 
pile.  This  is  continued  until  the  caldned 
heap  be  raised  to  the  bright  of  90  or  100  feet. 
Its  horisontal  area  has  also  been  progressivdy 
extended  at  the  same  time,  till  it  forms  a 
great  bed  nearly  200  feet  square,  baring  about 
10(^000  yards  of  solid  measurement  The 
rapidity  of  the  combustion  is  allayed  by  plas- 
tering up  the  crevices  with  small  schist  moist- 
ened. Notwithstanding  of  this  precaution,  a 
great  deal  of  sulphuric  or  sulphurous  add  is 
dissipated.  1 30  tons  of  caldned  schist  pro- 
duce on  an  average  one  ton  of  alum.  This 
result  has  been  deduced  from  an  average  of 
150,000  tons. 

The  caldned  mineral  is  digested  in  water 
contained  in  pits  that  usually  contain  about 
60  cubic  yards.  The  h'quid  is  drawn  off  into 
dstems,  and  afterwards  pumped  up  again 
upon  fiesh  caldned  mine.  This  is  repeated 
until  the  specific  grarity  becomes  1.15.  Hie 
half-exhausted  schist  is  then  covered  with  wa- 
ter to  take  up  the  whole  soluble  matter.  The 
strong  liquor  is  drawn  ofi*  into  settling  ds- 
tems, where  the  sulphate  of  lime^  iron,  and 
earth,  are  deposited.  At  some  works  the  li- 
quid is  boiled,  which  dds  its  purification.  It 
is  then  run  into  leaden  pans  ten  feet  long, 
four  feet  nine  inches  wide,  two  feet  two  inches 
deep  at  the  one  end,  and  two  feet  dght  inches 
at  tlie  other,  litis  slope  makes  them  be  easily 
emptied.  Here  the  liquor  is  concentrated  at 
a  boiling  heat  Every  morning  the  pans  are 
emptied  into  a  settling  dstem,  and  a  solution 
of  muriate  of  potash,  dther  pretty  pure  from 
the  manufacturer,  or  crude  and  compound 
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ironi  tbe  soap-boiler,  u  added.  Hie  quantity 
of  muriate  necessary  is  determined  by  a  pre- 
▼ious  experiment  in  a  basin,  and  is  regulated 
for  the  workmen  by  the  hydrometer.  By  this 
addition,  the  pan  liquCM',  which  had  acquired 
a  specific  gravity  of  1.4  or  1.5,  is  reduced  to 
1.35.  AtW  being  allowed  to  settle  for  two 
hours,  it  is  run  off  into  the  coolers  to  be  crys- 
tallixed.  At  a  greater  sp.  gravity  than  1.35, 
the  Uquor,  instead  of  crystallizing,  would, 
when  it  cools,  present  us  with  a  solid  magma, 
resembling  grease.  Urine  is  occasionally 
added,  to  bring  it  dowii  to  the  proper  den- 
sity. 

After  standing  four  days  the  mother  waters 
are  drained  off,  to  be  pumped  into  tbe  pans 
on  the  succeeding  day.  The  crystals  of  alum 
are  washed  in  a  tub,  and  drained.  They  are 
then  put  into  a  lead  pan,  with  as  much  water 
as  will  make  a  saturated  solution  at  the  boil- 
ing point  Whenever  this  is  effected,  the  so- 
lution is  run  off  into  casks.  At  the  end  of  ten 
or  sixteen  days,  tbe  casks  are  unhooped  and 
taken  asunder.  TTie  alum  is  found  exteriorly 
in  a  solid  cake,  but  in  the  interior  cavity  in 
large  pyramidal  cr3rstal8,  consisting  of  octa- 
edrons,  inserted  successively  into  one  an- 
other. This  last  process  is  called  roching. 
Mr  Winter  says,  that  22  tons  of  muriate  of 
potash  will  produce  100  tons  of  alum,  to 
which  31  tons  of  the  black  ashes  of  the  soap- 
boiler, or  73  of  kelp,  are  equivalent.  Where 
much  iron  exists  in  the  alum  ore,  the  alkaline 
muriate^  by  its  decomposition,  gives  birth  to 
an  uncrystallizable  muriate  of  iron.  The 
alum  manufactured  in  the  preceding  mode  is 
a  sulphate  of  alumina  and  potash.  Hiere  is 
another  alum  which  exactly  resembles  it 
This  is  a  sulphate  of  alumina  and  ammonia. 
Both  crystallize  in  regular  octaedrons,  formed 
by  two  four-sided  pyramids  joined  base  to 
base.  Alum  has  an  astringent  sweetish  taste. 
Its  sp.  gravity  is  about  1.71.  It  reddens 
the  vegetable  blues.  It  is  soluble  in  16  parts 
of  water  at  60^,  and  in  |ths  of  its  weight  at 
212^.  It  effloresces  superficially  on  exposure 
to  air,  but  the  interior  remains  long  unchang- 
ed. Ita  water  of  crystallization  is  sufiicient 
at  a  gentle  heat  to  fuse  it  If  the  heat  be  in- 
creased it  froths  up,  and  loses  fully  45  per 
cent  of  its  weight  in  water.  The  spongy  re- 
sidue is  called  burnt  or  calcined  alum,  and  is 
used  by  surgeons  as  a  mild  escharodc.  A 
violent  heat  separates  a  great  portion  of  its 
add. 

Roman  alum  is  crystallized  in  cubes,  be- 
cause the  solution  from  which  the  final  cry». 
tals  are  obtained,  is  never  suffered  to  attain 
a  higher  temperature  than  104P  F.  When 
this  cubical  alum  is  dissolved,  and  its  solu- 
tion heated  to  temperatures  above  110^  F. 
a  precipitate  of  sulphate  of  alumina  is  pro- 
duced, and  the  solution  vrill  now  yidd  only 
octahedral  crystals.     Hence  may  be  deduced 


the  means  of  obtaining  either  cubical  or  octa- 
hedral alum  at  pleasure. 
Alum  was  thus  analyzed  by  Berzelius :— Ist, 
20  parts  (grammes)  of  pure  alum  lost  by  the 
heat  of  a  spirit  lamp  9  parts,  which  gives  4S 
per  cent  of  water.  The  dry  salt  was  dissolv- 
ed in  water,  and  its  acid  precipitated  by  tbe 
muriate  of  baryta;  the  sulphate  of  whicfay 
obtained  after  ignition,  weighed  20  parts ;  in- 
dicating  in  100  parts  34i.3  of  dry  sulphuric 
acid.  2d,  Ten  parts  of  alum  were  dissolved 
in  water,  and  digested  with  an  excess  of  am- 
monia. Alumina,  well  washed  and  burnt, 
equivalent  to  10.67  per  cent,  was  obtained. 
In  another  experiment  10.86  per  cent  result- 
ed. 3d,  Ten  parts  of  alum  dissolved  in  water 
were  digested  with  carbonate  of  strontia, 
till  the  c«rth  was  completely  separated.  The 
sulphate  of  potash,  after  ignition,  weighed 
1.815,  corresponding  to  0.981  potash,  or,  in 
100  parts,  to  9.81. 

Alum,  therefore,  consists  of 

Sulphuric  acid»    34.33 

Alumina»  ia86 

Potash,  9.81 

Water,  45.00 


100.00 
or,  Sulphate  of  alumina,    36.85 
Sulphate  of  potash,      1  a  1 5 
Water,  45.00 


100.00 
Thenard*s  analysis,  Ann.  de  Chimie,  vol. 
59.  or  Nicholson's  Journal,  vol.  18.coinddea 
perfectly  with  that  of  Berzelius  in  the  product 
of  sulphate  of  baryta.  From  400  parts  of 
alum,  he  obtained  490  of  the  ignited  barytic 
salt ;  but  the  alumina  was  in  greater  propor- 
tion, equal  to  12.54  per  cent,  and  the  sulphate 
of  potash  less,  or  15.7  in  100  parts. 

Vauquelin,  in  his  lastanalysiB,  found  48w56 
water ;  and  by  Thenard*s  statement  there  are 
indicated  34.23  dry  acid, 
7.14  potash, 
12.54  alumina, 
46.09  water. 


100.00 
If  we  rectify  Vauquelin's  erroneous  esti- 
mate of  the  sulphate  of  baryta,  his  analysis 
will  also  coincide  with  the  above.  Alum, 
therefore,  differs  from  the  simple  sulphate  of 
alumina  previously  described,  which  consisted 
of  3  prime  equivalento  of  add  and  2  of  earth, 
merdy  by  its  assumption  of  a  prime  of  sul- 
phate of  potash.  It  is  probable  that  all  the 
aluminous  salts  have  a  similar  constitution. 
It  is  to  be  observed,  however,  that  the  num- 
ber 34.36  resulting  from  the  theoretic  pro- 
portions, is,  according  to  Gilbert's  remarks 
on  the  essay  of  Berzelius,  the  just  representa- 
tion of  the  dry  add  in  100  of  sulphate  of 
baryta,  by  another  analysis,  which  makes  the 

prime  of  baryta  9.57. 
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'  Should  asDmoiiift  be  suspected  in  alum,  it 
may  be  detected,  and  its  quantity  estimated^ 
by  mixing  quicklime  with  the  saline  solu- 
don,  and  exposing  the  mixture  to  heat  in  a 
retort,  connected  with  a  Woolfe*s  apparatus. 
The  water  of  ammonia  being  afterwards  sa- 
turated with  an  acid,  and  evaporated  to  a  dry 
salt,  will  indicate  the  quantity  of  pure  am- 
monia in  the  alum.  A  variety  of  alum,  con- 
taining both  potash  and  ammonia,  may  also 
be  found.  This  will  occur  where  urine  has 
been  used,  as  well  as  muriate  of  potash,  in  its 
fabrication.  If  any  of  these  sulphates  of  alu- 
mina and  potash  be  acted  on,  in  a  watery 
solution,  by  a  gelatinous  alumina,  a  neutral 
triple  ssilt  is  formed,  which  precipitates  in  a 
nearly  insoluble  statet 

When  alum  in  powder  is  mixed  with  flour 
or  sugar,  and  calcined,  it  forms  the  pyropho- 
rus  of  Homberg. 

"Mr  Winter  first  mentioned,  that  another 
variety  of  alum  can  be  made  with  toda,  in- 
stead of  potash.  This  salt,  which  crystallizes 
in  octahedrons,  has  been  also  made  with  pure 
muriate  of  soda,  and  bisulphate  of  alumina, 
at  the  laboratory  of  Hurlett,  by  Mr  W.  Wil- 
son. It  is  extremely  difficult  to  form,  and 
effloresces  like  the  sulphate  of  soda. 

On  the  subject  of  soda-alum,  I  published 
a  short  paper  in  the  Journal  of  Science  for 
July  18)^.  llie  form  and  taste  of  this  salt 
are  exactly  the  same  as  those  of  common 
alum ;  but  it  is  less  hard,  being  easily  crushed 
between  the  fingers,  to  which  it  imparts  an 
appearance  of  moisture.  Its  specific  gravity 
fa  1.6.  100  parts  of  water  at  60^  F.  dissolve 
1 10  of  it ;  fisnning  a  solution,  whose  specific 
Ipravity  is  1.296.  In  this  respect,  potash-alum 
is  very  different ;  for  100  parte  of  water  di»- 
•olve  only  from  eight  to  nine  parts,  forming 
a  saturated  solution,  whose  sp.  gr.  is  no  more 
than  1.0465.  Ite  constituents  are  by  my  ana- 
lysis,— 

Sulphuric  acid,  34^00      4  primes,  33.96 
Alumina,  10.75      3      —      10.82 

Soda,  6.48       1      —        6.79 

Water,  49.00    25     —     4a43 


100.23  100.00 

Or  it  consists  of  three  primes  sulphate  of  alu- 
mina .^  one  sulphate  of  soda<  To  each  of 
the  former,  five  primes  of  water  may  be  as- 
signed, and  to  the  latter  ten,  as  in  Glauber's 
salt 

The  only  injurious  contamination  of  alum 
is  sulphate  of  iron.  It  is  detected  by  ferro- 
prussiate  of  potash.  To  get  rid  of  it  cheap- 
ly, M.  Thenard  recommended  dissolving  the 
alum  in  boiling  water,  and  agitating  the  so- 
lution with  rods  as  it  cools.  The  salt  is  thus 
reduced  to  a  fine  granular  powder,  M'hich 
being  washed  two  or  three  tiroes  with  cold 
water,  and  drained,  yields  a  perfectly  pure 
alum.  For  a  very  advantageous  mode  of 
concentrating  alum  liquors,  as  well  as  those 


of  other  salts,  on  the  great  scale,  see  Evav 

PORATION. 

Mr  Philips  describes,  in  the  4ih  volume  of 
the  Annals  of  Philosophy,  N.  S.  a  new  sul- 
phate of  alumina,  which  he  obtained  by  put- 
ting  moist  alumina  into  dilute  sulphuric  acidi 
and  adding  more  occasionally,  until  it  re- 
mained in  excess.  Being  now  filtered,  a  clear 
dense  solution  was  obtained,  which,  when 
dropped  into  water,  instantly  let  fall  a  preci- 
pitate, almost  as  abundant  as  that  from  mu- 
riate of  antimony.  It  also  began  to  precipi* 
tate  immediately,  even  of  itself,  though  no 
tendency  of  this  kind  was  observed  as  long 
as  the  excess  of  alumina  remained  mixed 
with  it.  The  deposition  went  on  for  several 
months ;  but  the  clear  part  was  always  pre- 
dpitable  by  water.  Another  property  of  this 
sulphate  of  alumina  is,  that,  if  heated  to  160^ 
or  170°  Fahr.  it  becomes  opaque  and  thick, 
but,  upon  cooling,  in  a  few  days  it  becomes 
clear  again.  Mr  Philips  considers  the  num- 
ber 27  as  representing  the  atom  of  alumfaui 
to  hydrogen  =  1 ;  and  the  above  salt  as  con- 
sisting of  two  atoms  sulphuric  add  ss  40  X 
2  =  80  -^  3  atoms  alumina  =  27  X  3  a 
81 ;  or,  on  the  oxygen  scale,  of  2  X  5  ^  10 
add  +  3.375  X  3  =»  10.125  alumina. 

Alum  is  used  in  large  quantities  in  many 
manufactories.  When  added  to  tallow,  it  ren- 
ders it  harder.  Printers*  cushions,  and  the 
blocks  used  in  the  calico  manufactory,  are 
rubbed  with  burnt  alum  to  remove  any 
greasiness,  which  might  prevent  the  ink  or 
colour  from  sticking.  Wood  sufficiently  soak-* 
ed  in  a  solution  of  alum,  does  not  easily  take 
fire ;  and  the  same  is  true  of  paper  impreg- 
nated with  it,  which  is  fitter  to  keep  gun- 
powder, as  it  also  excludes  moisture.  Paper 
impregnated  with  alum  is  useful  in  whitening 
silver,  and  silvering  brass  without  heat.  Alum 
mixed  in  milk  helps  the  separation  of  ite  but- 
ter. If  added  in  a  very  small  quantity  to 
turbid  water,  in  a  few  minutes  it  renders  it 
perfectly  limpid,  without  any  bad  taste  or 
quality ;  while  the  sulphuric  add  imparte  to 
it  a  very  sensible  addity,  and  docs  not  preci- 
pitate so  soon,  or  so  well,  the  opaque  earthy 
mixtures  that  render  it  turbid,  as  I  have  oflen 
tried.  It  is  used  in  making  pyrophorus,  in 
tanning,  and  many  other  manufactures,  par- 
ticularly in  the  art  of  dydng,  in  which  it  is 
of  the  greatest  and  most  important  use,  by 
cleansing  and  opening  the  pores  on  the  sur- 
face of  the  substance  to  be  dyed,  rendering  it 
fit  for  receiving  the  colouring  particles,  (by 
imparting  alumina  to  the  stuff),  and  in  this 
way  making  the  colour  fixed.  Crayons  gene- 
rally consist  of  the  earth  of  alum,  finely  pow- 
dered, and  tinged  for  the  purpose.  In  me- 
didne  it  is  employed  as  an  stringent. 

M.  Hollunder  states,  that  solution  of  alu- 
mina in  nitric  acid  is  readily  decomposed  by 
the   influence  of  the  atmosphere,  even  at 
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•irdinarj  teoiperataret,  ahbough  eleTation  of 
temperature  increases  the  effect.  It  is  most 
rapid  when  free  acid  is  present  The  floc- 
culent  substance  precipitated  is  supposed  to 
be  aluminum,  oxidized  to  a  higher  degree 
than  the  alumina  obtained  by  the  ordinary 
process ;  for,  at  the  same  time,  the  nitric  add 
undergoes  decomposition,  and  the  oxide  ob- 
tained is  much  more  insoluble  than  ordinary 
alumina. 

ALUMINITE.  A  mineral  of  a  snow- 
white  colour,  dull,  opaque,  and  having  a  fine 
earthy  fracture.  It  has  a  glistening  streak. 
It  is  found  in  kidney-sliaped  pieces,  which 
are  soft  to  the  touch,  and  adhere  slightly  to 
the  tongue.  Sp.  gravity  1.67. 
It  consists  of  sulphuric  acid,  19.25 

Alumina,  -  -  32.50 

Water,  -  -  47.00 

Silica,  lime,  and  oxide  of  iron,        1.25 


100.00 

The  above  alum  ore  is  found  chiefly  in  the 
alluvial  strata  round  Halle  in  Saxony. 

AMADOU.  It  is  a  variety  of  the  bolelut 
igniarivst  found  on  old  ash  and  other  trees. 
It  is  boiled  in  water  to  extract  its  soluble 
parts,  then  dried  and  beat  with  a  mallet  to 
loosen  its  texture.  It  has  now  the  appear- 
ance of  very  spongy  doe-skin  leather.  It  is 
lastly  impregnated  with  a  solution  of  nitre, 
and  dried,  when  it  is  called  spunk,  or  Ger- 
man tinder ;  a  substance  much  used  on  the 
Continent  for  lighting  fires,  either  from  the 
collision  of  flint  and  steel,  or  from  the  sud- 
den condensation  of  air  in  the  atmospheric 
pyrophore. 

AMALGAM.  This  name  is  applied  to 
the  combinations  of  mercury  with  other  me- 
tallic substances.  See  Mebcury,  and  Ores 
OF  Mebotry. 

AMBER  is  a  hard,  brittle,  tasteless  sub- 
stance, sometimes  perfectly  transparent,  but 
mostly  semitransparent  or  opaque,  and  of  a 
glossy  surface.  It  is  found  of  all  colours,  but 
chiefly  yellow  or  orange,  and  often  contains 
leaves  or  insects.  Its  specific  gravity  is  from 
1.065  to  1. 100 ;  its  fracture  is  even,  smooth, 
and  glossy ;  it  is  capable  of  a  fine  polish,  and 
becomes  electric  by  friction ;  when  nibbed  or 
heated,  it  gives  a  peculiar  agreeable  smell, 
particularly  when  it  melts,  tliat  is  at  550°  of 
Fahrenheit,  but  then  it  loses  its  transparen- 
cy :  projected  on  burning  coals,  it  burns  with 
a  whitish  flame,  and  a  whitish*yellow  smoke, 
but  gives  very  little  soot,  and  leaves  brownish 
ashes.  It  is  insoluble  in  water  and  alcohol, 
though  the  latter,  whoi  highly  rectified,  ex- 
tracts a  reddish  colour  from  it;  but  it  is  so- 
luble in  the  sulphuric  acid,  which  then  ac- 
quires a  reddish-purple  colour,  and  is  pred- 
pitable  from  it  by  water.  No  other  acid  dis. 
solves  it,  nor  is  it  soluble  in  essential  or  ex- 
pressed oils,  without  some  decomposition  and 
long  digestion ;  but  pure  alksli  dissolves  it 


By  distillation  it  affords  a  small  quantity  of 
water,  with  a  little  acetic  add,  an  oil,  and  a 
peculiar  add.  See  AoD  (SuoaNic).  The 
oil  rises  at  first  colourless ;  but,  as  the  heat 
increases,  becomes  brown,  thick,  and  empy- 
reumatic.  The  oil  may  be  rectified  by  suc- 
cessive distillations,  or  it  may  be  obtained 
very  light  and  limpid  at  once,  if  it  be  put 
into  a  glass  alembic  with  water,  as  the  elder 
Rouelle  directs,  and  distilled  at  a  heat  not 
greater  than  212^  Fahr.  It  requires  to  be 
kept  in  stone  bottles,  however,  to  retain  this 
state ;  for  in  glass  vessels  it  becomes  brown 
by  the  action  of  light 

Amber  is  met  with  plentifully  in  regular 
mines  in  some  parts  of  Prussia.  The  upper 
surface  is  composed  of  sand,  under  which  is 
a  stratum  of  loam,  and  under  this  a  bed  of 
wood,  partly  entire,  but  chiefly  mouldered  or 
changed  into  a  bituminous  substance.  Uiv- 
der  the  wood  is  a  stratum  of  sulphuric  or  ra- 
ther aluminous  mineral,  in  which  the  amber 
is  found.  Strong  sulphurous  exhalations  are 
often  percdved  in  the  pits. 

Detached  pieces  are  also  found  occasion- 
ally on  the  sea-coast  in  various  countries.  It 
has  been  found  in  gravel  beds  near  London* 
In  the  Royal  Cabinet  at  Berlin  there  is  a 
mass  of  18  lbs.  weight,  supposed  to  be  the 
largest  ever  found.  Juasieu  asserts,  that  the 
delicate  insects  in  amber,  which  prove  the 
tranquillity  of  its  formation,  are  not  £ur»> 
pean.  M.  Haiiy  has  pointed  out  the  follow., 
ing. distinctions  between  melUte  and  copal^ 
the  bodies  which  most  closely  resemble  am- 
ber. Mellite  is  infusible  by  heat  A  bit  of 
copal  heated  at  the  end  of  a  knife  takes  fire^ 
melting  into  drops,  which  flatten  as  they  fidl ; 
whereas  amber  bums  with  spitting  and  froth- 
ing ;  and  when  its  liquefied  particles  drop, 
tliey  rebound  from  the  plane  which  recdves 
them.  The  origin  of  amber  is  at  present  in- 
volved in  perfect  obscurity,  though  the  ra« 
pid  progress  of  v^etable  chemistry  promises 
soon  to  throw  light  on  it  Various  frauds 
are  practised  with  this  substance.  Neumann 
states  as  the  common  practices  of  woriLmen 
the  two  following :— The  one  consists  in  sur- 
rounding the  amber  with  sand  in  an  iron  pot, 
and  cementing  it  with  a  gradual  fire  for  forty 
hours,  some  small  pieces  placed  near  the  sides 
of  the  vessel  being  occasionally  taken  out  for 
judging  of  the  eilect  of  the  operation.  The 
second  method,  which  he  says  is  that  most  ge- 
nerally practised,  is  by  digesting  and  boiling 
tlie  amber  about  twenty  hours  with  rape- 
seed  oil,  by  which  it  is  rendered  both  clear 
and  hard. 

Werner  has  divided  it  into  two  sub-spedes, 
the  white  and  the  yellow ;  but  there  is  little 
advantage  in  the  distinction.  Its  ultimate 
constituents  are  carbon,  hydrogen,  and  oxy- 
gen. Although  my  experiments  on  the  ulti- 
mate analysis  of  amber  were  conducted  care- 
fully, with  re-trituration  and  re-ignition,  n# 
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good  atomic  ooofigunitioii  of  it  occurred  to  whales  but  luch  as  are  dead  or  sick,  its  pro- 

me.    It  yielded,  in  100  parts,  70.68  carboD,  duction  is  generally  supposed  to  be  owing  to 

11.62  hydrogen,  and  17.77  oxygen;  or  of  disease,  though  some  have  a  little  too  per- 

the  elements  of  water  20  -}-  hydrogen  in  ez-  emptorily  aflSrmed  it  to  be  the  cause  of  the 

cess  9.4,  independently  of  the  carbon.— PAi7.  morbid  aflectioo.  As  no  large  piece  has  ever 

Trans*  1822.  been  found  without  a  greater  or  less  quan- 

In  the  second  volume  of  the  Edinburgh  tity  of  the  beaks  of  tlie  sepia  octopodia,  tha 

Philosophical  Journal,  Dr  Brewster  has  given  common  food  of  tlie  spermaceti  whisle,  inter- 

an  account  of  some  optical  properties  of  am-  spersed  throughout  its  substance,  there  can 

ber,  from  which  he  considers  it  established  be  little  doubt  of  its  originating  in  the  io- 

beyond  a  doubt  that  amber  is  an  indurated  tesdnes  of  the  whale ;  for  if  it  were  occasion- 

vegetable  juice ;  and  that  the  traces  of  a  re-  ally  swallowed  by  it  only,  and  then  caused 

gular  structure  indicated  by  its  action  upon  disease,  it  must  much  more  Irequently  be 

polarized  light,  are  not  the  eflect  o(  the  or-  found  without  these^  when  it  is  met  with 

dinary  laws  of  crystallization  by  which  meUite  floating  in  the  sea,  or  tlirown  upon  the  shoreii 

haa  been  formed,  but  are  produced  by  the  Ambergris  is  found  of  various  sizes,  gene- 

aame  causes  which  influence  the  mechanical  rally  ia  small  fragments,  but  sometimes  so 

condition  of  gum>arabic,  and  other  gums,  large  as  to  weigh  near  two  hundred  pounds, 

which  are  known  to  be  formed  by  the  succes-  When  taken  from  the  whale  it  is  not  so  hard 

ave  deposition  and  induration  of  vegetable  as  it  becomes  afterward  on  exposure  to  the 

fluids.  air.     Its  specific  gravity  ranges  from  780  to 

M.  Berzelius  adopts  the  opinion,  that  am-  926.  If  good,  it  adheres  like  wax  to  the  edge 
ber  is  of  vegetable  origin ;  that,  like  ordinary  of  a  knife  with  which  it  is  scraped,  retains  the 
resins,  it  has  flowed  fh>m  vegetables,  in  the  imprestton  of  tlie  teeth  or  nails,  and  emits  a 
state  of  a  balsam,  and  has  afterwards  acquir-  fat  odoriferous  liquid  on  being  penetrated 
cd  hardness  gradually.  Amber,  according  with  a  hot  needle.  It  is  generally  brittle ; 
to  this  eminent  chemist,  contains^ve  substan-  but,  on  rubbing  it  witli  the  nail,  it  becomes 
cea :— 1.  An  odoriferous  oil,  in  small  quan-  smooth  like  hard  soap.  Its  colour  is  either 
tity.  2.  A  yellow  resin  intimately  combined  white,  black,  ash-coloured,  yellow,  or  black« 
with  this  oil,  dissolving  freely  in  alcohol,  ish ;  or  it  is  variegated,  namely,  grey  ^ith 
ether,  and  alkalis,  very  fusible,  and  resem«  black  specks,  or  grey  with  yellow  specks.  Its 
bling  ordinary  vegetable  resins.  3.  A  resin  smell  is  peculiar,  and  not  easy  to  be  counten* 
soluble  with  diflSculty  in  cold  alcohol,  more  feited.  At  144°  it  melts,  and  at  212^  is  vola- 
freely  in  hot  alcohol,  from  which  it  separates  tilized  in  the  form  of  a  white  vapour.  But 
on  cooling  as  a  white  powder  soluble  in  ether  on  a  red-hot  coal  it  bums,  and  is  entirely  dia> 
and  alkalis.  Hiese  two  resins  and  the  vola-  sipated.  Water  has  no  action  on  it ;  acids, 
tile  oil,  if  removed  from  amber  by  ether,  and  except  nitric,  act  feebly  on  it ;  alkalis  corn- 
then  obtained  by  evaporation  of  the  latter  in  bine  with  it,  and  form  a  soap ;  ether  and  the 
water,  fonn  a  natural  viscid  balsam,  very  volatile  oils  dissolve  it ;  so  do  the  fixed  oils» 
odorous,  of  a  clear  yellow  colour,  and  which  and  also  ammonia,  when  assisted  by  heat ; 
gradually  becomes  hard,  but  retains  some  alcohol  dissolves  a  portion  of  it,  and  is  of 
odour.  There  is  every  reason  for  supposing  great  use  in  analyzing  it,  by  separating  its 
this  to  be  precisely  the  substance  from  which  constituent  parts.  According  to  Bouillon  la 
amber  originates,  but,  at  the  same  time,  ra-  Grange,  who  has  given  the  latest  analysis  of 
ther  poorer  in  essential  oil  than  at  first ;  and  it,  .3820  parts  of  ambergris  consist  of  adipo- 
that  tlie  insoluble  substances  in  amber  have  cere  2016  parts,  a  resinous  substance  1 167» 
been  gradually  formed  by  a  spontaneous  aU  benzoic  acid  425,  and  coal  212.  But  Bu- 
teration  of  this  balsam,  but  at  the  same  time  cholz  could  find  no  benzoic  acid  in  it.  I 
have  enveloped  one  part  of  it,  and  so  pre-  examined  two  difierent  specimens  with  con- 
served  it  from  entire  decomposition  or  change,  siderable  attention.  The  one  yielded  ben- 
4b  Succinic  arid  dissolved  with  the  preceding  zeic  add,  the  other,  equally  genuine  to  all 
bodies  by  ether,  alcohol,  and  alkalis.  6.  A  appearance,  afforded  none.  See  AniFOCEaEy 
body  insoluble  in  alcohol,  ether,  and  alkalis,  and  Intestinal  Concbjetiok. 
analogous  in  some  points  to  the  substance  An  alcoholic  solution  of  ambergris,  added 
found  by  Dr  John  in  lac,  and  called  by  him  in  minute  quantity  to  lavender  water,  tooth 
'ik»jmndpU  of  lac.  This  is  formed  in  large  powder,  hair  powder,  wash  balls,  &c.  corn- 
quantity  when  a  solution  of  lac  in  alkali  is  municates  its  peculiar  fragrance.  Its  retail 
precipitated  by  chlorine.  price  being  in  London  so  high  as  a  guinea 

Amber  is  also  used  in  varnishes.  See  Vail-  per  oz.  leads  to  many  adulterations.     Ibese 

XISH,  and  Oil  of  Aubeb.  consist  of  various  mixtures  of  benzoin,  lab- 

AMBERGRIS  is  found  in  the  sea,  near  danum,  meal,  &c.  scented  with  musk.     Ibe 

the  coasts  of  various  tropical  countries ;  and  greasy  appearance  and  smell  which  heated 

hMalso  been  taken  out  of  the  intestines  of  ambergris  exhibits,  afford  good  cri^ma,  joined 

the  pbyseter  raacrocephalus,  the  spermaceti  to  its  solubility  in  hot  ether  and  alcohoL 

whale.     As  it  haa  not  been  found  in  any  It  has  occasionally  been  cmployad  in  mo- 
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dicine,  but  its  use  is  now  confined  to  the 
perfumer.  Dr  Swediaur  took  thirty  grains 
of  it  without  perceiving  any  sensible  effect. 

AMBLYGONlT£.  A  greenish-coloured 
mineral  of  different  pale  shades,  marked  on 
the  surface  with  reddish  and  yellowish>brown 
spots.  It  occurs  massive  and  crystallized  in 
oblique  four-sided  prisms.  Lustre  vitreous  ; 
deavage  parallel  veith  the  sides  of  an  oblique 
four-sided  prism  of  IO60  10'  and  TT^"  5(y; 
fiacture  uneven ;  fragments  rhomboidal ; 
translucent;  hardness,  as  felspar;  brittle; 
sp.  gr.  3.0 ;  intumesces  with  the  blowpipe, 
and  fuses  with  a  reddish-yellow  phosphores- 
cence into  a  white  enamel.  It  occurs  in 
granite,  along  with  green  topaz  and  tourma- 
line, near  Pinig  in  Saxony.  It  seems  to  be 
a  species  of  spodumene. 

AMBREINE.  By  digesting  ambergris 
in  hot  alcohol,  sp.  gr.  0.827,  the  peculiar  sub- 
stance called  ambreine  by  Pelleder  and  Ca- 
ventou  is  obtained.  The  alcohol,  on  cooling, 
deposits  the  ambrane  in  very  bulky  and  irre- 
gular crystals,  which  still  retain  a  very  con- 
siderable portion  of  alcohol.  Thus  obtained, 
it  has  the  following  properties :  —It  is  of  a 
brilliant  white  colour,  has  an  agreeable  odour, 
of  which  it  is  deprived  by  repeated  solutions 
and  crystallizations.  It  is  destitute  of  taste, 
and  does  not  act  on  vegetable  blues.  It  is 
insoluble  in  water,  but  dissolves  readily  in 
alcohol  and  ether;  and  in  much  grotter 
quantity  in  these  liquids  when  hot,  than 
when  cold.  It  melts  at  the  temperature  of 
86S  softening  at  77°.  It  is  partly  volati- 
lized and  decomposed  into  a  white  smoke 
when  heated  above  2129.  It  does  not  seem 
capable  of  combining  with  an  alkali,  or  of 
b^ng  saponified.  When  heated  with  nitric 
acid,  it  becomes  green  and  then  yellow,  while 
nitrous  gas  is  exhaled.  By  this  absorption 
of  oxygen,  it  is  converted  into  an  acid,  which 
has  been  called  ambreic  acid.  This  acid  is 
yellowish-white,  has  a  peculiar  smell,  reddens 
vegetable  blues,  does  not  melt  at  212°,  and 
evolves  no  ammonia  when  decomposed  at 
higher  temperatures.  It  is  soluble  in  alco- 
hol and  ether ;  but  slightly  so  in  water.  Am- 
breate  of  potash  gives  yellow  precipitates  with 
muriate  of  lime,  muriate  of  baryta,  sulphate 
of  copper,  sulphate  of  iron,  nitrate  of  silver, 
acetate  of  lead,  corrosive  sublimate,  muriate 
of  tin,  and  muriate  of  gold.-^Jburit.  de 
Pharnu  v.  49. 

AMETHYST.  Tlie  amethyst  is  a  gem 
of  a  vblet  colour,  and  great  brilliancy,  said 
to  be  as  hard  as  the  ruby  or  sapphire,  from 
which  it  only  difiers  in  colour.  This  is 
called  the  oriental  amethyst,  and  is  very  rare. 
When  it  inclines  to  the  purple  or  rosy  colour, 
it  is  more  esteemed  than  when  it  is  nearer  to 
the  blue.  These  amethysts  have  the  same 
figure,  hardness,  specific  gravity,  and  other 
qualities,  as  the  best  sapphires  or  rubies,  and 
O0me  frten  the  same  phnces,  particularly  fh)m 


Persia,  Arabia,  Armenia,  and  the  West'  In- 
dies. The  occidental  amethysts  are  merely 
coloured  crystals  or  quartz.  See  Qca&tz  and 
Sapphi  &E. 

AMI  ANTHOIDE.  A  mineral,  in  long 
capillary  filaments,  of  an  olive-green  colour, 
flexible  and  elastic  Lustre,  brilliant  silky. 
It  is  composed  of  silica  47,  lime  1 1,  mag- 
nesia 7,  oxide  of  iron  20,  manganese  10.— 
Vauquelifu  It  is  found  at  Oisans  in  France. 
'-'PhHip$*$  JJineralogy, 

AMIANTHU&     Mountain  flax.      See 

ASBESTUS. 

AMIATITE.      FiORiTE,  or  Peabl-on- 

TER. 

AMI  DINE.  This  is  a  substance  pro- 
duced, according  to  M.  de  Saussure,  when 
we  abandon  the  paste  of  starch  to  itself,  at 
the  ordinary  temperature,  with  or  without 
the  contact  of  air.     See  Starch. 

AMMONIA.  Called  also  volatUe  alkalL 
We  shall  first  consider  this  substance  in  its 
purely  scientific  relations,  and  then  detail  its 
manufacture  on  the  great  scale,  and  its  uses 
in  the  arts.  There  is  a  saline  body,  formerly 
brought  from  Egypt,  where  it  was  separated 
from  soot  by  sublimation,  but  which  is  now 
made  abundantly  in  Europe,  called  sal  am- 
moniac. From  tliis  salt  pure  ammonia  can 
be  readily  obtained  by  the  following  process : 
Mix  unslacked  quicklime  with  its  own  weight 
of  sal  ammoniac,  each  in  fine  powder,  and 
introduce  them  into  a  glass  retort.  Join  to 
the  beak  of  the  retort,  by  a  collar  of  caout- 
chouc, (a  neck  of  an  India  rubber  bottle 
answers  well),  a  glass  tube  about  18  inches 
long,  containing  pieces  of  ignited  muriate  of 
lime.  This  tube  should  lie  in  a  horizontal 
position,  and  its  free  end,  previously  bent 
obliquely  by  the  blowpipe,  should  dip  into 
dry  mercury  in  a  pneumatic  trough.  A  slip 
of  porous  paper,  as  an  additional  precaution, 
may  be  tied  round  the  tube,  and  kept  moist 
with  ether.  If  a  gentle  heat  from  a  charcoal 
chauffer  or  lamp  be  now  applied  to  the  bot- 
tom of  the  retort,  a  gaseous  body  will  bubble 
up  through  the  mercury.  Fill  a  little  glass 
tube^  sealed  at  one  end,  with  the  gas,  and 
transfer  it,  closely  stopped  at  the  other  end, 
into  a  basin  containing  water.  If  the  water 
rise  instantly  and  fill  tlie  whole  tube,  the  gas 
is  pure,  and  may  be  received  for  examina- 
tion. 

Ammonia  is  a  transparent,  colourless,  and 
consequently  invisible  gas,  possessed  of  elas- 
ticity, and  the  other  jnechanical  properties  of 
the  atmospherical  air.  Its  specific  gravity  is 
an  important  datum  in  chemical  researches, 
and  has  been  rather  differently  stated.  Yet, 
as  no  aeriform  body  is  more  easily  obtained 
in  a. pure  state  than  ammonia,  this  diversity 
among  accurate  experimentalists  shows  the 
nicety  of  this  statical  operation.  MM.  Biot 
and  Arago  make  it  =  0.59669  by  experi- 
ment, and  by  calculation  from  its  elementary 
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gam  they  jutke  it  =  a5943a  Kirwan 
says,  tiiat  100  cubic  inches  weigh  18.16  gr. 
at  30  incbesof  bar.  and  61^  F.,  which,  com- 
pared to  air  reckoned  30.519,  gives  0.59540. 
Sir  H.  Davy  determines  its  density  to  be  ^ 
0.590,  with  which  estimate  tlie  theoretic  caU 
cnladons  of  Dr  Fhmt,  in  the  6th  volume  of 
the  Annals  of  Philosophy,  agree. 

This  gas  has  an  exceedingly  pungent  smell, 
wfil  known  by  the  old  name  of  spirits  of 
faartshom.  An  animal  plunged  into  it  spee- 
dlljdies.  It  extinguishes  combustion,  but 
being  itself  to  a  certain  degree  combustible^ 
the  flame  of  a  taper  immo^sed  in  it  is  en- . 
]ai|^  before  going  out.  By  exposing  this 
gaa  to  a  very  low  temperature  M.  Bussy  suc- 
ceeded in  liquefying  it.  See  Acu)  (SuLPHU- 
Boos).  It  has  a  very  acrid  taste.  Water  con- 
denses it  very  rapidly,  llie  following  valu- 
able table  of  its  aqueous  combinations  has 
been  given  by  Sir  H.  Davy. 


Sp*  Gr. 

jimmotda. 

Water. 

a8750 

32.50 

67.50 

0.8875 

29.25 

70.75 

0.9000 

26.00 

74.00 

0.9054 

25.37 

74u63 
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Sp,Gr. 

Jmmonia, 

Watgr, 

a9166 

22.07 

77.93 

0.9255 

19.54 

8Q.46 

0.9326 

17.52 

82.48 

0.9385 

15.88 

84.12 

0.9435 

14.53 

85.47 

0.9476 

13.46 

86.54 

0.9513 

12.40 

87.60 

0.9545 

11.56 

88.44 

0.9573 

10.82 

89.18 

0.9597 

10.17 

89.83 

0.9619 

9.60 

90.40 

0.9692 

9.50 

90.50 

Water  is  capable  of  dissolving  easily  about 
one>third  of  its  weight  of  ammoniacal  gas,  or . 
460  times  its  bulk.     Hence,  when  placed  in 
contact  with  a  tube  filled  with  this  gas,  water  ^ 
rushes  into  it  with  explosive  velocity.     Fjro- 
bably  the  quantity  of  ammonia  stated  in 
the  above  table  is  too  high  by  about  one  per . 
cenL 

Hie  following  table  of  the  quantity  of  am- 
monia in  100  parts,  by  weight,  of  its  aqueous 
combinations  at  successive  densities,  was  pub- 
lished by  me  in  the  Philosophical  Magaxine 
for  March  1821. 


Water 

AmrsM- 

Water 

8p.gr. 

Mean 

of 

Dlain 

in 

by  expe. 

specific 

Equivalent  primes. 

04»a 

joa 

100. 

rixncnt 

gravity. 

100 

26.500 

7a500 

0.9000 

95 

25.175 

74.825 

0.9045 

0.90452 

Wat,  Jm. 

90 

2a850 

76.150 

0.9090 

0.90909 

24  +  76, 

6tol 

85 

22.525 

77.475 

0.9133 

0.91370 

i 

80 

21.200 

78.800 

0.9177 

0.91838 

21.25+78.75, 

7tol 

75 

19.875 

80.125 

0.9227 

0.92308 

1 

70 

ia550 

81.450 

0.9275 

0.92780 

19.1+80.9, 

8tol 

65 

17.225 

82.775 

0.9320 

0.93264 

17.35  +  82.65, 

9tol 

60 

15.900 

84.100 

0.9363 

0.93750 

15.9  +  84.1, 

10  to  1 

55 

14.575 

85.425 

0.9410 

0.94241 

14.66  +  85.34, 

lltol 

50 

ia250 

86.750 

0.9455 

0.94737 

ia60  + 86.40, 

12tol 

45 

11.925 

8a075 

0.9510 

0.95238 

ll.9  +  8ai. 

14tol  * 

40 

10.600 

89.400 

0.9564 

0.95744 

11.2+88.8, 

15  to  1 

35 

9.275 

90.725 

0.9614 

0.96266 

30 

7.950 

92.050 

0.9662 

0.96774 

8.63+91.37, 

20  to  I 

25 

6.625 

9a375 

0.9716 

0.97297 

7+93, 

25  to  1 

20 

5.300 

94.700 

0.9768 

0.97826 

6+94, 

30tol 

15 

3.975 

d6.025 

0.9828 

0.98360 

4.5  +  95.5, 

40tol 

10 

2.650 

97.350 

0.9887 

0.9890 

3  +  97, 

60tol 

5 

1.325 

98.675 

0.9945 

0.99447 

The  remarkable  expannveness  which  am- 
numia  carries  into  its  first  condensation  with 
water,  continues  in  the  subsequent  dilutions 
oi  its  aqueous  combinations.  This  curious 
|noperty  is  not  peculiar  to  pure  ammonia,  but 
belongs,  as  I  have  found,  to  some  of  its  salts. 
Thua  sal  aotmoniac,  by  its  union  with  water, 
causes  an  enlargement  of  the  total  volume  of 
the  compound^  beyond  the  volume  of  the  con- 
stituents of  the  solution.  Or  the  specific  gra- 
Ti^  of  the  saturated  solution  is  leas  than  the 
mean  sp.  gravity  of  the  salt  and  water.     I 


know  of  no  salts  with  which  this  phenomenon 
occurs,  except  the  ammoniacaL 

Near  the  two  extremities  of  tlie  table,  the 
experimental  and  computed  specific  gravities 
agree ;  the  reciprocal  affinity  thus  btdandng 
the  peculiar  expansiveness  communicated  by 
the  ammonia,  which  becomes  conspicuous  in 
the  intermediate  proportions  of  water  and  gas. 
This  fact  is  in  unison  with  the  general  laws  of 
chemical  combination. 

Since  73.5  grains  of  distilled  water  exist, 
in.  100  water  of  ammonia,  specific  gravity 
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0.900,  which  occupy  die  volume  of  1.111, 
ooe  part  of  water  in  bulk  will  be  conyerted 
into  almost  exactly  one  and  a  half  of  such 
water  of  ammonia.  1 00  grains  of  this  water 
contain  147.2  cubic  inches  of  gas.  Hence, 
one  grain  of  water  hold  scondensed  in  such 
aqueous  ammonia  2  cubic  inches  of  the  gas, 
or  one  volume  of  distilled  water  is  united  to 
S05  volumes  of  the  gas. 

It  deserves  to  be  remarked,  that  one  vo- 
lume of  water,  when  converted  into  aqueous 
muriatic  add,  spedfic  gravity  1.200,  or  into 
aqueous  ammonia,  sp.  gr.  0.900,  eipands  in 
either  case  into  a  volume  and  a  half. 

If  from  998  we  deduct  the  spedfic  gravity 
of  water  of  ammonia,  expressed  in  three  in- 
tegers, the  remainder,  divided  by  4i,  will  give 
a  quotient  representing  the  quantity  of  real 
alkali  present.  This  rule  is  exact  for  all  such 
liquid  ammonia  as  is  commonly  used  in  che- 
mical researches  and  in  medidne,  viz.  be* 
tween  sp.  grav.  936  and  980,  water  bdng 
1000. 

Liquid  ammonia,  as  the  aqueous  compound 
is  termed,  may  therefore,  like  spirits,  be  very 
accurately  valued  by  its  spedfic  gravity.  But 
it  differs  remarkably  from  alcoholic  mixtures 
in  this  respect,  that  the  strongest  ammoniacal 
liquor,  when  it  is  diluted  with  water,  suffers 
little  condensation  of  volume.  The  spedfic 
gravity  of  the  dilute,  is  not  far  from  that  of 
its  components.  Hence  having  one  point 
accurately,  we  can  compute  all  below  it,  by 
paying  attention  to  the  rule  given  under  Spe- 
anc  G&Avmr.  To  procure  aqueous  ammo- 
nia, we  may  use  either  a  common  still  and 
refrigeratory,  or  a  Woolfe's  apparatus.  The 
latter  should  be  preferred.  Into  a  retort  we 
put  a  mixture  of  two  parts  of  slacked  lime, 
and  one  part  of  pulverized  sal  ammoniac, 
and  having  connected  the  beak  of  the  retort 
with  the  Woolfe's  apparatus,  containing  pure 
water,  we  then  disengage  the  ammonia  by 
the  application  of  heaU  When  gas  ceases  to 
be  evolved,  the  addition  of  a  little  hot  water 
will  renew  its  disengagement,  and  ensure 
complete  decomposition  of  the  salt.  Since 
sal  ammoniac  contains  nearly  \  its  wdght  of 
ammonia,  ten  pounds  of  it  should  yield  by 
economical  treatment  30  pounds  of  liquid, 
whose  specific  gravity  is  0.950,  which  is  as 
strong  as  the  ordinary  purposes  of  chemistry 
and  medicine  require ;  and  it  will  form  twice 
that  quantity,  or  60  pounds  of  the  common 
water  of  ammonia  sold  by  apotliecaries,  which 
has  rarely  a  smaller  density  than  0.978  or 
0.980.  Tliere  is  no  temptation  to  make  it 
with  the  ammoniacal  carbonate ;  but  if  this 
salt  be  accidentally  present,  it  is  instantly 
detected  by  its  causing  a  milkiness  in  lime 
water. 

Ammoniacal  gas,  perfectly  dry  when  mix- 
ed with  oxygen,  explodes  with  the  electric 
spark,  and  is  converted  into  water  and  nitro- 
gen, as  has  been  shown  in  an  ingenious  paper 


by  Dr  Henry.     But  the  aimplctt,  and  per- 
haps most  accurate  mode  of  resolving  ammo- 
nut  into  its  elementary  constituents,  is  that 
first  practised  by  M.  Berthollet,  the  celebra^ 
ed  discoverer  of  its  composition.     This  con- 
sists in  making  the  pure  gas  traverse  very 
slowly  an  ignited  porcelain  tube  of  a  small 
diameter.    The  process,  as  lately  repeated  by 
M.  Gay  Lussac,  yielded,  from   100  cubic 
indies  of  ammonia,  200  cubic  inches  of  con- 
stituent gases ;  of  which,  by  subsequent  ana- 
lysis, 50  were  found  to  be  nitrogen,  and  150 
hydrogen.     Hence  we  see,  that  the  redpro- 
cal  aflinity  of  die  ammoniacal  elements  had 
effected  a  condensation  equal  to  one-half  of 
the  volume  of  the  free  gases.     It  appears  by 
the  most  recent  determinations,  that  the  spe- 
dfic gravity  of  hydrogen  is  0.0694^  compar- 
ed to  air  as  unity,  and  that  of  nitrogen  0.9722. 
Three  volumes  of  the  former  will  therefore 
weigh  0.2082,  and  one  of  the  latter,  0.9722 ; 
the  sum  of  which  numbers,  1.1804<,  divided 
by  2,  ought  to  coincide  with  the  experimental 
density  of  ammonia.     Now,   it  is  0.5902, 
bdng  an  exact  correspondence.      And  the 
ratio  of  tlie  two  wdghts,  reduced  to  100 
parts,  will  be  82.36  nitrogen  to  17.64  hydro-    . 
gen.     To  reduce  ammonia  to  the  system  of 
equivalents,  or  to  find  its  saturating  ratio  on 
that  scale  where  oxygen  represents  unity,  we 
have  this  proportion ;  9722 :  1.75  ::  1. 1804 : 
2. 125 ;  so  that  2. 125  may  be  called  its  prime 
equivalent.     We  shall  find  this  number  de- 
duced from  analysis,  confirmed  by  the  syn- 
thesis of  all  the  ammoniacal  salts. 

Dr  Fjrout,  in  an  able  memoir  on  the  rele- 
tion  between  the  spedfic  gravities  of  gaseous 
bodies  and  the  weights  of  their  atoms,  pub- 
lished in  the  6th  voL  of  the  Annals  of  Phi- 
losophy, makes  the  theoretical  weight  of  the 
atom  of  ammonia  to  be  only  1.9375,  consi- 
dering it  as  a  compound  of  1  atom  of  azote^ 
and  1^  atoms  of  hydrogen.  This  statement 
appears  to  be  a  logical  inference  from  Mr 
Dalton's  hypothesis  of  atomical  combination. 
For  water,  the  main  groundwork  of  his  ato- 
mic structure,  is  represented  as  a  compound 
of  one  atom  of  oxygen  with  one  atom  of  hy- 
drogen ;  and  this,  atomical  unit  of  hydrogen 
consists  of  two  volumes  of  the  gas.  Hence 
three  volumes  of  the  gas  must  represent  an 
atom  and  a  half.  Yet  an  atom  is,  by  its  very 
definition,  indivisible.  Dr  Prout,  in  the 
38th  number  of  the  Annals,  restores  the  true 
proportions  of  3  atoms  hydrogen  -^  1  azote. 
Our  doctrine  of  equivalent  primes,  resting  on 
the  basis  of  experimental  induction,  claims 
no  knowledge  of  the  atomical  constitution  of 
bodies. 

The  alkaline  nature  of  ammonia  is  demon- 
strated, not  only  by  its  neutralizing  addity, 
and  changing  the  vegetable  reds  to  purple 
or  green,  but  also  by  its  bdng  attracted  to 
the  negative  pole  of  a  voltaic  arrangement. 
When  a  pretty  strong  electric  power  is  ap- 


AMMONIA.  151  AMMONIA. 

ptttd  to  annnonia  in  its  liquid  or  loUcl  coin-  MM.  Gay  Luhoc  and  Thenard  foundi  bjr 
bioaiiooi^  smple  decomposition  is  effected  ;  immersion  in  water,  that  mercuTy*  in  passing 
but  in  contact  with  mercury,  very  myste-  to  the  state  of  a  hydruret,  absorbed  3(  times 
lious  phenomena  occur.  If  a  globule  of  its  volume  of  hydrogen.  The  ammoniacal 
mercury  be  surrounded  with  a  little  water  of  bydruret  of  mercury  and  potassium  may 
ammonia,  or  placed  in  a  little  cavity  in  a  exist  by  itself;  but  as  soon  as  we  attempt  to 
piece  of  sal  ammoniac,  and  then  subjected  to  separate  or  oxidize  the  potassium^  its  other 
the  voltaic  power  by  two  wires,  the  negative  constituent  principles  also  separate.  Hence 
touching  the  mercury,  and  the  positive  the  this  hydruret  is  speedily  decomposed  by  the 
ammoniacal  compound,  the  globule  is  in-  air,  by  oxygen  gas,  and  in  general  by  all  bo- 
stantly  covered  with  a  circulating  film,  a  dies  that  act  upon  potassium.  It  is  even 
white  smoke  rises  from  it,  and  its  volume  affected  by  mercury,  so  that,  in  treating  it 
enlarges,  whilst  it  shoots  out  ramifications  of  with  this  metal,  we  may  easily  determine  the 
n  semi-soUd  consistence  over  the  salt.  Hie  relative  quantity  of  ammonia  and  hydrogen 
amalgam  has  the  consistence  of  soft  butter,  which  it  contains.  We  need  only  for  this 
and  may  be  cut  with  a  knife.  Whenever  the  purpose  take  up  the  interior  parts  of  the  by** 
electrisation  is  suspended,  the  crab-like  fibres  druret  with  a  little  iron  spoon,  fill  up  with  it 
jvtract  towards  the  central  mass,  which  soon,  a  little  glass  tube  already  nearly  full  of  mer- 
by  the  constant  formation  of  white  saline  cury,  and  closing  this  with  a  very  dry  stop- 
films^  resumes  its  pristine  globular  shape  and  per,  invert  it  in  mercury  equally  dry.  The 
sise.  The  enlargement  of  volume  seems  to  hydruret  will  rise  to  the  upper  part  of  the 
amount  occasionally  to  ten  times  that  of  the  tube,  will  be  decomposed,  especially  by  a 
mercury,  when  a  small  globule  is  employed,  slight  agitation,  and  will  give  out  hydrogen 
Sir  H.  Davy,  Beraelius,  and  MM.  Gay  Lus-  and  ammonia  in  the  ratio  of  ]  to  2.5. 
nc  and  Thenard,  have  studied  this  singular  The  mere  ammoniacal  bydrurets  contain 
phenomenon  with  great  care.  They  produc-  but  a  very  small  quantity  of  hydrogen  and 
ed  Ihe  very  same  substance,  by  putting  an  ammonia.  By  supposing  that,  in  the  am^- 
amalgam  of  mercury  and  potassium  into  the  moniacal  bydruret  of  mercury,  the  hydrogen 
moistened  cupel  of  sal  ammoniac  It  be-  is  to  the  ammonia  in  the  same  proportion  as 
comes  five  or  six  times  larger,  assumes  the  in  the  ammoniacal  hydruret  of  mercury  and 
consistence  of  butter,  whikt  it  retains  its  potassium,  it  will  appear  that  the  first  ia 
jmetallic  lustre.  formed,  in  volume,  of  1  of  mercury,  3.47 

What  takes  place  in  these  experiments  ?  hydrogen,  and  8.67  ammoniacal  gas,  at  the 

In  the  second  case,  the  substance  of  metallic  mean  pressure  and  temperature  of  30,  and 

aspect  which  we  obtain  is  an  ammoniacal  60*' ;  or  in  weight,  of  about  1800  parts  of 

bydruret  of  mercury  and  potassium.     There  mercury,  with  1  part  of  hydrogen,  and  1  of 

ia  formed,  besides,  muriate  of  potash.     Con-  ammonia. 

eequently  a  portion  of  the  potassium  of  the         M.  HoUunder  describes  a  production  of 

amalgam  decomposing  the  water,  becomes  ammonia,  which,  in  the  present  state  of  our 

potash,  which  itself  decomposes  the  muriate  knowledge,  seems  equally  mysterious  as  the 

of  ammonia.     Tlience  result  hydrogen  and  above  experimental  results.    He  mixed  liver 

smmonia,  which,  in  the  nascent  state,  unite  of  sulphur  and  pure  iron  filings  tc^ether,  put 

to  the  undeoompoaed  amalgam.     In  ^  first  them  into  a  covered  crucible,  and  exposed 

experiment,  the  substance  which,  as.  in  the  them  to  a  high  temperature.      When  the 

second,  presents  the  metallic  aspect,  is  only  double  sulphuret  thus  obtained  was  moisten- 

an  ammoniacal  hydruret  of  mercury :  its  for-  ed  with  a  little  water,  it  disengaged  abun- 

mation  is  accompanied  by  the  perceptible  dant  vapours  of  ammonia,  and  continued  to 

evolution  of  a  certain  quantity  of  chlorine  at  do  so  as  long  as  it  remained  hot. 
the  positive  pole.     It  is  obvious,  therefore.         Ammonia  is  not  affected  by  a  cherry-red 

that  the  salt  is  decomposed  by  the  electricity,  heat     According  to  Guyton  de  Morveau,  it 

The  hydrogen  of  the  muriatic  add,  and  the  becomes  a  liquid  at  about  40°  — 0°>  or  at 

ammonia,  both  combine  with  the  mercury,  the  freezing  point  of  mercury ;  but  it  is  un- 

These  bydrurets  possess  the  following  pro-  certain  whetlier  the  appearances  he  observed 

perties:*^  may  not  have  been  owing  to  hygrometric 

Their  sp.  gravity  is  in  general  below  3.0 :  water,  as  happens  with  chlorine  gas.     The 

exposed  for  some  time  to  the  temperature  of  ammoniacal  liquid  loses  its  pungent  smell  as 

31^  F.  they  assume  conaiderable  hardness,  its  temperature  sinks,  till  at  —-50°  it  gelati- 

and  crystallize  in  cubes,  which  are  often  as  nizes,  if  suddenly  cooled ;  but  if  slowly  cooU 

beautiful  and  large  as  those  of  bismuth*  ed,  it  crystallizes. 

Ether  and  alcohol  instantly  destroy  these  Oxygen,  by  means  of  electricity,  or  a  mere 
amalgams,  exciting  a  brisk  effervescence  with  red  heat,  resolves  ammonia  into  water  and 
them,  and  reproducing  the  pure  mercurial  nitrogen.  When  there  is  a  considerable  ex- 
globule.  These  amalgams  are  slightly  per-  cess  of  oxygen,  it  acidifies  a  portion  of  the 
maneot  in  the  air,  if  unitisturbed ;  but  the  nitn^n  into  nitrous  acid,  whence  many  falla- 
kasfe  agitation  b  fatal  to.  their  existence,  cies  in  analysis  have  arisen.     Chlorine  and 
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ammoiiia  exercise  so  powerftil  an  action  on 
each  odier,  that  when  mixed  suddenly,  a  sheet 
of  white  flame  pervades  them.  The  simplest 
way  of  making  this  fine  experiment^  is  to  in- 
vert a  matrass,  with  a  wide  mouth  and  conical 
neck,  over  another  with  a  taper  neck,  contain- 
ing a  miiture  of  sal  ammoniac  and  lime, 
heated  by  a  lamp.  As  soon  as  the  upper  ves- 
sel seems  to  be  full  of  ammonia,  by  the  over- 
flow of  the  pungent  gas,  it  is  to  be  cautiously 
lifted  up,  and  inserted  in  a  perpendicular  di- 
rection into  a  wide-mouthed  glass  decanter  or 
flask  filled  with  chlorine.  On  seizing  the  two 
vessels  thus  joined  with  the  two  hands  covered 
with  gloves,  and  suddenly  inverting  them,  like 
a  sand-glass,  the  heavy  chlorine  and  light 
ammonia,  rushing  in  opponte  directions,  unite 
with  the  evolution  of  flame.  As  one  volume 
of  ammonia  contains,  in  a  condensed  states 
one  and  a  half  of  hydrogen,  which  requires 
fisr  its  saturation  just  one  and  a  half  of  chlo- 
rine, this  quantity  should  resolve  the  mixture 
kito  muriatic  acid  and  nitrogen,  and  thereby 
give  a  ready  analysis  of  the  alkaline  gas.  If 
the  proportion  of  chlorine  be  less,  sal  ammo- 
niac and  nitrogen  are  the  results.  The  same 
thing  happens  on  mixing  the  aqueous  solu- 
tions of  ammonia  and  chlorine.  But  if  large 
bubbles  of  chlorine  be  let  up  in  ammoniacal 
water  of  moderate  strength,  luminous  streaks 
are  seen  in  the  dark  to  pervade  the  liquid, 
and  the  same  reciprocal  change  of  the  ingre- 
dients is  effected. 

MM.  Gay  Lussac  and  Thenard  state,  that 
when  three  parts  of  ammoniacal  gas  and  one 
of  chlorine  are  mixed  together,  they  condense 
into  sal  ammoniac,  and  azote  equal  to  1-lOth 
the  whole  volume  is  given  out.  This  result 
is  at  variance  with  tiieir  own  theory  of  vo- 
lumes. 

Three  of  ammoniacal  gas  consist  of  4^^  hy- 
drogen,  and  1  (  nitrogen  in  a  condensed  state : 
I  of  chlorine  seizes  1  of  hydrogen  to  form  2 
of  muriatic  add  gas,  which  precipitate  with  2 
of  ammonia,  in  a  pulverulent  muriate.  But 
the  3d  volume  of  ammonia  had  parted  with 
1  volume  of  its  hydrogen  to  the  chlorine,  and 
another  half-volume  of  hydrogen  will  unite 
with  0. 166  of  a  volume  of  nitrogen,  to  form 

=  0.33  of  redundant  ammonia,  while 

0.33  of  a  volume  of  nitrogen  is  left  unem- 
ployed. Hence  2-3ds  of  a  volume,  or  ]-6th 
of  the  original  bulk  of  the  mixed  gases,  ought 
to  remain ;  consisting  of  equal  parti  of  am- 
monia and  nitrogen,  instead  of  1-1 0th  of 
azote,  as  the  French  chemists  state. 

Iodine  has  an  analogous  action  on  ammo- 
nia,—seizing  a  portion  of  its  hydrogen  to  form 
hydriodic  add,  whence  hydriodate  of  ammonia 
results ;  while  another  portion  of  iodine  unites 
vrith  the  liberated  nitrogen,  to  form  the  explo- 
sive pulverulent  iodide. 
,  Cyanogen  and  ammoniacal  gas  begin  to  act 
trpon  each  other  wheneverthey  come  into  con- 


tact, but  some  hours  are  requisite  to  render  the 
efiect  complete.  They  unite  in  the  propoiw 
tion  nearly  of  1  to  If*  forming  a  oompoand 
which  gives  a  dark  orange-brown  colour  to 
water,  but  dissolves  in  only  a  very  small  quan- 
tity of  water.  The  solution  does  not  produce 
Prussian  blue  with  the  salts  of  iron. 

By  transmitting  ammoniacal  gas  through 
charcoal  ignited  in  a  tube,  prussic  or  hydio*> 
cyanic  add  is  formed. 

'  T%e  action  of  the  alkaline  metals  on  gase^ 
ous  ammonia  is  very  curious.  When  potas:. 
slum  is  fused  in  that  gas,  a  very  fusible  olive* 
green  substance,  consisting  of  potassium, 
nitrogen,  and  ammonia,' is  formed;  and  a  vo^ 
lume  of  hydrogen  remains,  exactly  equal  to 
\rbat  would  result  from  the  action  on  water  of 
the  quantity  of  potassium  employed.  Hence^ 
according  to  M.  Thenard,  the  ammonia  is 
divided  into  two  portions.  One  is  decom- 
posed, so  that  its  nitrogen  combines  with  the 
potassium,  and  its  hydrogen  remains  free^ 
whilst  the  other  is  absori>ed  in  whole  or  in 
part  by  the  nitroguret  of  potassium.  Sodium 
acts  in  the  same  manner.  Tbe  olive  substance 
is  opaque,  and  it  is  only  when  in  plates  of  ex- 
treme thinness  that  it  appears  semitransparent. 
It  has  nothing  of  the  metallic  appearance ;  it 
is  heavier  than  water ;  and  on  minute  inspect 
tion  seems  imperfectly  crystallized,  "^^eii 
it  is  exposed  to  a  heat  progressively  increased; 
it  melts,  disengages  ammonia,  and  hydrogen, 
and  nitrogen,  in  the  proportions  constituting 
ammonia;  then  it  becomes  solid,  still  pr». 
serving  its  green  colour,  and  is  converted  into 
a  nitroguret  of  potassium  or  sodium.  Ex* 
posed  to  the  air  at  the  ordinary  temperature^ 
it  attracts  only  its  humidity  but  not  its  oxy- 
gen, and  is  slowly  transformed  into  ammoni- 
acal gas,  and  potuh  or  soda.  It  bums  vivid- 
ly when  projected  into  a  hot  crucible,  or  when 
heated  in  a  vessel  containing  oxygen.  Water 
and  adds  produce  also  suddm  decomposition, 
with  the  extrication  of  heat  Alkalis  or  al- 
kaline salts  are  produced.  Alcohol  likewise 
decomposes  it  with  similar  results.  The 
preceding  description  of  the  compound  of 
ammonia  with  potassium,  as  prepared  by 
MM.  Gay  Lussac  and  Thenard,  was  contro- 
verted by  Sir  H.  Davy. 

The  experiments  of  this  accurate  chemist 
led  to  the  conclusion,  that  the  presence  of 
moisture  had  modified  their  results.  In  prob^ 
portion  as  more  precautions  are  taken  to  keep 
every  thing  absolutely  dry,  so  in  proportion 
is  less  ammonia  regenerated.  He  seldom  ob- 
tained as  much  as  1-1 0th  of  the  quantity  ab- 
sorbed ;  and  he  never  could  procure  hydro- 
gen and  nitn^n  in  the  proportions  consti- 
tuting ammonia ;  there  was  always  an  excess 
<^  nitrogen.  The  following  experiment  was 
conducted  with  the  utmost  nicety.  3^  gr.  of 
potassium  were  heated  in  12  cubic  inches  of 
ammoniacal  gas;  7.5  were  absorbed,  and  3.2 
of  hydraigen  evolved.    On  distilling  tl^e  oltTOt 
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colound  flolid  in  a  tube  of  platins,  9  cubictl 
incibas  of  gas  were,giTen  oft,  and  half  a  cu- 
bical inch  nmained  in  the  tube  and  adapters. 
Of  the  9  cubical  inches,  l-dth  of  a  cubical 
inch  only  wss  ammonia :  10  measures  of  the 
permanent  gas  mixed  with  7.5  of  oxygen,  and 
acted  upon  by  the  electrical  spark,  left  a  re- 
aiduum  of  7.5.  He  infers  that  the  results 
of  the  analysis  of  ammonia,  by  electricity  and 
potassium,  are  the  same. 

On  the  whole  we  may  l^itimately  infer, 
that  there  is  something  yet  unexplained  in 
these  phenomena.  Tlie  potassium  separates 
irom  ammonia  as  much  hydrogen  as  an  equal 
wci^t  of  it  would  irom  water.  If  two  to- 
lumesof  hydrogen  be  thus  detached  from  the 
alkaline  gas,  the  remaining  volume,  with  the 
▼olume  of  nitrogen,  will  be  left  to  combine 
with  die  potassium,  forming  a  triple  com- 
pound somewhat  analogous  to  the  cyanides,*^ 
a  compound  cap^le  of  condensing  ammonia. 
For  an  account  of  a  singular  combination  of 
ammonia,  by  which  its  volatility  seems  d^ 
atroyed,  see  Chlorine. 

When  ammoniacal  gas  is  transmitted  over 
ignited  wires  of  iron,  copper,  platina,  &c  it 
is  decomposed  completely,  and  the  several 
metals,  when  thus  treated,  become  extremely 
brittle.  Iron,  at  the  same  temperature,  de- 
composes the  ammonia  wMi  double  the  r»> 
pidity  that  platinum  does.  At  a  high  tem- 
perature, the  protoxide  of  nitrogen  decom- 
poses ammonia. 

MBC  Savartand  Deq)retx  have  lately  shown, 
that  when  heated  metals  are  subjected  to  this 
action  of  ammoniacal  gas,  the  change  of 
freight  which  they  experience  is  considerable, 
in  consequence  of  combining  with  some  part 
of  the  ammonia.  M.  Desprets  states,  that 
the  weight  of  iron  is  sometimes  increased  as 
much  as  1 1.5  per  cent  in  such  an  experiment, 
in  consequence  of  the  combination  of  nitro- 
gen with  it.  If  the  temperature  applied  be 
too  high,  the  nitrogen  is  expelled,  and  the 
compound  destroyed. 

C6pper,  iron  and  platina,  are  diminished 
in  density,  after  they  have  been  employed  in 
decomposing  ammoniacal  gas  in  an  ignited 
tube. 

Of  the  ordinary  metals,  line  is  the  only 
one  which  liquid  ammonia  oxidises  and  then 
dissolves.  But  it  acts  on  many  of  the  me- 
tsUic  oxides.  At  a  high  temperature  the  gas 
deoxidises  all  those  which  are  reducible  by 
-hydrogen.  The  oxides  soluble  in  liquid  am- 
jnonia  are,— 4be  oxide  of  rinc,  the  protoxide 
and  peroxide  of  copper,  the  oxide  of  silver, 
.the  third  and  fourth  oxides  of  antimony,  the 
oxide  of  tellurium,  the  protoxides  of  nickel, 
cobalt  and  iron,  the  peroxide  of  tin,  mercury, 
gold,  and  platinum.  Hie  first  five  are  very 
soluble,  tlie  rest  less  so.  These  combinations 
can  be  obtained  by  evaporation,  in  the  dry 
atate,  only  with  copper,  antimony,  mercury, 
gold,  pbumum,  and. silvery  the  four^tstof 


which  are  very  remarkable  for  their  datomit- 
ing  property.     See  the  particular  metals. 

All  the  adds  are  susceptible  of  combiniag 
with  ammonia,  and  they  almost  all  form  with 
it  neutral  compounds.  M.  Gay  Lussac  made 
the  important  discovery,  that  whenever  the 
acid  is  gaseous,  its  combination  with  ammo- 
niacal gas  takes  place  in  a  simple  ratio  of  de^ 
terminate  volumes,  whether  a  neutral  or  a 
subsalt  be  formed. 

AMMONIACAL  SALTS  have  the  fol- 
lowing general  charactera  :— 

IsT,  When  treated  with  a  caustic  fixed  al- 
kali or  earth,  they  exhale  the  peculiar  smell 
of  ammonia. 

2dt  They  are  generally  soluble  in  water, 
and  crystalliable. 

3tlf  They  are  all  decomposed  at  a  moderate 
red  heat;  and  if  the  add  be  fixed,  as  the  phos- 
phoric or  boradc,  the  ammonia  comes  away 
pure. 

4itkj  When  they  are  dropped  into  a  solu- 
tion of  muriate  of  platina,  a  yellow  predpi- 
tate  falls. 

1.  jicetate.  This  saline  compound. vras 
formerly  called  the  Spirit  of  Mindererus,  who 
introduced  it  into  medicine  as  a  febrifuge 
sudorific.  By  saturating  a  pretty  strong  acetic 
acid  with  subcArbonate  of  ammonia,  endosing 
the  liquid  under  the  receiver  of  an  air-pump^ 
along  with  a  sauoerful  of  sulphuric  add,  and 
exhausting  the  air,  the  salt  will  concrete  in 
adcular  crystals,  which  are  nearly  neutral 
It  may  also  be  made  very  conveniently,  by 
mixing  hot  saturated  solutions  of  acetate  c^ 
lead,  and  sulphate  of  ammonia,  taking  100 
of  the  first  salt  in  iU  ordinary  state  to  34i.4 
of  the  second,  well  dried  at  a  heat  of  212^. 
Or  even  muriate  of  ammonia  vrill  answer  in 
the  proportion  of  27.9  to  100  of  the  acetate. 
Acetate  of  ammonia  has  a  cooling  sweetish 
taste.  •  It  is  deliquescent,  and  volatile  at  all 
temperatures;  but  it  sublimes  in  the  solid 
state  at  250^^.  It  consisto  of  75^  of  dry  acetic 
acid,  and  24^  ammonia.  When  intended  for 
medidne,  it  should  always  be  prepared  from 
pure  acetic  add  and  subcarbonate  of  am- 
monia. 

Arteniaie  of  ammonia  may  be  formed  by 
saturating  the  arsenic  add  with  nmmmiiy^ 
and  evaporating  the  liquid.  Crystals  of  a 
rhomboidal  prismatic  form  are  obtained.  A 
binarseniate  may  also  be  made  by  using  an 
excess  of  add.  At  a  red  heat,  the  ammonia 
of  both  salta  is  decomposed,  and  the  add  is 
reduced  to  the  metallic  state.  Under  the  !«. 
spective  adds,  an  account  of  several  ammonia- 
cal salto  will  be  found.  As  the  muriate,  how- 
ever, constitutes  an  extensive  manufiicture^ 
we  shall  enter  here  into  some  additional  de- 
tails concerning  ita  production. 

Sal  ammoniac  was  originally  fabricated  in 
Egypt  The  dung  of  camels  and  other  ani- 
mals constitutes  the  chief  fuel  used  in  that 
country.     The  ^oot  Is  careftilly  coUeetedL 
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Gkbular  gUot  tcswIs,  about  a  Ibot  in  dift- 
meier,  arc  filled  within  a  few  inches  of  their 
mouth  with  it,  and  are  then  «rnuiged  in  an 
oblong  furnace,  where  they  are  exposed  to  a 
beat  gradually  increased.  The  upper  part 
of  the  glass  balloon  stands  out  of  the  furnace^ 
and  is  kept  rehuaveiy  cool  by  the  air.  On 
the  third  day  the  operation  is  completed,  at 
which  time  they  plunge  an  iron  rod  occasion- 
ally into  the  mouths  of  tlie  glebes,  to  prevent 
them  from  closing  up,  and  thus  endanger  the 
bursting  of  the  glass. 

The  fire  is  allowed  to  go  out;  and  on 
breaking  the  cooled  globes,  their  upper  part 
is  found  to  be  lined  with  sal  ammoniac  in 
hemispherical  lumps,  about  2^  inches  thick, 
of  a  greyish-white  colour,  semitransparent, 
and  possessed  of  a  d^ree  of  elasticity.  26 
pounds  of  sooL  yield  6  of  sal  ammoniac  The 
ordinary  mode  of  manufacturing  sal  ammo- 
niac in  £urope,  is  by  combining  with  muri- 
atic acid  the  ammonia  resulting  from  the 
igneous  decomposition  of  animal  matters  in 
close  vessels.  Cylinders  of  cast-iron,  fitted 
up  as  we  have  described  under  Acetic  Acu), 
are  charged  with  bones,  horns,  paringsof  bides, 
and  other  animal  matters ;  and  being  exposed 
to  a  full  red  heat,  an  immense  quantity  of  an 
impure  liquid  carbonate  of  ammonia  distils 
ever.  Mr  Minish  contrived  a  cheap  method 
cf  converting  this  liquid  into  sal  ammoniac. 
He  digested  it  with  pulverized  gypsum,  or 
limply  made  it  percolate  through  a  stratum 
of  bruised  gypsum ;  whence  resulted  a  liquid 
sulphate  of  ammonia,  and  an  insoluble  car- 
bonate of  lime.  The  liquid,  evaporated  to 
dryness,  was  mixed  with  muriate  of  soda, 
put  into  large  glass  balloons,  and  decomposed 
by  a  subliming  heat  Sal  ammoniac  was 
found  above  in  its  characteristic  cake,  while 
■nlphate  of  soda  remained  below. 

M.  Leblanc  of  St  Denis,  near  Fsris,  in- 
vented another  method  of  much  ingenuity, 
which  is  described  by  a  commission  of  emi- 
nent French  chemists  in  tlie  19th  volume  of 
the  JnttaUu  de  Chinde^  and  in  the  J»iurnal 
de  Piiysiqfte  for  the  year  1794.  He  used 
tight  brick  kilns,  instead  of  iron  cylinders, 
for  holding  the  materials  to  be  decomposed. 
Into  one  he  put  a  mixture  of  common  salt 
and  (h1  of  vitriol ;  into  another,  annual  mat- 
ters. Heat  extricated  from  the  first  muriatic 
acid  gas,  and  from  the  second  ammonia; 
which  bodies  being  conducted  by  their  re^ 
■poctive  flues  into  a  third  chamber  lined  with 
lead,  and  containing  a  stratum  of  water  on 
its  bottom,  entered  into  combination,  and 
precipitated  in  solid  sal  ammoniac  on  the  roof 
and  ^es,  or  in  liquid  at  the  bottom. 

In  the  20th  volume  of  the  Annates,  a  plan 
for  employing  bittern  or  muriate  of  magnesia 
to  furnish  the  acid  ingredient  is  described. 
An  ingenious  process  on  the  same  principles 
was  some  time  ago  commenced  at  Borrow- 
aioanneBS  in  Scotland,  by  Mr  Astley.     He 


imbued  in  a  alove-rioomt  heated  by  brick  fiuoa, 
parings  of  skins,  horns,  and  other  animal 
matters,  with  the  muriate  of  magnesia,  or 
mother  water  of  the  sea-salt  works.  The 
matters  tlius  impregnated  and  dried  were 
subjected  in  a  close  kiln  to  a  red  heat,  when 
the  sal  ammoniac  vapour  sublimed,  and  was 
condensed  dther  in  a  solid  form  into  an 
acQoining  chamber  or  chimney,  or  dse  into  a 
stratum  of  water  on  its  bottom.  Muriate  of 
magnesia  at  a  red  beat  evolves  muriatic  add 
gas ;  an  evolution  probably  aided  in  the  pr»> 
sent  case  by  the  affinity  of  ammonia. 

From  coal  soot  likewise  a  considerable 
quantity  of  ammonia,  in  the  state  of  carbo- 
nate and  sulphate,  may  be  obtained,  either  by 
sublimation  or  lixiviation  with  water.  These 
ammoniacal  products  can  afterwards  be  readily 
converted  into  the  muriate,  as  above  describ- 
ed. M.  Leblanc  used  a  kettle  or  eolipile 
for  projecting  steam  into  the  leaden  chamber, 
to  promote  the  combination.  It  is  evident, 
that  the  exact  neutralisation  essential  to  aal 
ammoniac  might  not  be  hit  at  first  in  these 
operations;  but  it  could  be  afterwards  effect- 
ed by  the  separate  addition  of  a  portion  of 
alkaline  or  acid  gas.  As  the  mother  waters 
of  the  Cheshire  salt  works  contain  only  3{ 
per  cent  of  muriate  of  magnesia,  they  are  not 
suitable,  like  those  of  sea-salt  works,  for  the 
above  manufacture.     See  Salt. 

AMMONIAC  (GUM).  Tliis  is  a  gum 
resin,  which  consists,  according  to  Bracon* 
not,  of  70  resin,  18.4  gum,  4.4  glutinous 
matter,  6  water,  and  1.2  loss  in  100  parts. 
It  forms  a  milky  solution  with  water ;  is  paiw 
tially  soluble  in  alcohol;  entirely  in  ether, 
nitric  acid,  and  alkalis.  Sp.  gr.  1.200.  It 
has  rather  a  heavy  smell,  and  a  bitter-sweet 
taste.  It  is  in  small  agglutinated  pieces  of 
a  yellowish-white  colour.  It  is  usc^  in  in»> 
didne  as  an  expectorant  and  antispasmodic. 
AMMONITEa  lliese  petrifactions, 
which  have  likewise  been  distinguislied  by 
the  name  of  cornua  ammonUf  and  are  called 
tnake^itimes  by  the  vulgar,  consist  chiefly  of 
lime-stone.  They  are  found  of  all  sixes, 
from  the  breadth  of  half  an  inch  to  more 
than  two  feet  in  diameter;  some  of  them 
rounded,  others  greatly  compressed,  and 
lodged  in  different  strata  of  stones  and  claySk 
"Diey  appear  to  owe  their  origin  to  shells  of 
tlie  nautilus  kind. 

AMOMUM.     See  Fdiento. 

A  MP£L  I TE.  The  aluminous  ampelite 
is  the  alum  slate,  and  the  graphic^  the  gni»> 
phic  slate. 

AMPHIBOLE.    See  Hornblende,  and 

ACTYNOLITK. 

AMPHIBOLITE&  In  geology,  trap 
rocks,  the  basis  of  which  is  amphibole  or 
hornblende. 

AMPHIGENE.     See  VEmmAN. 

AMYGDALOID.  A  compound  mi. 
neraly  consiatiog  of  spheroidal  partides  of 
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€■  lithflBMi^gfy  gfcm  Mftby  cue  spsP)  ■ 
BtMtltei  imbedded  in  a  basis  of  fine-graioed 
grcemitone^  or  wacke,  containing  sometimes 
also  crjstaJs  of  hornblende. 

AMYLINE  or  AMYDINE.     Saussure 
exposed  a  solution  of  starch  in  tweWe  times 
its  weight  of  water  to  the  air,  in  a  shallow 
capsule,  for  two  years.     It  had  then  become 
a  grey  liquid,  covered  with  mould,  free  from 
smell,  anid  without  action  on  vegetable  blue 
colours.     The  starch  had  lost  nearly  one- 
lonrth  of  its  weight,  and  the  remainder  was 
converted  into  the  following  substances  :<^1. 
Sugar,  amounting  to  one-half  of  the  starch ; 
2,  Gum,  or  a  substance  analogous  to  it,  ob- 
tained by  roasting  starch;  3.  Amyline;  4. 
Starchy  lignine ;  5.  Lignine  mixed  with  char- 
coal.    AmyUne  is  intermediate  between  gum 
sod  starch.     It  is  soluble  in  boiling  water, 
and  the  solution  affords  by  evaporation  a  pale 
semitransparent  Inittle  substance,  insoluble 
in  alcohol,  but  soluble  in  ten  times  its  weight 
of  cold  water,  and  to  any  extent  in  water  at 
I44r^.     The  solution  becomes  a  white  paste 
with  subacetate  of  lead.     With  iodine  it  be- 
comes blu&     It  is  precipitated  by  baryta 
water,  but  not  by  lime  water,  potash,  soda, 
or^la.~PAi^  Trant^  1819. 

ANACARDIUM,  cashew  nut,  or  maric- 
ing  nut.  At  one  extremity  of  the  fruit  of 
the  cashew  tree  is  a  flattish  kidney-shaped 
nut,  between  the  rind  of  which  and  the  thin 
outer  shell  is  a  small  quantity  of  a  red,  thick- 
ish,  inflammable^,  and  very  caustic  liquor. 
This  liquor  forms  an  useful  marking  ink,  as 
any  thii^  written  on  linen  or  cotton  with  it 
ia  of  a  brown  colour,  which  gradually  grows 
blacker,  and  is  very  durable. 

ANALCIME.  Cubic  zeolite.  This  mi- 
neral is  generally  found  in  aggregated  or 
cubic  crystals,  whose  solid  angles  are  replaced 
by  three  planes.  Kztemal  lustre  between 
vitreous  and  pearly ;  fracture  flat  concboidal ; 
colours,  white,  grey,  or  reddish  ;  translucent. 
From  the  becoming  feeUy  electrical  by  heat 
it  has  got  the  name  analcime.  Its  sp.  gr.  is  • 
less  than  2.&  It  consists  of  58  silica,  18 
alumina,  2  lime,  10  soda,  8^  water,  and  ^ 
loss,  in  100  parts.  It  is  found  in  granite, 
gneiss,  trap  rocks  and  lavas,  at  Calton  Hill 
Edinburgh,  at  Talisker  in  Sky,  in  Dumbaiv 
tonshire,  in  the  Hartz,  Bohemia,  and  at  the 
Ferroe  Islands.  The  variety  found  at  Som- 
ma  has  been  called  sarcolite,  from  its  flesh 
colour. 

ANA  L  YSI S.  Chemical  analysis  consists 
of  a  great  variety  of  operations,  performed 
for  the  purposes  of  separating  the  component 
parts  of  bodies.  In  these  operations  the 
most  extensive  knowledge  of  such  properties 
of  bodies  as  are  already  discovered  must  be 
applied,  in  order  to  produce  simplicity  of 
dfoct,  and  certainty  in  the  results.  Chemi- 
cal analysis  cannot  be  executed  with  success 
bf  «ne  who  is  not  in  posi—ion  of  a  consid- 


erable number  of  dmple  substances  in  a  Male* 
of  great  purity,  which,  from  thenr  effects,  aia< 
called  reagents.  The  word  analysis  is  applied 
by  chemists  to  denote  that  series  of  operations! 
by  which  the  component  parts  of  bodies  aro 
determined,  whether  they  be  merely  separa- 
ted, or  exhibited  apart  from  each  other ;  or 
whether  these  distinctive  properties  be  ex- 
hibited by  causing  them  to  enter  into  new 
combinations.  The  forming  of  new  combi- 
nations is  called  synthesis ;  and,  in  the  chemi- 
cal examination  of  bodies,  analysis  or  separa- 
tion can  scarcely  ever  be  effected,  without 
synthesis  taking  place  at  the  same  time. 

As  most  of  the  improvements  in  the  science 
of  chemistry  consist  in  bringing  the  art  of 
analysis  nearer  to  perfection,  it  is  not  easy  to 
give  any  other  rule  to  the  learner,  than  the 
general  one  of  consulting  and  remarking  tho 
processes  of  the  best  chemists,  such  as  Scheele, 
Bergman,  Klaproth,  Kir  wan,  Vauquelin,  and- 
Berzelius.  The  bodies  which  present  them- 
selves more  IVequently  for  examination  than 
others  are,  minerals,  and  mineral  waters.  In 
the  examination  of  the  former,  it  was  the 
habit  of  the  earlier  chemists  to  avail  them- 
selves of  the  action  of  fire,  with  very  few 
humid  processes,  which  are  such  as  might  bo 
performed  in  the  usual  temperature  oS  the 
atmosphere.  Modem  chemists  have  improv- 
ed the  process  by  fire,  by  a  very  extensive  use 
of  the  blowpipe  (see  Blowpipe);  and  have 
succeeded  in  determining  the  component  parta 
of  minerals  to  great  accuracy  in  the  humid 
way.  For  the  method  of  analyzing  mineral 
waters,  see  Waters  (Mineral);  and  for 
the  analysis  of  metallic  ores,  see  Ores. 

Several  authors  have  written  on  die  ex-< 
amination  of  earths  and  stones. 

The^r<<  step  in  the  examination  of  indu- 
rated earths  or  stones,  is  somewhat  different 
from  that  of  such  as  are  pulverulent  Their 
specific  gravity  should  first  be  examined ;  also 
their  hardness,  whether  they  will  strike  fira 
with  steel,  or  can  be  scratched  by  the  nail, 
or  only  by  crystal,  or  stones  of  still  greater 
hardness ;  also  their  texture,  perviousness  to 
light,  and  whether  they  be  manifestly  homo- 
geneous  or  compound  species,  &c 

2d,  In  some  cases,  we  should  try  whether 
they  imbibe  water,  or  whether  water  can  ex- 
tract any  thing  from  them  by  ebullition  or 
digestion. 

dJ,  Whether  they  be  soluble  in,  or  effer- 
vesce with  acids,  before  or  afWr  pulverization ; 
or  whether  decomposable 'by  boiling  in  a 
strong  solution  of  potash,  &c.,  as  gypsums 
and  ponderous  spars  are. 

4<A,  Whether  they  detonate  with  nitre. 

bthf  Whether  they  yield  the  fluoric  acid  by 
distillation  with  sulphuric  add,  or  ammoimv 
by  distilling  them  with  potash. 

SlA,  Whether  they  be  ftisible  per  te  with 
ablowpipe^  and  howthey  areaffiecledby  soda. 
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faonxy.and  microooaiiic  nit;  .wad  whether,  endof UieeTapoiatioin,itassuine8ageladiioiis< 

they  decrepitate  when  gradually  heated.  coiuiatence.    At  this  period  it  must  be  stirred  * 

7th,  Stones  that  melt  per  u  with  the  blow-  frequently  with  a  platinum  spatuU  or  glass  . 

pipe  are  certainly  compound,  and  contain  at  rod,  to  promote  the  disengagement  of  the  • 

least  three  species  of  earth,  of  which  the  cal-  muriatic  acid  gas.     After  this,  the  heat  may 

careous  is  probably  one ;  and  if  they  give  fire  be  raised  to  fully  212°  F.  for  a  few  minutes, 

with  steel,  the  siliceous  is  probably  another.  •  Hot  water  b  now  to  be  poured  on  in  consi^ 

The  general  process  prescribed   by   the  derable  abundance,    which   dissolves  every- 

celebrat^  Vauquelin,  in  the  30th  volume  of  thing  except  the  silica.     By  filtration,  this 

the  Annates  de  Qiinde^  is  the  clearest  which  earth  is  separated  from  the  liquid ;  and  being 

has  yet  been  offered  to  the  chemical  studenL  edulcorated  with  hot  water,  it  is  then  dried. 

If  the  mineral  be  very  hard,  it  is  to  be  ignited,  and  weighed.     It  constitutes  a  fine 

ignited  in  a  covered  crucible  of  platinum,  and  white  powder,  insoluble  in  acids,  and  feeling  • 

then  plunged  into  cold  water,  to  render  it  gritty  between  the  teeth.     If  it  be  coloured, 

brittle  and  easily  pulverizable.     The  weight  a  litUe  dilute  muriatic  acid  must  be  digested 

should  be  noted  before  and  after  this  opera-  on  it,  to  remove  the  adhering  metallic  par- 

tion,  in  order  to  see  if  any  volatile  matter  has  ticles,  which  must  be  added  to  the  first,  solu- 

been  emitted.     For  the  purpose  of  reducing  tion.     This  must  now  be  reduced  by  evapo-  • 

stones  to  an  impalpable  powder,  little  mortars  ration  to  tlie  bulk  of  half  a  pint     Caibonate . 

of  highly  hardened  steel  are  now  made,  con-  of  potash  being  then  added  till  it  indicates - 

aisting  of  a  cylindrical  case  and  pestle.     A  alkaline  excess,  the  liquid  must  be  made  to 

mortar  of  agate  is  also  used  for  subsequent  boil  for  a  little.     A  copious  precipitation  of. 

levigation.     About  ten  grains  of  the  mineral  the  earth  and  oxides  is  thus  produced.     The  - 

should  be  treated  at  once ;  and  after  the  whole  whole  is  thrown  on  a  filter,  and  after  it  is  so 

100  grains  have  been  reduced  in  succession  drained  as  to  assume  a  semi-solid  consistence, 

to  an  impalpable  powder,   they  should  be  it  is  removed  by  a  platinum  blade,  and  l>oiled' 

weighed,  to  find  what  increase  may  have  been  in  a  capsule  for  some  time,  with  solution  of 

derived  from  the  substance  of  the  agate. .  pure  potash.     Alumina  and  glucina  are  thus  - 

This  addition  may  be  regarded  as  silica.  dissolved,  while  the  other  earths  and  the  me- 

Of  the  primary  eartlis,  only  four  are  usually  tallic  oxides  remain.  , 

met  with  in  minerals,  viz.  silica,  alumina*         This  alkalino-earthy  solution,   separated 

magnesia,  and  lime,  associated  with  some  me-  from  the  rest  by  filtration,  is  to  be  treated 

tallic  oxides,  which  are  commonly  iron,  man-,  with  an  excess  of  muriatic  acid ;  after  which- 

ganese,  nickel,  copper,  and  chromium.  carbonate  of  ammonia  being  added  also  in 

If  neither  acid  nor  alkali  be  expected  to  be  excess,  the  alumina  is  thrown  down,  while  the 

present,  the  mineral  is  mixed  in  a  silver  cm-  glucina  continues  dissolved.     The  first  eaitb 

cible,  with  thrice  its  weight  of  pure  potash  separated  by  filtration,  washed,  dried,  and 

and  a  little  water.    Heat  is  gradually  applied  ignited,  gives  the  quantity  of  alumina.     The 

to  the  covered  crucible,  and  is  finally  raised  nature  of  this  nuiy  be  further  demonstrated, 

to  redness ;  at  which  temperature  it  ought  to  by  treating  it  with  dilute  sulphuric  add  and 

be  maintained  for  an  hour.     If  the  mass,  on  sulphate  of  potash,  both  in  equivalent  quan- 

inspection,  be  a  perfect  glass,  silica  may  here-  titles,  when  the  whole  will  be  converted  into 

gaided  as  the  cliief  constituent  of  the  stone ;  alum.     (See  Alum. )    The  filtered  liquid  will 

but  if  the  vitrification  be  very  imperfect,  and  deposit  its  glucina,  on  dissipating  the  am- 

the  bulk  much  increased,  alumina  may  be  monia  by  ebullition.     It  is  to  be  separated 

supposed  to  predominate.     A  brownish  or  by  filtration,  to  be   washed,  ignited,  and- 

dull  green  colour  indicates  the  presence  of  weighed. 

iron ;  a  bright  grass-green,  which  is  imparted  The  matter  undissolved  by  the  digestion  of 
to  water,  Uiat  of  manganese ;  and  from  a  the  liquid  potash,  may  consist  of  lime,  mag- 
greenish-yellow,  chromium  may  be  expected,  nesia,  and  metallic  oxides.  Dilute  sulphuric 
The  crucible,  still  a  little  hot,  being  first  acid  must  be  digested  on  it  for  some  time, 
viped,  is  put  into  a  capsule  of  porcelain  or  The  solution  is  to  be  evaporated  to  dryness* 
platinum;  when  warm  distilled  water  is  and  heated,  to  expd  the  excess  of  acid.  Tlie 
poured  upon  the  alkaline  earthy  mass,  to  de-  saline  solid  matter  being  now  diffused  in  a 
tach  it  from  the  crucible.  Having  transferred  moderate  quantity  of  water,  the  sulphate  o£ 
the  whole  of  it  into  the  capsule,  muriatic  acid  magnesia  will  be  dissolved,  and,  along  with 
is  poured  on,  and  a  gentle  heat  applied,  if  the  metallic  sulphates,  may  be  separated  from- 
necessary,  to  accomplish  its  solution.  If  the  the  sulphate  of  lime  by  the  filter.  The  latter 
liquid  be  of  an  orange-red  colour,  we  infer  being  washed  with  a  little  water,  dried,  ig- 
thepresenceofiron;  if  of  agolden  yellow,  that  nited,  and  weighed,  gives,  by  the  scale  of 
of  diromium ;  and  if  of  a  purplish-red,  that  of  equivalents,  the  quantity  of  lime  in  the  mine- 
manganese.  The  solution  is  next  to  be  eva-.  nd.  The  magnesian  and  metallic  solution, 
poratod  to  dryness  on  a  sand  bath,  or  over  a  being  diluted  with  a  large  quantity  of  water, 
Vunp,  taking  care  so  to  regulate  the  heat  that  is  to  be  treated  with  bicarbonate  of  potash, 
no  pariddes  be  thrown  out      Towards  the  vliich  will  precipitate  the  nickfil,  .iron,  and> 
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^ramiUiD,  but  retain  the  magncua  and  dian-' 
ganese,  by  the  excess  of  carbonic  add.  Hy- 
droaulphuret  of  potash  will  throw  down  the 
■umganese  from  the  magnesian  solution. 
Hie  addition  of  pure  potash,  aided  by  gentle 
ebullition,  will  then  precipitate  the  magnesia. 
The  oxide  of  manganese  may  be  freed  from 
the  sulphuretted  hydrogen,  by  ustulation. 

The  mingled  metallic  oxides  must  be  di- 
gested with  abundance  of  nitric  add,  to  aci- 
dify the  chromium.  The  liquid  is  next  treated 
with  potash,  which  forms  a  soluble  chromate, 
while  it  throws  down  the  iron  and  nickel. 
The  chromic  acid  may  be  separated  from  the 
potash  by  muriatic  add  and  digestion  with 
beat,  washed,  dried  till  it  become  a  green 
oxide,  and  weighed.  Hie  nickel  is  separated 
from  the  iron,  by  treating  their  solution  in 
muriatic  add  with  water  of  ammonia.  The 
latter  oxide,  which  falls,  may  be  separated  by 
the  filter,  dried  and  wdghed.  By  evaporat- 
ing the  hquid,  and  exposing  the  dry  residue 
to  a  moderate  heat,  the  ammoniacal  salt  will 
sublime^  and  leave  the  oxide  of  nickel  behind. 
The  whole  separate  weights  must  now  be  col- 
lected in  one  amount,  and  if  they  constitute 
a  sum  within  two  per  cent  of  the  primitive 
weight,  the  analysis  may  be  regarded  as  giving 
a  satisfactory  account  of-  the  composition  of 
the  mineral.  But  if  the  defidency  be  con- 
siderable, then  some  voktile  ingredient,  or 
some  alkali  or  alkaline  salt,  may  be  suspected. 

A  portion  of  the  mineral  broken  into  small 
fragments,  is  to  be  ignited  in  a  porcelain  re- 
tort, to  which  a  refrigerated  recdver  is  fitted. 
The  water,  or  other  volatile  and  condensable 
matter,  if  any  be  present,  will  thus  be  ob- 
tained. Bat  if  no  loss  of  weight  be  sustained 
by  ignilion,  alkali,  or  a  volatile  acid,  may  be 
looked  for.  The  Utter  is  usually  the  fluoric. 
It  may  be  expelled  by  digestion  with  sulphu- 
ric add.  It  is  exactly  characterixed  by  its 
property  of  corroding  glass. 

Beside  this  general  method,  some  others 
may  be  used  in  particular  cases. 

Thus,  to  discover  a  small  proportion  of 
alumina  or  nuignesia  in  a  solution  of  a  large 
quantity  of  lime,  pure  ammonia  may  be  ap- 
plied, which  will  precipitate  the  alumina  or 
magnesia  (if  any  be),  but  not  the  lime.  Dis- 
tilled vinegar  applied  to  the  precipitate  will 
discover  whether  it  be  alumina  or  magnesia. 

2d/y,  A  minute  portion  of  lime  or  bar3^ 
in  a  solution  of  alumina  or  magnesia,  may 
be  discovered  by  the  sulphuric  add,  which 
predpitates  the  lime  and  baryta :  the  solution 
should  be  dilute,  else  the  alumina  also  would 
be  predpiuted.  If  there  be  not  an  excess  of 
add,  the  oxalic  add  is  still  a  nicer  test  of  lime : 
100  grains  of  gypsum  contain  about  33  of 
lime ;  100  grains  of  sulphate  of  baryta  con- 
tain 66  of  baryta ;  100  grains  of  oxalate  of 
Imw  contain  43.8  of  lime.  The  insolubiUty 
of.  sulphate  of  baryta  in  500  times  its  wdgbt 
1^  boiling  water,  suffidcntly  distinguishes  it 


From  th^se  data  the  quantities  are  easily  iiU* 
vestigated. 

3dfy,  A  minute  proportion  of  aluz|iina  in 
a  large  quantity  of  magneda  may  be  dia- 
covered,  dther  by  predpitating  the  whole, 
and  treating  it  with  distilled  vinegar ;  or  by 
heating  the  solution  nearly  to  ebullition,  and 
adding  more  carbonate  of  magnesia  until  the 
solution  is  perfectly  neutral,  which  it  never  is 
when  alumina  is  contained  in  it,  as  this  re- 
quires an  excess  of  add  to  keep  it  in  solution. 
By  these  means  the  alumina  is  predpitated  in 
the  state  of  embryon  alum,  which  contains 
about  half  its  wdgbt  of  alumina;  (or,  fl(fr 
greater  exactness,  it  may  be  decon^posed  by 
boiling  it  in  volatile  alkidi).  After  the  pre- 
dpitation  the  solution  should  be  largely  di- 
luted, as  the  sulphate  of  magnesia,  which  re- 
mained in  solution  while  hot,  would  predpi- 
tate  when  cold,  and  mix  with  the  embryon 
alum. 

iiA/y,  A  minute  portion  of  magnesia  in  a 
large  quantity  of  alunu'na  is  best  separated  by 
predpitating  the  whole,  and  treating  the  pr&- 
dpitate  with  distilled  vinegar. 

Lasllifi  Lime  and  baryta  are  separated  by 
predpitating  both  with  the  sulphuric  add, 
and  evaporating  the  solution  to  a  small  com- 
pass, pouring  off  the  liquor,  and  treating  the 
dried  predpitate  with  £4X)  times  its  wdgbt  of 
boiling  water :  what  remains  undissolved  is 
sulphate  of  baryta. 

The  inoonveniendes  of  employing  much 
heat  are  obvious,  and  M.  Lowita  informs  us 
that  they  may  be  avoided  without  the  least 
disadvantage.  Over  the  flame  of  a  spirit 
lamp,  that  will  hold  an  ounce  and  a  half,  and 
is  placed  in  a  cylindrical  tin  furnace,  four 
inches  high  and  three  in  diameter,  with  aiiv 
holes,  and  a  cover  perforated  to  hold  the  cru- 
dble,  he  boils  the  stone  prepared  as  directed 
above,  stirring  it  frequently.  His  crudble^ 
which,  as  well  as  the  spatula,  is  of  very  fine 
silver,  holds  two  ounces  and  a  half,  or  three 
ounces.  As  soon  as  the  matter  is  bdled  dry, 
he  pours  in  as  much  hot  water  as  he  used  at 
first ;  and  this  he  repeats  two  or  three  times 
more,  if  the  refractoriness  of  the  fossil  require 
it.  Large  tough  bubbles  arising  during  the 
boiling,  are  in  general  a  sign  that  the  process 
will  be  attended  with  success.  Even  the 
sapphire,  though  the  most  refractory  of  all 
M.  Lowiu  tried,  was  not  more  so  in  this* 
than  in  the  dry  way. 

Sir  H.  Davy  observes,  that  boradc  add  is 
very  useful  in  analysing  stones  that  contain  a 
fixed  dkali ;  as  its  attraction  for  the  different 
earths  at  the  heat  of  ignition  is  considerable^ 
and  the  compounds  it  forms  with  them  are 
easily  decomposed  by  the  mineral  adds  dis- 
solved in  water.  His  process  is  as  follows : 
Let  100  grains  of  the  stone  to  be  examined. 
be  reduc^  to  a  fine  powder,  mixed  with  200 
grains  of  boradc  acid,  and  fused  for  about, 
half  an  hour  at  a  strong  red  heat  in  a  cradble 
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of  pktiiui  or  silver.  Digest  the  fused  mass  in 
«)  ounce  and  half  of  nitric  add,  diluted  witli 
seven  or  eigiit  times  the  quantity  of  water, 
till  the  whole  is  decomposed ;  and  then  eva- 
porate the  solution  till  it  is  reduced  to  an 
ounce  and  half,  or  two  ounces.  If  the  stone 
contained  silei,  it  will  separate  in  this  process, 
and  must  be  collected  on  a  filter,  and  edulco- 
rated with  distilled  water  to  separate  the  sa- 
line matter.  The  fluid,  mixed  with  all  the 
water  that  has  been  passed  through  the  filter, 
being  evaporated  till  reduced  to  about  half  a 
pint,  is  to  be  saturated  with  carbonate  of  am- 
monia, and  boiled  with  an  excess  of  this  salt, 
till  all  that  will  precipitate  has  fallen  down. 
The  earths  and  metallic  oxides  being  sepa- 
rated by  filtration,  mix  nitric  acid  with  the 
clear  fluid  till  it  has  a  strongly  sour.taste,  and 
then  evaporate  till  the  boracic  acid  remains 
free.  Filter  the  fluid,  evaporate  it  to  dryness, 
and  expose  it  to  a  heat  of  460°  F.,  when  the 
nitrate  of  ammonia  will  be  decomposed,  and 
the  nitrate  of  potash  or  soda  will  remain  in  the 
vessel.  The  earths  and  metallic  oxides  that 
remained  on  the  filter,  may  be  distinguished 
by  the  common  processes.  The  alumina  may 
be  separated  by  solution  of  potash,  the  lime  by 
sulphuric  acid,  the  oxide  of  iron  by  succinate 
of  ammonia,  the  manganese  by  hydrosulphuret 
of  potash,  and  the  magnesia  by  pure  soda. 

Lately,  carbonate  or  nitrate  of  baryta,  and 
carbonate  with  nitrate  of  lead,  have  been  in- 
troduced into  mineral  analysis  with  great  ad- 
vantage, for  the  fluxing  of  stones  that  may 
contain  alkaline  matter.  See  Mr  Children's 
Translation  of  M.  Hienard's  volume  on 
analysis. 

'  M.  Berthier  shows,  that  the  ready  fusion 
of  certain  atomic  mixtures  of  salts,  may  be 
applied  to  the  analysis  of  siliceous  minerals 
by  alkaline  carbonates,  aided  by  a  spirit  lamp. 
A  mixture  of  five  parts  of  cariK>nate  of  pot- 
assa,  and  four  parts  of  carbonate  of  soda,  is 
so  fusible,  that  between  200  and  300  grains 
may  be  rendered  perfectly  liquid  by  a  spirit 
flame.  If  sand  be  added  to  the  mixture, 
there  is  an  effervescence  as  lively  as  if  add 
had  been  added.  The  operation  should, 
therefore,  commence  with  the  mixture  of  the 
carbonates  and  the  mineral.  In  this  manner, 
insoluble  quantities  of  felspar  may  be  readily 
decomposed  by  the  heat  of  a  spirit  of  wine 
lamp. 

M.  Berzelius  has  very  recently  employed 
fluoric  add  in  a  most  ingenious  manner  for  the 
analysis  of  siliceous  minerals.  In  extracting 
lithta,  for  example,  from  tripbane  or  spodu- 
mene,  he  mixes  the  mineral,  in  powder,  with 
twice  its  weight  of  pulverised  fluor-spar,  and 
with  sulphuric  add ;  he  then  heats  the  mix- 
ture so  that  the  fluoric  add  shall  carry  off  the 
silica  in  the  form  of  fluosilidc  add  gas,  and 
be  afterwards  separates  the  sulphate  of  lithia 
from  the  residuary  matter  by  solution. 

Under  the  head  of  mineral  analysis,  nothing 


is  of  so  much  general  importance  as  the  eia- 
mination  of  soils,  with  a  view  to- the  improve- 
ment  of  such  as  are  less  productive,  by  sup- 
plying the  ingredients  they  want  in  due 
proportions  to  increase  their  fertility.  To 
Lord  Dundonald  and  Mr  Kirwan  we  are 
much  indebted  for  their  labours  in  this  field 
of  inquiry ;  but  Sir  H.  Davy,  assisted  by  the 
labours  of  these  gentlemen,  the  facts  and  ob- 
servations of  Mr  Young,  and  his  own  skill 
in  chemistry,  having  given  at  large,  in  a 
manner  best  adapted  for  the  use  of  the  prac- 
tical farmer,  an  account  of  the  methods  to  be 
pursued  for  this  purpose,  we  shall  here  copy 
them. 

The  substances  found  in  soils  are  certain 
mixtures  or  combinations  of  some  of  the 
primitive  earths,  animal  and  vegetable  matter 
in  a  decomposing  state,  certain  saline  com- 
pounds, and  the  oxide  of  iron.  These  bodies 
always  retain  water,  and  exist  in  very  different 
proportions  in  different  lands,  and  the  end  of 
analytical  experiments  is  the  detection  of  thdr 
quantities  and  mode  of  union. 

The  earths  commonly  found  in  soils  are 
prindpally  silex,  or  tlie  earth  of  flints ;  alu- 
mina, or  the  pure  matter  of  clay ;  lime,  or 
calcareous  earth ;  and  magnesia :  for  the  cha- 
racters of  which  see  the  anides.  Silex  com- 
poses a  considerable  part  of  hard  gravelly 
soils,  hard  sandy  soils,  and  hard  stony  lands. 
Alumina  abounds  most  in  clayey  soils,  and 
clayey  loams ;  but  even  in  the  smallest  par- 
ticles of  these  soils  it  is  generally  united  with 
silex  and  oxide  of  iron.  Lime  always  exists 
in  soils  in  a  state  of  combination,  and  chiefly 
with  carbonic  add,  when  it  is  called  carbonate 
of  lime.  This  cariionate  in  its  hardest  state  is 
marble ;  in  its  softest,  chalk.  Lime  united 
with  sulphuric  acid  is  sulphate  of  lime,  or 
gypsum ;  with  phosphoric  add,  phosphate  of 
lime,  or  the  earth  of  bones.  Carbonate  of 
lime,  mixed  with  other  substances,  composes 
chalky  soils  and  marls,  and  is  found  in  soft 
sandy  soils.  Magnesia  is  rarely  found  in 
soils ;  when  it  is,  it  is  combined  with  carbonic 
add,  or  with  silex  and  alumina.  Animal 
decomposing  matter  exists  in  different  states, 
contains  much  carbonaceous  substance,  vo- 
latile alkali,  inflammable  aeriform  products, 
and  carbonic  add.  It  is  found  chiefly  in 
lands  lately  manured.  Vegetable  decom* 
posing  matter  usually  contains  still  more  car- 
bonaceous substance,  and  differs  from  tlie 
preceding,  prindpally,  in  not  produdng  vo- 
latile alkalL  It  forms  a  great  proportion  of 
all  peats,  abounds  in  rich  mould,  and  is  found 
in  larger  or  smaller  quantities  in  all  lands. 
The  saline  compounds  are  few,  and  in  small 
quantity :  they  are  chiefly  muriate  of  soda, 
or  common  salt,  sulphate  of  magnesia,  mu- 
riate and  sulphate  of  potash,  nitrate  of  lime^ 
and  the  mild  alkalis.  Oxide  of  iron,  which 
is  the  same  with  the  rust  produced  by  ez-* 
posing  iron  to  air  and  water,  is  found  in  all 
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but  moit  abundantly  in  red  and  yeUow 
dajfly  and  red  and  yellow  siliceous  sands. 

'Vhe  instruments  requisite  for  the  analysis 
of  soils  are  few.  A  pair  of  scales  capable  of 
bdding  a  quarter  of  a  pound  of  common  8oil» 
and  turning  with  a  single  grain  when  loaded : 
A  set  of  weights,  from  a  quarter  of  a  pound 
troy  to  a  grain :  a  wire  sieve,  coarse  enough  to 
let  a  pepper-corn  pass  through :  an  Argand 
lamp  land  stand :  a  few  glass  bottles,  Hessian 
crucibles,  and  china  or  queen's  ware  evapo- 
rating bsoins :  a  Wedgwood  pestle  and  mor- 
tar: some  filters  made  of  half  a  sheet  of 
blotting  paper,  folded  so  as  to  contain  a  pint 
of  liquid!,  and  greased  at  the  edges :  a  bone 
knife;  and  an  apparstus  for  collecting  and 
measuring  aeriform  fluids. 

The  reagents  necessary  are  muriatic  acid, 
sulphuric  acid,  pure  volatile  alkali  dissolved 
in  water,  solution  of  prussiate  of  potash, 
soap  lye,  and  solutions  of  carbonate  of  am- 
monia, muriate  of  ammonia,  neutral  cart>o- 
nate  ot  potash,  and  nitrate  <»f  ammonia. 

I.  When  the  general  nature  of  the  soil  of 
a  field  is  to  be  ascertained,  specimens  of  it 
should  be  taken  from  difierent  places,  two 
or  three  inches  below  the  surface,  and  ez»- 
■lined  as  to  the  similarity  of  their  properties. 
It  sometimes  happens,  that  on  plains  the 
whole  of  the  upper  stratum  of  the  land  is  of 
the  same  kind,  and  in  this  case  one  analysis 
will  be  sufficienL  But  in  vallejrs,  and  near 
the  beds  of  rivers,  there  are  very  great  dii&r- 
cocea,  and  it  now  and  then  occurs,  that  one 
part  of  a  field  is  calcareous,  and  another  part 
siliceous;  and  in  this  and  analogous  cases, 
the  portions  different  from  eadi  other  should 
be  aiialysed  separately.  Soils  when  collect- 
ed, if  they  cannot  be  examined  immediately, 
should  be  preserved  in  phials  quite  filled  with 
them,  and  closed  with  ground  glaiis  stopples. 
The  most  convenient  quantity  for  a  perfect 
analysis  is  from  two  hundred  grains  to  four 
hundred.  It  should  be  collected  in  dry  wea- 
ther, and  exposed  to  the  air  till  it  feels  dry. 
Its  specific  gravity  niay  be  ascertained,  by 
introducing  into  a  (rfiial,  which  will  contain  a 
known  quantity  of  water,  equal  bulks  of  water 
and  of  the  soil ;  which  may  easily  be  done 
by  pouring  in  water  till. the  phial  is  half  full, 
aiid  then  adding  the  soil  till  the  fluid  rises 
to  the  mouth.  The  diffSnrence  between  the 
weight  of  the  water  and  that  of  the  soil,  will 
give  the  result.  Hius,  if  the  bottle  will  con- 
tain four  hundred  grains  of  water,  and  gains 
two  hundred  grains  when  half  filled  with 
water  and  half  with  soil,  the  specific  gravity 
of  the  soil  will  be  2 ;  that  is,  it  will  be  twice 
as  heavy  as  water :  and  if  it  gained  one  hun- 
dred and  sixty-five  grains,  its  specific  gravity 
would  be  182d»  water  being  1000.  It  is  of 
importance  that  the  specific  grarity  of  a  soil 
Aottld  be  known,  as  it  aflfords  an  indication 
of  the  quantity  of  animal  and  vegetable  mat* 
ler  it  contains;  these  tubatances  being  alw^ps 


most  abundant  in  the  lighter  soils.  Tkb 
other  physical  properties  of  soils  should  like- 
wise be  examined  before  the  analysis  is  made^ 
as  they  denote,  to  a  certain  extent,  their  com- 
position, and  serve  as  guides  in  directing  the 
experiments.  Thus,  siliceous  soils  are  gene- 
rally rough  to  the  touch,  and  scratch  glass 
when  rubbed  upon  it;  aluminous  soils  ad- 
here strongly  to  the  tongue,  and  emit  a 
strong  earthy  smell  when  breathed  upon; 
and  calcareous  soils  are  soft,  and  much  lesa 
adhesive  than  aluminous  soils. 

2.  Soils,  when  as  dry  as  they  can  be  made 
by  exposure  to  the  air,  still  retain  a  consider- 
able quantity  of  water,  which  adlieres  with 
great  ointinacy  to  them,  and  cannot  lie  driven 
off  without  considerable  heat :  and  the  first 
process  of  analysis  is  to  free  them  from  as 
much  of  this  water  as  possible,  without  affect- 
ing their  composition  in  other  respects.  This 
may  be  done  by  heating  the  soil  for  ten  or 
twelve  minutes  in  a  china  basin  over  an 
Argand  lamp,  at  a  temperature  equal  to 
30(M^  F. ;  and  if  a  thermometer  be  not  used, 
the  proper  degree  of  heat  may  easily  be  ascer- 
tained by  keeping  a  piece  of  wood  in  the  basia 
in  contact  with  iu  bottom ;  for  as  long  as  the 
colour  of  the  wood  remains  unaltered,  the  beat 
is  not  too  high ;  but  as  soon  as  it  begins  to  be 
charred,  the  process  must  be  stopped.  In 
several  experiments,  in  which  Sir  U.  Davy 
collected  the  water  that  came  over  at  tbia 
degree  of  heat,  he  found  it  pure,  without  any 
sensible  quantity  of  other  volatile  matter 
being  produced.  The  loss  of  weight  in  this 
process  must  be  carefully  noted ;  and  if  it 
amount  to  50  grains  in  400  of  the  soil,  this 
may  be  considered  as  in  the  greatest  degree 
absorbent  and  retentive  of  water,  and  will 
generally  be  found  to  contain  a  large  pro- 
portion of  aluminous  earth.  If  the  loss  be 
not  more  than  10  or  20  grains,  the  land  may 
be  considered  as  slightly  absorbent  and  re- 
tentive, and  the  siliceous  earth  as  most  abun- 
dant. 

S.  None  of  the  loose  stones,  gravel,  or 
large  v^etable  fibres,  should  he  separated 
from  the  soil,  till  the  water  is  thus  expelled  ; 
for  these  bodies  are  oflen  highly  abMrbent 
and  retentive,  and  consequently  influence  the 
fertility  of  the  land.  But  after  the  soil  has 
been  heated  as  above,  these  should  be  sepa- 
rated by  the  sieve,  after  the  soil  has  been 
gently  bruised  in  a  mortar.  The  weights  of 
the  vegetable  fibres  or  wood,  and  of  the 
gravel  and  stones,  should  be  separately  noted 
down,  and  the  nature  of  the  latter  ascertain* 
ed :  if  they  be  calcareous,  they  will  effervesce 
with  acids;  if  siliceous*  they  will  scratch 
glass ;  if  aluminous,  they  will  be  soft,  easily 
scratched  with  a  knifes  and  incapable  of  ef- 
fervescing with  acids. 

4.  Most  soils,  besides  stones  and  gravely 
contain  laiger  or  smaller  proportions  of  sand 
of  different  degrees  of  finencis ;  and  the  next 


ANALYSIS. 


160 


ANALTSia 


Operadon  necenary  is  to  separate  this  sand 
from  the  parts  more  minutely  difided,  such 
as  clay,  loam,  marl,  and  vegetable  and  animal 
matter.  This  may  be  done  sufficiently  by 
mixing  the  soil  well  with  water ;  as  the  coarse 
sand  will  generally  fall  to  the  bottom  in  the 
space  of  a  minute,  and  the  finer  in  two  or 
three :  so  that  by  pouring  the  water  off  after 
one,  two,  or  three  minutes,  the  sand  will  be 
for  the  most  part  separated  from  the  other 
substances ;  which,  with  the  water  containing 
them,  must  be  poured  into  a  filter.  After 
the  water  has  passed  through,  what  remains 
on  the  filter  must  be  dried  and  weighed,  as 
must  also  the  sand;  and  their  respecdve 
quantities  must  be  noted  down*  The  water 
must  be  presenred,  as  it  will  coritain  the  saUne 
matter,  and  the  soluble  animal  or  vegetable 
matter,  if  any  existed  in  the  soil. 

5.  A  minute  analysis  of  the  sand  thus  se- 
parated is  seldom  or  never  necessary,  and  its 
nature  may  be  detected  in  the  same  way  as 
that  of  the  stones  and  graveL  It  is  always 
siliceous  sand,  or  calcareous  sand,  or  both 
together.  If  it  consist  wholly  of  carbonate 
of  lime»  it  will  dissolve  rapidly  in  muriatic 
acid  with  effervescence;  but  if  it  consist 
partly  of  tliis  and  partly  of  siliceous  matter, 
a  residuum  will  be  left  after  the  acid  has 
ceased  to  act  on  it,  the  acid  being  added  till 
the  mixture  has  a  sour  taste^  and  has  ceased 
to  effervesce.  This  residuum  is  the  siliceous 
part;  which  being  washed,  dried,  and  heated 
strongly  in  a  crucible,  the  difference  of  its 
weight  from  that  of  the  whole,  will  indicate 
the  quantity  of  the  calcareous  sand. 

6.  The  finely  divided  matter  of  the  soil  is 
usually  very  compound  in  its  nature:  it 
sometimes  contains  all  the  four  primitive 
earths  of  soils,  as  well  as  animal  and  vege- 
table matter ;  and  to  ascertain  the  proportions 
6f  these  with  tolerable  accuracy,  u  the  roost 
difficult  part  of  the  subject.  The  first  pro- 
cess  to  be  performed  in  this  part  of  the  ana- 
lysis, is  the  exposure  of  the  fine  matter  of  the 
ioil  to  the  action  of  muriatic  add.  This 
acid,  diluted  with  double  its  bulk  of  water, 
should  bte  poured  upon  the  earthy  matter  in 
an  evaporating  basin,  in  a  quantity  equal  to 
twice  the  weight  of  the  earthy  matter.  Tlie 
mixture  should  be  often  stirred,  and  suffered 
to  remain  for  an  hour,  or  an  hour  and  a  half, 
before  it  is  examined.  If  any  carbonate  of 
time,  or  of  magnesia,  exist  in  the  soil,  they 
will  have  been  dissolved  in  this  time  by  the 
acid,  which  sometimes  takes  up  likewise  a 
little  oxide  of  iron,  but  very  seldom  any 
alumina.  The  fluid  should  be  passed  through 
a  filter ;  the  solid  matter  collected,  washed 
with  distilled  or  rain  water,  dried  at  a  modcu 
rate  heat,  and  wdgbed.  Its  loss  will  denote 
the  quantity  of  solid  matter  taken  up.  The 
washings  must  be  added  to  the  solution; 
whieh,  if  not  sour  to  the  taste,  must  be  made 
so  by  the  addition  of  fresh  add ;  and  a  little 


solution  of  prussiate  of  potadi  must  be  tnixed 
with  the  liquor.     If  a  blue  predpitate  Qccur^ 
it  denotes  the  presence  of  oxide  of  iron,  and 
the  solution  of  the  prussiate  must  be  dropped 
in,  till  no  further  effect  is  produced.     To 
ascertain  its  quantity,  it  must  be  collected  on 
a  filter  in  the  same  manner  as  the  other  solid 
predpitates,  and  heated  red:  the  result  will 
be  oxide  of  iron.   .  Into  the  fluid  freed  from 
oxide  of  iron,  a  solution  of  carbonate  pf 
potash  must  be  poured,  till  all  effervescence 
ceases  in  it,  and  till  its  taste  and  smell  indi- 
cate a  considerable  excess  of  alkaline  salt. 
The  predpitate  that  falls  down  is  carbonate 
of  lime,  which  must  be  collected  on  a  filter^ 
dried  at  a  heat  below  that  of  redness,  and 
afterwards  weighed.     The  remaining  fluid 
must  be  boiled  for  a  quarter  of  an  hour,  when 
the  magnesia,  if  there  be  any,  will  be  pre- 
dpitated  combined  with  carbonic  add ;  and 
its  quantity  must  be  ascertained  in  the  same 
manner  as  that  of  the  carbonate  of  lime.     If 
any  minute  proportion  of  alumina  should, 
from  peculiar  drcumstances,  be  dissolved  by 
the  add,  it  will  be  found  in  the  predpitate 
with  the  carbonate  of  lime,  and  it  may  be 
separated  from  it  by  boiling  for  a  few  minutes 
with  soap  lye  suffident  to  cover  the  solid 
matter :  for  this  lye  dissolves  alumina,  with- 
out acting  upon  carbonate  of  lime.     Should 
the  finely  divided  soil  be  sufficientiy  calcare- 
ous  to  effervesce  very  strongly  with  adds,  a 
simple  method  of  ascertaining  the  quantity 
of  carbonate  of  lime,  suffidentiy  accurate  in 
all  common  cases,  may  be  adopted.     As  car- 
bonate of  lime  in  all  its  states  contains  a  de- 
terminate quantity  of  add,  which  is  about 
44  parts  in  a  hui\dred  by  weight,  the  quanti- 
ty of  this  add  given  out  during  the  efferves- 
cence occasioned  by  its  solution  in  a  stronger 
add,  will  indicate  the  quantity  of  carbonate 
of  lime  present.     Thus,  if  you  wdgh  sepa- 
rately one  part  of  the  matter  of  the  soil,  and 
two  parts  of  the  add  diluted  with  an  equal 
quantity  of  water,  and  mix  the  add  slowly  in 
small  portions  with  the  soil,  till  it  ceases  to 
occasion  any  effervescence,— by  wdghing  the 
mixture,  and  the  add  that  remains,  you  will 
find  the  quantity  of  carbonic  add  lost ;  and 
for  every  four  grains  and  half  so  lost,  you 
will  estimate  ten  grains  of  carbonate  of  lime. 
You  may  also  collect  the  carbonic  add  in  the 
pneumatic  ajtparatut  /or  the  analysit  oftoUt^ 
described  in  the  article  Laboratory;  and 
allow  for  every  ounce  measure  of  the  carbonic 
add,  two  grains  of  carbonate  of  lime. 

7.  The  quantity  of  insoluble  animal  and 
vegetable  matter  may  next  be  ascertained 
with  sufficient  precision,  by  heating  it  to  a 
strong  red  heat  in  a  crudble  over  a  common 
fire^  till  no  blackness  remains  in  the  mass, 
stirring  it  frequentiy  meanwhile  with  a  me- 
tsllic  wire.  The  loss  of  wdght  will  ascertain 
the  quantity  of  animal  and  vegetable  matter 
there  wa%  but  not  the  proportions  of  cadi.    If 
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^  MoeQ  wfngttcd,  duriog  this  process^  resem^  much  powdered  charcoal,  and  kept  at  a  red 

ble  that  of  burnt  feathers,  it  is  a  certain  indi-  heat  in  a  cnidble  for  half  an  hour.     The 

cation  <^the  presence  of  some  animal  matter ;  mixture  must  then  be  boOed  a  quarter  of  an 

and  a  copious  blue  flame  almost  always  de-  hour  in  half  a  pint  of  water,  and  the  solu^ 

notes  a  considerable  proportion  of  vegetable  tion,  being  filtered,  exposed  some  days  to  the 

matter.     Nitrate  of  ammonia,  in  the  proper-  open  air.     If  any  notable  quantity  of  suU 

tion  of  twenty  grains  to  a  hundred  of  the  re-  phate  of  lime,  or  gypsum,  existed  in  the  soil, 

siduum  of  the  soil,  will  greatly  accelerate  this  a  white  precipitate  will  gradually  form  in  the 

process,  if  the  operator  be  in  haste ;  and  not  fluid,  and  the  weight  oi  it  will  indicate  the 

afiect  the  result,  as  it  will  be  decomposed  and  proportion, 

evaporate.  Phosphate  of  lime,  if  any  be  present,  may 

8.  What  remains  after  this  decomposition  be  separated  from  the  soil  after  tlie  process 
of  the  vegetable  and  animal  matter,  consists  for  gypsum.  Muriatic  add  must  be  digested 
generally  of  minute  particles  of  earthy  mat-  upon  the  soil  in  quantity  more  than  suffident 
ter,  which  are  usually  a  mixture  of  alumina  to  saturate  the  soluble  earths.  The  solution 
and  sUet  with  oxide  of  iron.  To  separate  must  be  evaporated,  and  water  poured  upon 
these,  boil  them  two  or  three  houra  in  sul-  the  solid  matter.  Hiis  fluid  will  dissolve  the 
phuric  acid  diluted  with  four  times  its  weight  compounds  of  earths  with  the  muriatic  add» 
of  water,  allowing  a  hundred  and  twenty  and  leave  the  phosphate  of  lime  untouched, 
grains  of  add  for  every  hundred  grains  of  11.  When  the  examination  of  a  soil  is 
the  residuum.  completed,  the  products  should  be  clawed, 

If  any  thing  I'emain  undissolved  by  this  and  their  quantities  added  together ;  and  if 
add,  ft  may  be  considered  as  silex,  and  be  they  nearly  equal  the  original  quantity  of  soil» 
separated,  washed,  dried,  and  wdghed  in  the  the  analysis  may  be  considereid  as  accurate, 
usual  manner.  Carbonate  of  ammonia  being  It  must  however  be  observed,  that  when  phofr. 
added  to  the  solution,  in  quantity  more  than  phate  or  sulphate  of  lime  is  discovered  by  the 
suffident  to  saturate  the  add,  the  alumina  independent  process.  No.  10.  just  mentioned, 
will  be  predpitated ;  and  the  oxide  of  iron,  a  correction  must  be  made  for  the  general 
if  any,  may  be  separated  from  the  remaining  process,  by  subtracting  a  sum  equal  to  their 
liquid  by  boiling  it.  It  scarcely  ever  hap-  weight  from  the  quantity  of  carbonate  of  lime 
pens  that  any  magnesia  or  lime  escapes  solu-  obtained  by  predpitation  from  the  muriatic 
tion  in  the  muriatic  aqid ;  but  if  it  should,  add.  In  arranging  the  products,  the  form 
it  will  be  found  in  the  sulphuric  add ;  from  should  be  in  the  order  of  the  experiments  by 
which  it  may  be  separated  as  directed  above  which  they  are  obtained.  Thus  400  grains 
for  the  muriatic.  This  method  of  analysis  is  of  a  good  siliceous  sandy  soil  may  be  sup- 
suffidently  predse  for  all  common  purposes ;  posed  to  contain- 
but  if  very  great  accuracy  be  an  object,  the  Grm 
residuum  after  the  incineration  must  be  treats  Of  water  of  absorption,  -  .  18 
ed  with  potash,  and  in  the  manner  in  which  Of  loose  stones  and  gravel,  prindpally 
stones  are  analyzed,  as  gjven  in  the  first  part  siliceous,  ....  42 
of  this  artide.  Of  undecompounded  vegetable  fibres,        10 

9.  If  the  soil  contained  any  salts,  or  soluble  Of  fine  siliceous  sand,  -  -  800 
vegetable  or  animal  matter,  they  will  be  found  Of  minutely  divided  matter,  separated 

in  the  water  used  for  separating  the  sand.  by  filtration,  and  consisting  of— 

This  water  must  be  evaporated  to  dryness  at  Carbonate  of  lime,       -        -         25 

a  heat  bdow  boiling.     If  the  solid  matter  Carbonate  of  magnesia,         -          4 

left  be  of  a  brown  colour,  and  inflammable,  Matter  destructible  by  heat,  prin-  . 

it  may  be  considered  as  partly  vegetable  ex-  cipally  vegetable^       -       -        10 

tract.     If  its  smell,  when  expos^  to  heat,  Silex,         .        -        -        .        40 

be  strong  and  fetid,  it  contains  animal,  mu-  Alumina,          •          -          -         32 

dlaginous,  or  gelatinous  matter.     If  it  be  Oxide  of  iron,        ...        4 

white  and  transparent,  it  may  be  considered  Soluble  matter,  priticipally  sul- 

as  prindpally  saline.     Nitrate  of  potash  or  phate  of  potash  and  vegetable 

of  lime  is  indicated  in  this  saline  matter  by  extract,          ^          .          .          5 

its  sparkling  when  thrown  on  burning  coals ;  Gypsum,          -          -     .      -           3 

sulphate  of  magnesia  may  be  detected  by  its  Phosphate  of  lime,         .        .        2 

bitter  taste  >  and  sulphate  of  potash  produces  —  1^ 

DO  alteration  in  a  solution  of  carbonate  of  ~~~ 

ammonia,  but  predpitates  a  solution  of  mu-  Amount  of  all  the  products,       395 

riate  of  baryta.  Loss,        -        -        -        -          5 

10.  If  sulphate  or  phosphate  of  lime  be  — 
suspected  in  the  soil,  a  particular  process  is  400 
requisite  to  detect  it.     A  given  weight  of  the 

entire  soil,  as  four  hundred  grains  for  in-  In  this  instance  the  loss  is  supposed  small ; 

stance,  must  be  mixed  with  one-third  as  but  in  general,  in  actual  experiment^  it  will 

L 
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be  found  mudi  greater,  in  consequence  of  tary  bodies.  MM.  Gay  Lussac  and  Thenaid 
the  difficulty  of  collecting  the  whole  quanti-  contriTed  a  very  elegant  apparatus  for  Tege- 
ties  of  the  different  precipitates ;  and  when  table  and  animal  analysis,  in  which  the  mat- 
it  is  within  thirty  for  four  hundred  grains,  ter  in  a  dried  state  was  mixed  with  chlorate 
there  is  no  reason  to  suspect  any  want  of  of  potash,  and  formed  into  minute  pellets, 
due  precision  in  the  processes.  These  pellets  being  projected  through  the  in- 

12.  When  the  experimenter  is  become  ac-  tervention  of  a  stopcock  of  peculiar  structure 
quainted  with  the  use  of  the  different  instru-  into  an  ignited  glass  tube,  were  instantly  re- 
ments,  the  properties  of  the  reagents,  and  solved  into  carbonic  acid  and  water.  The 
the  relations  between  the  external  and  chemi-  former  product  was  received  over  mercury, 
cal  qualities  of  soils,  he  will  seldom  find  it  and  estimated  by  its  condensation  with  pot^ 
necessary  to  perform,  in  any  one  case,  all  the  ash ;  the  latter  was  intercepted  by  ignited 
processes  that  have  been  described.  When  muriate  of  lime,  and  was  measured  by  the 
his  soil,  for  instance,  contains  no  notable  pro-  increase  of  weight  which  it  communicates  to 
portion  of  calcareous  matter,  the  action  of  this  substance.  By  prerious  trials,  the  quan- 
the  muriatic  acid.  No.  6.  may  be  omitted :  tity  of  oxygen  which  a  given  weight  of  the 
in  examining  peat  soils,  he  will  principally  chlorate  of  potash  yielded  by  ignition  was 
have  to  attend  to  the  operation  by  fire  and  known ;  and  hence  the  carbon,  hydrogen, 
air.  No.  7. ;  and  in  the  analysis  of  chalks  and  and  oxygen,  derived  from  the  organic  sub- 
loams,  he  will  often  be  able  to  omit  the  ex-  stance,  as  well  as  the  residual  axote  of  the 
periment  with  sulphuric  acid.  No.  8.  gaseous  products. 

In  the  first  trials  that  are  made  by  persona  M.  Berzelius  modified  the  above  apparatus, 
unacquainted  with  chemistry,  they  must  not  and  employed  the  organic  product  in  combi- 
expect  much  precision  of  result  Many  dif-  nation  with  a  base,  generally  oxide  of  lead, 
ficulties  will  be  met  with ;  but  in  overoom-  He  mixed  a  certain  weight  of  this  neutral 
ing  them  the  most  useful  kind  of  practical  compound  with  a  known  quantity  of  pure 
knowledge  will  be  obtained ;  and  nothing  is  chlorate  of  potash,  and  triturated  the  whole 
so  instructive  in  experimental  science  as  the  with  a  large  quantity  of  muriate  of  soda,  for 
detection  of  mistakes.  The  correct  analyst  the  purpose  of  moderating  the  subsequent 
ought  to  be  well  grounded  in  general  chemi-  combustion.  This  mingled  dry  powder  is 
cal  information ;  but  perhaps  there  is  no  bet-  put  into  a  glass  tube  about  half  an  inch  dia- 
ter  mode  of  gaining  it  than  that  of  attempt-  meter,  and  eight  or  ten  inches  long,  wliich  is 
ing  original  investigations.  In  pursuing  his  partially  enclosed  in  a  fold  of  tin-plate,  hoop- 
experiments,  he  will  be  continually  obh'ged  ed  with  iron  wire^  One  end  of  the  tube  is 
to  learn  from  books  the  history  of  the  sub-  hermetically  sealed  beforehand,  the  other  is 
stances  he  is  employing  or  acting  upon ;  and  now  drawn  to  a  pretty  fine  point  by  the  blow- 
his  theoretical  ideas  will  be  more  valuable  in  pipe.  This  termination  is  inserted  into  a 
being  connected  with  practical  operation,  and  glass  globe  about  an  inch  diameter,  which 
acquired  for  the  purpose  of  discovery.  joins  it  to  a  long  tube  containing  dry  muriate 

The  analysis  of  vegetablet  requires  various  of  lime  in  its  middle^  and  dipping  at  its  other 
manipulations  and  peculiar  attention,  as  their  extremity  into  the  mercury  of  a  pneumatic 
principles  are  extremely  liable  to  be  altered  trough.  The  first  tube,  with  its  protecting 
by  the  processes  to  which  they  are  subjected,  tin  case,  being  exposed  gradually  to  ignitioiit 
It  was  long  before  this  analysis  was  brought  the  enclosed  materials  are  resolved  into  ear- 
to  any  degree  of  perfection.  bonic  acid,  water,  and  axote,  which  come  over. 

Some  of  the  immediate  materials  of  vege-  and  are  estimated  as  above  described.  M. 
tables  are  separated  to  our  hands  by  Nature  Gay  Lussac  has  more  recently  employed  per- 
in  a  state  of  greater  or  less  purity ;  as  the  oxide  of  copper  to  mix  with  the  organic  sub- 
gums,  resins,  and  balsams,  that  exude  from  stance  to  be  analyzed ;  because,  while  it  yields 
plants.  The  expressed  juices  contain  various  its  oxygen  to  hydrogen  and  carbon,  it  is  not 
matters,  that  may  be  separated  by  the  appro-  acted  on  by  azote ;  and  thus  the  erron  re- 
priate  reagents.  Macoation,  infusion,  and  suiting  from  the  formation  of  nitric  acid  with 
decoction  in  water,  take  up  certain  parts  so-  the  chlorate  of  potash  are  avoided.  Berzelius 
luble  in  this  menstruum ;  and  alcohol  will  has  afiTorded  satisfactory  evidence  by  his  an*, 
extract  others  that  water  will  not  dissolve,  lyses,  that  the  simple  apparatus  which  he  em- 
The  mode  of  separating  and  extinguishing  ployed  is  adequate  to  every  purpose  of  che^ 
these  materials  will  easily  be  collected  from  mical  research.  Dr  Prout  has  described,  in 
their  characters,  as  given  under  the  head  V£-  the  Annals  of  Philosophy  for  March  1820,  a 
GETABLB  KINGDOM,  and  under  the  difierent  very  neat  form  of  apparatus  for  completing 
articles- themselvesi  analyses  of  organic  substances  with  the  heat 

As  the  ultimate  constituents  of  all  vegeta-  of  a  lamp.     Hydrogen  having  the  power  in 

ble  substances  are  carbon,  hydrogen,  and  oxy-  minute  quantities  of  modifying  the  constitu- 

gen,  with  occasionally  azote,  the  problem  of  tion  of  the  organic  bodies,  requires  to  be  esti- 

their  final  analysis  resolves  into  a  method  of  mated  with  corresponding  minuteness.     M. 

ascertaining  the  proportion  of  these  elemea-  Porrett  has  very  ingeniously  suggested,  that 
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kB  quantitjr  may  be  more  accurately  deter-  bon,  while  the  latter  states  the  carbon  at  only 

mined  by  the  proportion  of  oxide  of  copper  40. 

that  is  rerived,  than  by  the  product  of  water.         Tlie  objects  of  the  present  paper  are^  firrt. 

Dilute  sulphuric  acid  being  digested  on  the  to  indicate,  and  endeavour  to  remove  several 

residua]  cupreous  powder,  will  instantly  dis-  sources  of  fallacy  attending  the  method  with 

solve  the  oxide,  and  leave  the  reduced  metal ;  peroxide  of  copper ;  and  next,  to  exhibit  the 

wboae  weight  will  indicate,  by  the  scale  of  results  of  its  application  to  a  considerable 

equivalents,  the  hydrogen  expended  in  its  series  of  vegetable  and  animal  compounds, 
leduction.    One  of  hydrogen  corresponds  to         Peroxide  of  copper,  prepared  by  igniting 

nine  of  water,  and  to  thirty-two  of  copper.  the  pure  nitrate  of  this  metal,  is,  like  yellow 

From  my  experiments  I  iind,  that  this  pro-  oxide  of  lead,  and  many  other  metallic  oxides, 

posal  of  M.  Porrett  will  not  suit  in  practice ;  readily  absorbent  of  a  small  portion  of  hu- 

for  much  of  the  peroxide  of  copper  is  occa-  midity  from  the  air,  the  quantity  of  which 

sionally  reduced  merely  to  the  state  of  prot-  depends,  in  some  measure,  on  the  length  of 

oxide.  time  during  whidi  it  has  sufibred  ignition. 

Under  the  different  vegetable  and  animal  If  exposed  to  a  red  beat  merely  till  the  va- 

products,  we  shall  take  care  to  state  their  pours  of  nitric  acid  are  expelled,  100  grains 

ultimate  constituents  by  the  most  correct  of  the  oxide  will  absorb,  in  the  ordinary  state 

and  recent  analysis.   The  peculiar  substances  of  the  atmosphere,  from  1-lOth  to  ^lOtbs 

wbadi  water,  alcohol,  ether,  and  other  sol-  of  a  grain  of  moisture  in  the  space  of  an  hour 

▼ents,  can  separate  from  an  organic  body,  or  two,   and  about   one-half  of  the  above 

may  be  called  the  immediate  products  of  the  quantity  in  a  very  few  minutes.   The  French 

vegetable  or  animal  kingdom ;  while  the  car-  chemists,  who  have  operated  most  with  this 

bon,  hydrogen,  oxygen,  and  azote,  discover-  agent,  seem  to  be  well  aware  of  this  circum- 

akAs  by  igneous  analysis,  are  the  ultimate  con-  stance,  for  they  direct  the  peroxide  to  be  used 

adtuent  elements.     To  the  former  class  be-  immediately  titer  ignition,  and  to  be  tritu- 

kmg  sugar,  gum,  starch,  oils,  resins,  gelatin,  rated  with  the  organic  matter  in  a  hot  mor- 

area,  organic  acids  and  alkalis,  &c  which  tar  of  agate  or  glass.  Yet  this  precaution  will 

see.  not  entirely  prevent  the  fallacy  arising  from 

The  following  account  of  my  mode  of  exe-  the  hygrometric  action ;  for  I  find  that  per- 

cnting  the  ultimate  analysis  of  organic  pro-  oxide  thus  treated  does  absorb,  during  the 

ducts,  is  extracted  from  a  paper  which  the  long  trituration  essential  to  the  process,  a 

Royal  Sode^  did  me  the  honour  to  insert  in  certain  quantity  of  moisture,  which,  if  not 

their  Transactions  for  1822.  taken  into  account,  will  produce  serious  er- 

Hie  improvements  lately  introduced  into  rors  in  the  analytical  results.  It  is  better 
the  analysis  of  vegetable  and  animal  com-  therefore  to  leave  the  powdered  peroxide  in* 
pounds,  with  the  investigation  of  the  equi-  tended  for  research  exposed  for  such  time  to 
▼alent  ratios  in  which  their  constituent  ele-  the  air  as  to  bring  it  to  hygrometric  repose, 
ments,  carbon,  hydrogen,  oxygen  and  azote,  then  to  put  it  up  in  a  phial,  and  by  igniting 
are  associated,  luive  thrown  an  unexpected  one  hundred  grains  of  it  in  a  proper  glass 
light  into  this  formerly  obscure  province  of  tube,  sealed  at  one  end,  and  loosely  closed 
chemical  science.  While  the  substitution  by  with  a  glass  plug  at  the  other,  to  determine 
-  M.  Gay  Lussac,  of  black  oxide  of  copper  for  the  proportion  of  moisture  which  it  contains, 
the  chlorate  of  potash,  has  given  peculiar  fa-  This,  then,  indicates  the  constant  quantity  to 
olity  and  d^anoe  to  aninuU  analysis,  it  may  be  deducted  from  the  loss  of  weight  which 
be  doubted  whether,  in  those  cases  where  the  the  peroxide  suffers  in  the  course  of  the  ex- 
main  object  of  inquiry  is  the  proportion  of  penment.  The  mortar  should  be  perfectly 
carbon,  it  has  not,  frequently,  led  to  fallad-  dry,  but  not  warm. 

ous  results.  As  the  quantity  of  this  element  Experimenters  have  been  at  great  pains  to 
Ss  inferred  from  the  volume  of  carbonic  acid  bring  the  various  organic  objects  of  research 
evolved  in  the  decomposition  of  the  organic  to  a  state  of  thorough  desiccation  before  mix- 
matters,  such  of  their  particles  as  happen  not  ing  them  with  the  peroxide  of  copper;  but 
to  be  in  immediate  contact  with  the  cupreous  this  practice  introduces  a  similar  fallacy  to 
oxide^  will  remain  unconverted  into  csirfoonic  that  above  described.  We  ought,  therefore, 
add ;  and  thus  the  proportion  of  carbon  will  after  having  made  them  as  dry  as  possible  by 
come  to  be  underrated;  an  accident  which  the  joint  agencies  of  heat  and  an  absorbent 
caimot  occur  with  chlorate  of  potash,  since  surface  of  sulphuric  add  m  tfacuot  to  ezpoae 
the  carbonaceous  matter  is  here  plunged  in  them  to  the  air  till  they  also  come  into  hy- 
an  ignited  atmosphere  of  oxygen.  It  is  pro-  grometric  repose,  noting  the  quantity  of  mois- 
bab^  to  this  cause  that  we  must  refer  the  dis-  ture  which  they  imbibe,  that  it  may  be  afker- 
crepant  results,  in  the  analysis  of  pure  sugar,  wards  allowed  for.  The  plan  which  I  adopt 
between  MM.  Gay  Lussac,  Thenard,  and  for  the  purpose  of  desiccation  seems  to  an- 
BerzeliuB,  on  the  one  hand,  and  Dr  Front  swer  very  welL  Having  put  the  pulverulent 
on  the  other ;  the  former  gentlemen  assign-  animal  or  vegetable  matter  into  short  phials, 
ing  about  43  parts  in  the  hundred  of  car-  furnished  witfi  ground  glass  stoppers,  I  place 
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Ih'e  open  phiab  in  a  iai^  quantity  of  sand*  within  the  graduated  receiver  at  e. '  By  this' 

heated  to  212^  F.  in  a  porcelain  capsule,  and  arrangement,  should  the  collar  be  not  ab80> 

set  this  over  a  surface  of  sulphuric  acid  in  an  lutely  air-tight,  the  pressure  of  the  column  of 

exhausted  receiver.     After  an  hour  or  more  mercury  causes  the  atmospheric  air  to  enter 

the  recdver  is  removed,  and  the  phials  in-  at  the  crevice,  and  bubbles  of  it  will  be  seen 

fltantly  stopped,     llie  loss  of  weight  shows  rising  up  without  the  application  of  heat   At 

the  total  moisture  which  each  of  them  has  the  end  of  the  operation,  the  point  of  the  tube 

parted  with ;  while  the  subsequent  increase  e  is  always  left  above  the  surface  of  the  mer- 

of  their  weight,  after  leaving  them  unstopped  cury,  the  quantity  of  organic  matter  em- 

fbr  some  time  in  the  open  air,  indicates  the  ployed  being  such  as  to  produce  from  six  to 

amount  of  hygrometric  absorption.     This  is  seven  cubic  inches  of  gaseous  product,  the 

consequently  the  quantity  to  be  deducted  in  volume  of  the  graduated  receiver  being  seven 

calculating  experimental  results.  cubic  inches. 

Many  chemists,  particularly  in  this  coun-  As  the  tubes  with  which  I  operate  have  all 
try,  have  employed  the  beat  of  a  spirit-lamp,  the  same  capacity,  vis.  half  a  cubic  inch;  and 
instead  of  that  produced  by  the  combustion  as  the  bulk  of  materials  is  the  same  in  all  the 
of  charcoal,  for  igniting  the  tube  in  which  experiments,  one  experiment  ob  the  analysis 
the  mixed  materials  are  placed.  I  have  com-  of  sugar  or  resin  gives  the  volume  of  atmo- 
pared  very  carefully  both  methods  of  heating,  spheric  air  due  to  the  apparatus ;  which  vo- 
and  find  that  for  many  bodies,  such  as  coal  lume  is  a  constant  quantity  in  the  same  cir* 
and  resin,  which  abound  in  carbon,  the  flame  cumstances  oif  ignition. .  And  since  the  whole 
of  the  lamp  is  insufficient ;  while  its  applica-  apparatus  is  always  allowed  to  cool  to  the 
tion  being  confined  at  once  to  a  small  portion  atmospheric  temperature,  the  volume  of  resi- 
of  the  tube,  that  uniform  ignition  of  the  dual  gas  in  the  tubes  comes  to  be  exactly 
whole,  desirable  towards  the  close  of  the  ex-  known,  being  equal,  very  nearly,  to  the  pri- 
periment,  cannot  be  obtained.  I  was  hence  mitive  volume'  of  atmosph^c  air  left  after 
led  to  contrive  a  peculiar  form  of  furnace,  in  the  absorption  of  the  carbonic  add  in  the  su- 
which,  with  a  handful  of  charcoal  reduced  gar  or  resin  experiment*  Tlius  this  quantity, 
to  bits  about  the  size  of  small  filberts,  an  hitherto  ill  appreciated  or  n^lected  in  many 
experiment  may  be  completed  without  anxie-  experiments,  though  it  is  of  very  great  conse- 
ty  or  trouble,  in  the  space  of  half  an  hour,  quence,  may  be  accurately  found.  At  4r,  fig. 
Since  I  have  operated  with  this  instrument,  2.  a  little  tin-plate  screen  is  shown.  It  is  per- 
the  results  on  the  same  body  have  been  much  forated  for  the  passage  of  the  tube,,  and  may 
more  consbtent  than  those  previously  obtain-  be  slid  along,  and  Idfl  at  any  part  of  the  se- 
ed with  the  lamp ;  and  it  is  so  convenient,  mi-cylindric  cage,  so  as  to  preserve  from  the 
that  I  have  sometimes  finished  eight  experi-  influence  of  the  heat  any  requisite  portion  of 
ments  in  a  day.  the  sealed  end  of  the  tube.     At  fig.  4i.  is 

Fig.  1.  (Plate  VI.)  represents  the  whole  seen  the  shape  of  the  little  bulb,  into  which 

apparatus,  as  when  in  action.     Fig.  2.  is  a  I  introduce  the  proper  weight  of  ether,  aloo- 

horizontal  section  of  the  furnace,  in  which  we  hoi,  naphtha,  or  other  volatile  liquids  which 

perceive  a  semi-cylinder  of  thin  sheet-iron,  are  destined  for  analysis.     After  weighing  it 

about  eight  inches  long  and  3^  wide,  perfo-  exactly,  it  b  immediately  slid  down  to  the 

rated  with  holes,  and  resting  on  the  edge  of  bottom  of  the  tube,  and  covered  with  150  or 

a  hollow  prism  of  tin-plate,  represented  more  200  grains  of  peroxide  of  copper.    The  bulb 

distinctly  in  fig.  3.   where  n  shows  a  slit,  has  a  capacity  equal  to  3  grain  measures  of 

through  which  the  sealed  end  of  the  glass  water,  and  its  capillary  point  is  sometimes 

tube  may  be  made  to.  project,  on  occasion,  closed  with  an  inappreciably  small  quantity 

t  is  a  handle  attached  to  the  semi^cylinder,  by  of  bees-wax,  to  prevent  the  exhalation  of  the 

^hich  it  may  be  slid  backwards  or  forwards,  liquid  till  the  peroxide  be  ignited, 

and  removed  at  the  end  of  the  process.     d\&  6  is  a  cover  to  the  furnace^  with  an  oblong 

a  sheath  of  platinum  foil,  which  serves,  by  orifice  at  its  top.     It  serves  for  a  chimney, 

aid  of  a  wire  laid  across,  to  support  the  mid-  and  may  be  applied  or  removed  by  means  of 

die  of  the  tube,  when  it  is  softened  by  igni-  its  handle,  according  as  we  wish  to  increase 

tion.     At  g,  the  plates  which  close  the  ends  or  diminish  the  heat     cc  are  tin  cases  en* 

of  the  semi-cylinder  and  tin-plate  prism,  rise  closing  corks,  through  which  the  iron  vrires 

up  a  few  inches  to  screen  the  pneumatic  ap-  are  piused,  that  support  the  whole  furnace  at 

paratus  from  the  heat     A  third  occasional  any  convenient  height  and  angle  of  Inclina- 

screen  of  tin-plate  is  hung  on  at^I  All  these  tion. 

are  furnished  with  slits  for  the  passage  of  the  The  tightness  of  the  apparatus  at  the  end 

^ass  tube.   This  is  made  of  crown  glass,  and  of  the  process  is  proved  by  the  rising  of  the 

is  generally  about  nine  or  ten  indhes  long,     

and  3-lOths  of  internal  diameter.    It  is  con- 


nected  with  the  mercurial  cistern  by  a  nar-  •  If  0  be  the  capacity  of  the  graduated  reoeivcr, 
row  tube  and  caoutchouc  collar.  This  tube  •"**  *  "**  ■**"  opacity  of  the  tubes,  then  the  above 
has  a  syphon  form,  and  rises  about  an  inch     ▼ol«»«  ^  *  "  J+i* 
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mcrcufy  in  the  graduated  recover  by  aboiit 
one-tenth  of  an  ioch,  as  the  tube  becomes 
lefrigerated. 

•  Mj  mode  of  operattng  with  the  peroxide 
of  copper  is  the  following  :•— 

I  triturate  very  carefully  in  a  dry  glass 
mortar,  from  1  to  2^  grains  of  the  matter  to 
be  analyzed,  with  from  100  to  140  grains  of 
the  oxide.  I  then  transfer  it,  by  means  of  a 
platinum-foil  tray  and  small  glass  funnel, 
into  the  glass  tube,  clearing  out  the  mortar 
with  a  metallic  brush.  Over  that  mixture  I 
put  20  or  30  grains  of  the  peroxide  itself, 
and  next,  50  or  60  grains  of  clean  copper 
filings.  The  remaining  part  of  the  tube  is 
loosely  closed  with  10  or  12  grains  of  amian- 
thus, by  whose  capillary  attraction  the  mois- 
ture evolTed  in  the  experiment  is  rapidly 
withdrawn  from  the  hot  part  of  the  tube,  and 
the  risk  of  its  fracture  thus  completely  obvi- 
atedl  The  amianthus  serves  moreover  as  a 
plug,  to  prevent  the  projection  of  any  minute 
particles  of  filings,  or  of  oxide,  when  the  fil- 
ings are  not  present.  The  tube  is  now  weigh- 
ed in  a  Tery  delicate  balance,  and  its  weight 
is  written  down.  A  little  cork,  channelled 
«t  its  side,  is  next  put  into  the  tube,  to  pre* 
.▼ent  the  chance  of  mercury  being  fcMtred 


backwards  into  it^  by  any  accidental  cooUog 
or  condensatiooi.  llie  collar  of  caoutchouc 
is  finally  tied  on,  and  the  tube  is  placed*  aa 
is  shown  in  fig.  2.  but  without  the  plate  kf 
which  is  employed  merely  in  the  case  of  ana^ 
lyzing  volatile  liquids.  A  few  fragments  of 
ignited  charcoal  are  now  placed  Under  the 
tube,  at  the  end  of  the  furnace  next  to  the 
cistern,  and  the  remaining  space  in  the  semi- 
cylinder  is  filled  up  with  bits  of  cold  charcoal. 
The  top,  b,  may  then  be  put  in  its  place, 
when  Uie  operation  will  proceed  spontaneous- 
ly, the  progressive  advance  of  the  ignition 
from  one  end  to  the  other  being  proportioned 
to  the  expansion  of  glass,  so  that  the  ti^ 
very  seldom  cracks  in  the  process.  Indeed 
I  have  often  used  the  same  tube  for  a  doaen 
experiments,  in  the  course  of  which  it  be- 
came converted  into  vUrite,  cr  Reaumur's 
porcelain. 

Since  the  evolved  gas  is  saturated  with 
moisture,  I  reduce  it  to  the  volume  of  dry 
gas,  by  help  of  the  following  table,  computed 
by  tile  well  known  formula  from  my  table  of 
the  elastic  force  of  steam,  which  the  Royal 
Society  did  me  the  honour  to  publish  in  their 
Transactions  for  the  year  1818. 


Temper, 
ature. 

MuIdpUer. 

Temper, 
ature. 

HultlpUer. 

Temper, 
ature. 

MultipHer. 

53PF. 

54 

55 

56 

57 

58 

59 

0.9870 
0.9864 
0.9858 
0.9852 
0.9846 
0.9839 
0.9833 

60OF. 

61 

62 

63 

64 

65 

66 

0,9827 
9a  20 
9a  13 
98.06 
97.99 
97.93 
97.86 

67«>F. 

68 

69 

70 

71 

72 

73 

97.79 

97.72 

97.65 
0.9758 
0.9751 
0.9743 
0.9735 

In  certain  cases,  where  the  quantity  of  hy- 
drogen is  small,  or  where,  as  in  the  example 
of  indigo,  its  presence  has  been  denied,  I  em- 
ploy pulverulent  protochloride  of  mercury 
(calomel)  instead  of  peroxide  of  copper.  The 
oi^nic  compound  being  intimately  mixed  with 
that  powder,  and  gentiy  heated,  the  muriatic 
acid  gas  obtained  demonstrates  the  presence, 
-tiiou^  half  of  its  Tolume  will  not  give  the 
total  quantity,  of  hydrogen ;  for  a  proportion 
of  this  elementary  body  continues  associated 
with  oxygen  in  the  state  of  water.  Dry  ox- 
alate of  lead,  treated  in  this  way,  yields  not 
the  slightest  trace  of  muriatic  acid ;  for,  on 
passing  the  disengaged  gas  through  a  dilute 
solution  of  nitrate  of  silver,  no  precipitation 
or  even  cloud  of  chloride  is  produced.  But 
five  grains  of  indigo,  prepared  from  the  de- 
oxidized solution  of  the  dyer's  vat,  and  freed 
from  its  lime  and  resin  by  the  successive  ap- 
plication of  dilute  muriatic  acid  and  alcohol, 
gave  five  cubic  inches  of  muriatic  acid  gas 
when  heated  along  with  150  grains  of  calo- 
mel.    Here  we  have  a  quantity  of  gas  equi- 


yalent  to  2^  cubic  inches  of  hydrogen.  By 
meansof  peroxide  of  copper,  however,  nearly 
4  times  the  above  quantity  of  hydrogen  may 
be  obtained  from  the  same  weight  of  indigo. 

I  shall  now  give  in  detail  one  example  of 
the  mode  of  computing  the  relation  of  the 
constituents  from  the  experimental  results, 
and  shall  then  state  the  other  analyses  in  a 
tabular  form,  subjoining  a  few  remarks  on 
the  habitudes  of  some  peculiar  bodies. 

1.4  grains  of  sulphuric  ether,  specific  gra- 
vity 0.70,  bdng  slowly  passed  in  vapour  from 
the  glass  bulb  through  200  grains  of  ignited 
peroxide  of  copper,  yielded  6.8  cubic  inches 
of  carbonic  add  gas  at  66^  F.  which  'are 
equivalent  to  6.57128  of  dry  gas  at  60^. 
This  number  being  multiplied  by  0. 127  =: 
the  carbon  in  one  cubic  inch  of  the  gas,  the 
product  0.8345256,  is  the  carbon  in  1.4 
grains  of  etiier;  and  0.8345256  X  7  ^ 
2.2254  =s  tLe  oxygen  equivalent  to  the  car- 
bonic acid.  The  tube  was  found  to  have 
lost  4.78  grains  in  weight,  0. 1  of  which  was 
due  to  the  hygrometic  moisture  in  the  oxide, 
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and  1.4  to  the  ether.  The  remainder^  &S8» 
is  the  quantity  of  oxygen  abstracted  from  the 
oiide  by  the  combustible  elements  of  the 
ether.  But  of  these  3.28  grains,  2.2254* 
went  to  the  formation  of  the  carbonic  add, 
leafing  1.0546  of  oxygen,  equivalent  to 
0.1318  of  hydrogen.  Hence,  1.4  ether,  by 
this  experiment,  which  is  taken  as  the  most 
satisfiurtory  of  a  great  number,  seem  to  con- 
sist of 

Carbon,  0.8345 

Hydrogen,       0.1318 

Water,  0.4337 


1.4000 
And  in  1  grain  we  shall  hafe,— • 
Caxbon,         0.5960    3  atoms  2.25 
Hydrogen,    0.1330    4  atoms  0.50 
Oxygen,        0.2710     1  atom   1.00 

1.0000  a75 

Or,  3  vols  olef.  gasssr  3  X  0.9722=r 
2  Tap.  of  water,    2x  0.625  s 


60.00 
ia33 
26.66 

■■■■.^■Ml 

100.0 

2.9166 

1.25 


4.1666 
llie  proportion  of  the  constituentB  of  sul- 
phuric ether,  deduced  by  M.  Gay  Lussac 
from  the  experiments  of  M.  Tb.  de  Saussure, 
are  2  volumes  olefiant  gas  -^  1  volume  va- 
pour of  water,  which' 3  volumes  are  condensed 
into  1  of  vapour  of  ether,  having  a  specific 
gravity  s=  2.58.  The  ether  which  I  used 
had  been  first  distilled  off  dry  carbonate  of 
potash,  and  then  digested  on  dry  muriate  of 
lime,  from  which  it  was  simply  decanted,  ac- 
cording to  the  injunction  of  M.  de  Saussure. 
Whether  my  ether  contained  more  alcoholic 
matter  than  that  employed  by  the  Genevese 
philosopher,  or  whether  the  difference  of  re- 
sult is  to  be  ascribed  to  the  difference  in  the 
mode  of  analysis,  must  be  decided  by  future 


By  analogous  modes  of  reduction,  the  re- 
sultb  were  deduced  from  my  experiments.  I 
ought  here  to  state^  that  in  many  cases  the 
materials,  after  being  ignited  in  the  tube,  and 
then  cooled,  were  again  triturated  in  the  mor- 
tar, and  subjected  to  a  second  ignition.  Thus, 
none  of  the  carbon  could  escape  conversion 
into  carl>onic  add.  I  was  seldom  content 
vrith  one  experiment  on  a  body :  frequently 
six  or  eight  were  made. 

AN  ATASE.  Octohedrite,  oxide  of  tita- 
nium, rutile,  and  titane  rutile.  This  mineral 
shows  a  variety  of  colours  by  reflected  light, 
frte  indigo-blue  to  reddish-brown.  By 
transmitted  light  it  appears  greenish-yellow. 
It  is  found  usually  in  small  crystals,  octohe- 
drons,  with  isosceles  triangular  faces.  Struc- 
ture lamellar ;  it  is  semitransparent  or  opaque ; 
fragments  splendent,  adamantine;  scratches 
glass ;  brittle ;  sp.  gr.  3.85.  It  ift  a  pure  oxide 
of  titanium.  It  has  been  found  only  in  Dau- 
phiny  and  Norway ;  and  is  a  very  rare  mine- 


raL     It  occurs  in  granite,  gneiss,  mica  slater 
and  transition  lime-stone. 

ANDALUSITE.  A  massive  mineral, 
of  a  flesh,  and  sometimes  rose-red  colour. 
It  is,  however,  occasionally  crystallised  in 
rectangular  four-sided  prisms,  verging  on 
rhomboids.  The  structure  of  the  prisms  ia 
lamellar,  with  joints  parallel  to  their  sides. 
Translucent;  scratches  quartz;  is  easily 
broken;  sp.  gr.  3.165.  Infusible  by  the 
blowpipe;  in  which  respect  it  differs  from 
felspar,  though  called  felspath  apyre  by  Haiiy. 
It  is  comppwd  of  52  alumina,  32  silica,  8 
potash,  2  oxide  of  iron,  and  6  loss.— Foti^. 
It  belongs  to  primitive  countries,  and  waa 
first  found  in  Andalusia  in  Spain.  It  is  found 
in  mica  slate  in  Aberdeenshire,  and  in  the 
Isle  of  Unst ;  Dartmoor  in  Devonshire ;  in 
mica  slate  at  Killiney,  near  Dublin,  and  at 
Douce  Mountain,  county  Wicklow. 
ANDREOLITE.  See  Haamotom^ 
ANHYDRITE.  Anhydrous  gypsum. 
There  are  six  varieties  of  it  :*— 

1.  Compact;  has  various  shades  of  white, 
blue,  and  red;  massive  and  kidney^shaped; 
dull  aspect ;  splintery  or  conduudal  fracture  ; 
translucent  on  the  edges;   is  scratched  by 
fluor,    but  scratches  ode  spar;   somewhat 
tough ;  spedfic  gravity  2.850.     It  is  dry  sul- 
phate of  lime,  with  a  trace  of  sea  salt     It  is 
found  in  the  salt  mines  of  Austria  and  Salz- 
burg, and  at  the  foot  of  the  Harz  mountains. 
2.  Granular ;  the  scaly  of  Jameson,  is  found 
in  massive  concretions,  of  which  the  structure 
is  confusedly  foUated.      White  or    bluish 
colour,  of  a  pearly  lustre;  composition  as 
above,  with  one  per  cent  of  sea  salt     It  oc- 
curs in  the  salt  mines  of  Halle ;  sp.  gr.  2.957. 
3b    Fibrous;   massive,    glunmering,  pearly 
lustre;   fracture  in  delicate  paralld  fibres; 
scarcely  translucent ;  easily  broken.     Found 
at    Halle, ,  Ischel,    and    near    Brunswick. 
4.  Radiated.     Blue  sometimes  spotted  with 
red;    radiated,    splendent  fracture;    partly 
splintery  ;    translucent ;   not  hard ;    sp.  gr. 
2.940.     5.   Sparry,   or  cube  spar.     Milk- 
white  colour,  passing  sometimes  into  greyish 
and  reddish-white;  short  four-sided  prisms, 
having  two  of  the  opposite  sides  much  broader 
than  Sie  other  two ;  and  occasionally  the  la- 
teral edges  are  truncated,  whence  results  an 
eight-sided  prism ;  lustre  splendent,  pearly ; 
foliated  fracture ;  threefold  rectangular  deav- 
age;  cubical  fragments;  translucent;  scratch- 
es oalc  spar;  brittle;  sp.  gr.  2.9.     This  is 
the  muriadte  of  some  writers.     It  is  doubly 
refracting.     It  is  said  to  contain  one  per  cent 
of  sea  salt     It  is  found  at  Bex  in  Switzer- 
land, and  Halle  in  the  Tyrol.     6.   Silidfe- 
rous,  or  vulpinite.     Massive  concretions  of 
a  laminated  structure;   translucent  on  the 
edges;  splendent  and  brittle;  greyish-white, 
vdned  with  bluish-grey ;  sp.  gr.  2.88.     It 
contains  eight  per  cent  silex ;  the  rest  is  sul- 
phate of  lime.     It  is  called  by  statuaries^ 
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Msnno  bardiglio  di  Bergamo,  and  takes  a  The  foUowiog  are  the  peculiar  chemical 

fine  polish.     It  derives  its  name  from  Vul-  products  of  animal  organization  {—Gelatin, 

pino  in  Italy,  where  it  accompanies  lime.  albumen,  fibrin,  fat,  caseous  matter,  colouring 

ANHYDROUS.     Destitute  of  water.  matter  of  blood,  mucus,  urea,  picromel,  osma- 

ANIL,  or  NIL.     Hiis  plant,  from  the  some,  sugar  of  milk,  and  sugar  of  diabetes. 

leaves  of  which  indigo  is  preparefi^  grows  in  (See  also  the  b'st  of  Acids  Organic,  for  seve- 

America.  ral  animal  products.)    The  compound  animal 

ANIMAL  KINGDOM.   Animal  bodies  products  are  the  various  solids  and  fluids, 

may  be  considered  as  peculiar  apparatus  for  whether  healthy  or  morbid,  that  are  found  in 

carrying  on  a  determinate  series  of  chemical  the  animal  body;  such  as  muscle,  skin,  bone, 

operations.     Vegetables  seem  capable  of  ope-  blood,  urine,  bile,  morbid  concretions,  brain, 

rating  with  fluids  only,  and  at  the  temperature  &c. 

of  the  atmosphere.     But  most  animals  have  When  animal  substances  are  left  ^posed 

a  provision  for  mechanically  dividing  solids  to  the  air,  or  immersed  in  water  or  other 

by  mastication,  which  answers  the  same  pur-  fluids,  they  suffer  a  spontaneous  change, 

pose  as  grinding,  pounding,  or  levigation  does  which  is  more  or  less  rapid  according  to  cir- 

in  our  experiments ;  that  is  to  say,  it  enlarges  cumstances.     The  spontaneous  change  of  or- 

the  quantity  of  surijace  to  be  acted  upon  by  ganized  bodies  is  distinguished  by  the  name 

solvents.     The  process  carried  on   in   the  of  fermentation.     In  vegetable  bodies  there 

stomach  appears  to  be  of  the  same  kind  as  are  distinct  stages  or  periods  of  this  process, 

that  which  we  distinguish  by  the  name  of  di-  which  have  been  divided  into  the  vinous, 

gestion ;  and  the  bowels,  whatever  other  uses  acetous,  and  putrefactive  fermentations.    Ani- 

tbey  may  serve^  evidently  form  an  apparatus  mal  substances  are  susceptible  only  of  the  two 

for  filtering  or  conveying  off  the   fluids ;  latter,  during  which,  as  in  all  other  sponta- 

while  the  more  solid  parts  of  the  aliments,  *  neous  changes,  the  combinations  of  chemical 

which  are  probably  of  such  a  nature  as  not  principles  become  in  general  more  and  move 

to  be  rendered  fluid,  but  by  an  alteration  '  simple.     There  is  no  doubt  but  much  instruc- 

which  would  perhaps  destroy  the  texture  of  tion  might  be  obtained  *from  accurate  obser- 

the  machine  itself,  are  rejected  as  useless,  vations  of  the  putrefactive  processes  in  all 

When  this  filtered  fluid  passes  into  the  drcu-  their  several  varieties  and  situations ;  but  the 

latory  vessels,  through  which  it  is  driven  with  loathsomeness  and  danger  attending  on  such 

considerable  velocity  by  the  mechanical  action  inquiries  have  hitherto  greatly  retarded  our 

of  the  heart,  it  is  subjected  not  only  to  all  progress  in  this  department    of   chemical 

those  changes  which  the  chemical  action  of  science.     See   Feamentation    (Potrefac- 

its  parts  is  capable  of  producing,  but  is  like-  tive). 

wise  exposed  to  the  air  of  tlie  atmosphere  in  ANIME,  improperly  called  gum-anime, 
the  lungs,  into  which  tliat  elastic  fluid  is  ad-  is  a  resinous  substance  imported  from  New 
mitted  by  the  act  of  respiration.  Here  it  Spain  and  tHe  Brazils. '  There  are  two  kinds, 
undergoes  a  change  of  the  same  nature  as  d^tinguished  by  the  names  of  oriental  and 
happens  to  other  combustible  bodies,  when  occidental.  Tlie  former  is  dry,  and  of  an  un- 
Chey  combine  with  its  vital  part,  or  oxygen,  certain  colour,  some  specimens  being  green- 
This  vital  part  becomes  condensed,  and  com-  ish,  some  reddish,  and  some  of  the  brown 
bines  with  the  blood,  at  the  same  time  that  it  colour  of  myrrh.  Tlie  latter  is  in  yellow- 
gives  out  a  large  quantity  of  heat,  in  conse-  ish-white,  transparent,  somewhat  unctuous 
quence  of  its  own  capacity  for  heat  being  di-  tears,  and  partly  in  larger  masses  ;  brittle,  of 
minislied.  A  small  portion  of  azote  likewise  a  light  pleasant  taste,  easily  melting  in  the 
is  absorbed,  and  carbonic  acid  is  given  out  fire,  and  burning  with  an  agreeable  smell. 
Some  curious  experiments  of  SpaUanzani  Like  resins,  it  is  totally  soluble  in  alcohod, 
show,  that  the  lungs  are  not  the  sole  organs  and  also  in  oil.  Water  takes  up  about  I- 16th 
by  which  these  changes  are  effected.  Worms,  of  the  weight  of  this  resin  by  decoction.  The 
insects,  shells  of  land  and  sea  animals,  egg  spirit,  drawn  off  by  distillation,  has  a  con- 
shells,  fishes,  dead  animals,  and  parta  of  ani-  siderable  degree  of  the  taste  and  flavour  of 
mals,  even  after  they  have  become  putrid,  are  the  anime ;  the  distilled  water  discovers  on 
capable  of  absorbing  oxygen  from  the  air,  and  its  surface  some  small  portion  of  essential  oil. 
giving  out  carix)nic  add.  Tliey  deprive  at-  This  resin  is  used  by  perfumers,  and  also 
naojpberic  air  of  its  oxygen  as  completely  as  in  certain  plasters,  wherein  it  has  been  sup- 
phosphorus.  Shells,  however,  lose  this  pro-  posed  to  be  of  service  in  nervous  affections  of 
perty  when  their  organization  is  destroyed  by  the  head  and  other  parts;  but  there  are  no 
Mge.  Amphibia,  deprived  of  their  lungs,  reasons  to  think,  that,  for  medical  purposes, 
lived  much  longer  in  the  open  air,  than  otliers  it  differs  from  common  resins. 
in  air  destitute  of  oxygen.  It  is  remarkable,  ANNEAL.  We  know  too  little  of  the 
that  a  larva,  weighing  a  few  grains,  would  arrangement  of  particles,  to  determine  what 
consume  almost  as  much  oxygen  in  a  given  it  is  that  constitutes  or  produces  brittleness 
time,  as  one  of  the  amphibia  a  thousand  times  in  any  substance.  In  a  considerable  number 
its  bulk.  of  instances  of  bodies  which  are  capable  of 
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undfirgoing  ignitioii,  it  u  found  that  ludden  gles,  distinguishes  it  from  feUpur,  two  of 

cooling  renders  them  hard  and  brittle.    This  whose  cleavages  are  at  right  angles  to  each 

is  a  real  inconvenience  in  glass,  and  also  in  other. 

steel,  when  this  metallic  substance  is  required  ANTHOPHYLLITE.  A  massiTe  mi- 
to  be  soft  and  flexible.  Tlie  inconveniencies  neral  of  a  brownish  colour;  sometimes  also 
are  avoided  by  cooling  them  very  gradually ;  crystallized  in  thin  flat  six-sided  prisms, 
and  thu  process  is  called  annealing.  Glass  streaked  lengthways.  It  has  a  false  metallic 
vessels,  or  other  articles,  are  carried  into  an  lustre,  glistening  and'  pearly.  In  crystals, 
oven  or  apartment  near  the  great  furnace,  transparent  Massive ;  only  translucent  on 
called  the  leer,  where  they  are  permitted  to  the  edges.  It  does  not  scratch  glass,  but 
cool,  in  a  greater  or  less  time,  according  to  fluate  of  lime.  Specific  gravity  3,^  Some* 
their  thickness  and  bulk.  The  annealing  of  what  hard,  but  exceedingly  brittle.  Infusible 
steel,  or  other  metallic  bodies,  consists  simply  alone  before  the  blowpipe,  but  with  borax  it 
in  headng  them,  and  suffering  them  to  cool  gives  a  grass-green  transparent  bead.  It  con- 
again,  either  upon  the  hearth  of  the  furnace,  sists  of  56  silica,  13.3  alumina,  14  magnesia, 
or  in  any  other  situation  where  the  heat  is  3.33  lime,  6  oxide  of  iron,  3  oxide  of  man- 
moderate^  or  at  least  the  temperature  is  not  ganese,  1.43  water,  and  2.94  loss,  in  100.  It 
very  cold.  is  found  at  Konigsbeig  in  Norway. 

ANNOTTO.     The  pelUcles  of  the  seeds  ANTHRACITE.    Blind  coal,  Kilkenny 

of  the  bixa  orellanth  a  liliaceous  shrub,  from  coal,  or  glance  coaL  Hiere  are  three  varieties. 

15  to  20  feet  high  in  good  ground,  afford  the  1.  Massive,  the  concfaoidal  of  Jameson.     Its 

red  masses  brought  into  Europe  under  the  colour  is  iron-black,  sometimes  tamislied  on 

name  of  Annotto,  Orlean,  and  Roucou.  the  surface,  with  a  splendent  metallic  lustr& 

The  annotto  commonly  met  with  among  us  Fracture  conchoidal,  with  a  pseudo-metallic 

is  moderately  hard,  of  a  brown  colour  on  the  '  lustre.     It  is  brittle  and  light     It  yields  no 

outside,  and  a  dull  red  within.     It  is  diffi-  flame,  and  leaves  whitish  ashes.     It  is  found 

culily  acted  upon  b^  water,  and  tinges  the  in  the  newest  floetz  formations,  at  Meissncr 

liquor  only  of  a  pale  brownish-yellow  colour,  in  Hesse^  and  Walsall  in  Staffbrdshire.     2. 

In  rectified  spirit  of  wine  it  very  readily  dis-  Slaty  anthracite.  Colour  black,  or  brownish- 

solves,  and  communicates  a  high  orange  or  black.  Imperfect  slaty  in  one  direction,  with 

yellowish-red.     Hence  it  is  used  as  an  ingre-  a  slight  metallic  lustre.     Brittle.     Specific 

dient  in  varnishes,  for  giving  more  or  less  of  gravity  1.4  to  1.8.  Consumes  without  flames 

an  orange  cast  to  the  simple  yellows.  It  is  composed  of  72  carbon,   13  silica,  3.3 

Sulphuric  ether  is  the  best  solvent  of  an^  alumina,  and  3.5  oxide  of  iron.     It  is  found 

notto.     Potash  and  soda,  either  caustic  or  in  both  primitive  and  secondary  rocks :  at 

carbonated,  dissolve  annotto  in  great  quanti-  Calton  lUll,  Edinburgh ;  near  Walsall,  Staf- 

ties ;  from  which  solutions  it  is  ^rown  down  fordshire ;  in  the  southern  parts  of  Breck- 

by  acids  in  small  flocks.     The  alkaline  solu-  nockshire^  Carmarthenshire^  and  Pembroke- 

tions  are  of  a  deep  red  colour.     Chlorine  de-  shire,  whence  it  is  called  Welsh  culm ;  near 

colours  the  alcoholic  solution  of  annotto ;  the  Cumnock  and  Kilmarnock,  Ayrshire ;  and 

liquor  becoming  speedily  white  and  milky,  most  abundantly  at  Kilkenny,  Ireland.     3. 

If  strong  sulphuric  acid  be  poured  on  annotto  Columnar  anthracite.     In  small  short  pris- 

in  powder,  the  red  colour  passes  immediately  matic  concretions,  of  an  iron-black  colour, 

to  a  very  fine  indigo  blue :  but  this  tint  is  not  with  a  tarnished  metallic  lustre.  It  is  brittle^ 

permanent ;  it  changes  to  green,  and  finally  soft,  and  light    It  yields  no  flame  or  smoke, 

to  violet,  in  the  course  of  24  hours  thereafter.  It  forms  a  thick  bed  near  Sanquhar  in  Dum- 

This  property  of  becoming  blue  belongs  also  fries-shire ;  at  Saltcoats  and  New  Cumnock 

to  saffron.     Nitric  acid,  slightly  heated  on  in  Ayrshire.     It  occurs  also  at  Meissner  in 

annotto,  sets  it  on  fire ;  and  a  finely  divided  Hesse. 

charcoal  remains.     Annotto  is  soluble  both  ANTIMONY.     The  word  antimony  is 

in  essential  oils  as  oil  of  turpentine,  and  in  used  in  commerce  to  denote  a  metallic  orc^ 

fixed  oils.—- '^oMMtngau^,  Ann,  de  Chim,  et  consisting  of  sulphur  combined  with  the  metal 

de  Phyt.  xxviii.  440.  which  is  properly  called  Antimony.     Some^ 

Beside  its  use  in  dyeing,  it  is  employed  for  times  this  sulphuret  is  termed  crude  anti- 
colouring  cheese.  mony,  to  distinguish  it  from  the  pure  metal^ 

ANORTHITE.  The  primitive  form  of  or  regulus,  as  it  was  formerly  called, 
this  mineral  is  a  doubly  oblique  prism.  Hie  Antimony  is  of  a  dusky-white  colour,  very 
lustre  of  the  cleavages  is  pearly,  and  that  of  brittle,  and  of  a  plated  or  scaly  texture.  Its 
the  conchoidal  fracture  vitreous.  The  crystals  specific  gravity,  according  to  M.  Brisson,  is 
of  anorthite  are  clear  and  transparent,  but  6.7021,  but  Bergman  m2ces  it  6.86.  Soon 
small.  Sp.  grav.  2.763.  Strong  muriatic  add  after  ignition,  about  800^  F.,  it  melts,  and  by 
entirely  decomposes  it  It  consists  of  silica  a  continuance  of  the  heat  it  becomes  oxidised, 
44^49,  alumina  34.46,  oxide  of  iron  0.74,  and  rises  in  white  fumes ;  which  may  after- 
lime  15.68»  magnesia  5.26.— Am^.  The  ward  be  volatilized  a  second  time,  or  fused 
name  anorthite,  signifying  without  right  an-  into  a  hyacinthine  glass,  according  to  the 
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siasBgement  of  the  heat  The  lint  were  for-  riadc  acid,   disengaging  only  sulphuretted 

naerly  called  argentine  flowers  of  regulus  of  hydrogen.      It  is  also  formed  by  passing 

antimony.      In  closed  vessels  the  antimony  sulphuretted  hydrogen  through  solution  of 

rises  totally  without  decomposition.     This  emetic  tartar,  or  through  butter  of  antimony 

metallic  substance  is  not  subject  to  rust  by  dissolved  in  water  and  tartaric  add.     It  is  in 

exposure  to  air,  though  its  surface  becomes  this  case  of  an  orange  colour,  but  is  a  simple 

tarnished  by  that  means.  sulphuret,  as  is  also,  according  to  him,  kermes 

There  are  certainly  three,  possibly  four  dis-  mineraL     The  latter  substance  yielded  him, 

tinct  oombinationa  of  antimony  and  oxygen,  in  100  parts,  72,32  antimony  -|-  27.68  sul- 

].  Tlie  protoxide  of-  Berzelius  is  a  blackish-  phur.     Now  the  native  sulphuret  by  Bene- 

grey  powder,  obtained  from  a  mixture  of  pow-  lius  contains  72.86  -|-  27.14;  a  near  ap- 

der  of  antimony  and  water  at  the  positive  pole  proximation.     This  seems  to  consist  of  U 

of  a  voltaic  circuit.      Heat  enables  this  oxide  metal  -|-  4  sulphur,  or  to  be  a  bisulphuret. 

to  absorb  oxygen  rapidly,  converting  it  into  the  The  next  sulphuret  has  an  orange  colour, 

tritoxide;   According  to  Berzelius,  it  consists  which  resembles  a  good  deal  the  golden  sul- 

of  100  of  metal,  and  4.65  oxygen.     It  must  phuret    It  is  form^  by  passing  sulphuretted 

be  confessed,  however,  that  die  data  for  fix-  hydrogen  through  a  solution  of  antimonious 

ing  these  proportions  are  very  doubtful.     2.  acid.     Hie  best  way  of  procuring  antimo- 

The  deutoxide  may  be  obtained  by  digesting  nious  add  in  solution,  is  to  dissolve  antimony 

the  inetal  in  powder  in  muriatic  add,  and  in  aqua  regia,  and  to  evaporate  the  solution 

pouring  the  solution  into  water  of  potash,  to  dryness.    Hie  antimonic  acid  tlius  formed 

Wash  and  dry  the  predpitate.     It  is  a  pow-  b  then  ignited,  to  convert  it  into  antimonious 

der  of  a  dirty-white  colour,  which  melts  at  acid ;   which  is  to  be  melted  with  caustic 

a  moderate  red  heat,  and  crystallizes  as  it  potash,  and  the  fused  mass  is  to  be  treated 

cools.     According  to  Berzehus,  it  consists  of  with  hydrochloric  add  and  water,  till  a  dear 

84.3  metal  -|-  I5w7  oxygen.     3.  Hie  trit-  liquor  be  obtained.     Tlie  sulphuret  formed 

oxide^  or  andmonions  add,  is  the  immediate  as  above  from  this  solution  consists  of  66.35 

product  of  the  combustion  of  the  metal,  metal  -|-  33.65  sulphur.     The  third  sulphu- 

called  of  old,  from  its  fine  white  colour,  the  ret  is  the  sufphur  antimonU  auratum,   of 

argentine  flowers  of  antimony.     It  may  also  which  no  analysis  is  given.— -^nn.  de  Chim> 

t>e  formed  by  digesting  hot  nitric  add  on  1825. 

antimony.  When  fused  with  one>fourth  of  Chlorine  gas  and  antimony  combine  with 
andmony,  the  whole  becomes  deutoxide.  It  combusdon,  and  a  bichloride  results.  Hiis 
forms  the  salts  called  andmonites  with  the  was  formerly  prepared  by  distilling  a  mixture 
different  bases.  According  to  Berzelius,  the  of  two  parts  of  corrosive  sublimate  with  one 
tritoxide  consists  of  about  80  metal  -f>  20  of  andmony.  The  substance  which  caAe 
oxygen.  4b  The  peroxide,  or  andmonic  add,  over,  having  a  fatty  consistence,  -was  called 
is  formed  when  the  metal  in  powder  is  ignited  butter  of  andmony.  It  is  frequendy  cry». 
along  with  six  times  its  weight  of  nitre  in  a  tallized  in  four-sided  prisms.  It  is  fusible 
silver  crudble.  The  excess  of  potash  and  and  volatile  at  a  moderate  heat ;  and  is  re- 
nitre  being  afterwards  separated  by  hot  water,  solved  by  water  alone  into  the  white  oxide 
the  andmoniate  of  potash  is  then  to  be  de-  and  muriadc  acid.  Bdng  a  bichloride,  it  is 
composed  by  muriadc  add,  when  the  insolu-  emlnendy  corrosive,  like  the  bichloride  of 
ble  andmonic  add  of  a  straw  Colour  will  be  mercury,  from  wbidi  it  is  formed.  It  con- 
obtained.  Nitro-muriadc  add  likewise  con-  ststs  of  45.7  chlorine  4~  ^3  andmony, 
verts  the  metal  into  the  peroxide.  Though  according  to  Dr  John  Davy's  analysis,  when 
insoluble  in  water,  it  reddens  the  vegetable  the  composidon  of  die  sulphuret  is  corrected 
blues.  It  does  not  combine  with  adds.  At  by  its  recent  exact  analysis  by  Berzelius. 
a  red  beat  oxygen  is  disengaged,  and  anti-  But  1 1  andmony  -}-  2  primes  chlorine  ^ 
monioufl  add  results.  Berzelius  infers  its  9.0,  give  the  propordon  per  cent  of  44. 1  .4. 
compoddon  to  be  76.34  metal  -|-  23.66  55.5;  a  good  coinddence,  if  we  consider  the 
oxygen.  It  is  diflicult  to  reconcile  die  above  circuitous  process,  by  which  Dr  Davy's  an*, 
three  pordons  of  oxygen  to  one  prime  equi-  lysis  was  performed.  Three  parts  of  com>- 
valent  for  andmony.  The  number  1 1  gives  sive  sublimate,  and  one  of  metallic  andmony, 
the  best  approximadon  to  Berzelius's  analy-  are  the  equivalent  propordons  for  making 
ses.     We  diall  then  have  the  ,  butter  of  andmony. 

7n  100  jxirts.         Iodine  and  andmony  combine  by  the  aid 

Deutozidellmetal-}-2oxy.  or  84.6-1- 15.4  of  heat  into  a  solid  iodide^  of  a  dark  red 

Tritoxide   11  +^  7a6-f  21.4  colour. 

Peroxide    11  +^  7a44-  26.6         The  phosphuret  of  this  metal  is  obtained 

The  first  oxide  is  too  imperfecdy  known  by  fusing  it  with  solid  phosphoric  add.     It 

to  enter  into  the  argument.  is  a  white  semi-crystalline  substance. 

M.   Rose  of  Berlin  has  ascertained  the         The  sulphuret  of  andmony  exists  abun- 

existence  of  three  sulphurets  of  andmony.  dandy  in  nature.    (See  Ores  of  Antimony.) 

The  nadvc  mineral  dissolves  entirely  in  mu-  It  consists)  according  to  Berzelius,  of  100 


ANTIMONY. 


170 


ANTIMONY. 


aadmony  -}-  87.25  suipbur.  The  propor- 
tion given  by  the  above  equivalent  ratio  is 
100  -|-  36.5.  Other  analysts  have  found 
30,  33,  and  35,  to  100  of  metaL  BerseUus 
admits  that  there  may  be  a  slight  error  in 
bis  numbers. 

The  only  important  alloys  of  antimony  are 
those  of  lead  and  tin :  the  former  constitutes 
type  metal,  and  contains  about  one-sixteenth 
of  antimony ;  the  latter  alloy  is  employed  for 
making  the  plates  on  which  music  is  engraved. 
When  this  alloy  is  acted  on  by  nitric  acid 
with  heat,  the  tin,  in  becoming  an  insoluble 
oxide,  carries  down  with  it  the  antimony,  ac- 
cording to  M.  Bussolin. 

The  salts  of  antimony  are  of  two  differ- 
ent orders :  in  the  first,  the  deutoxide  acts 
the  part  of  a  salifiable  base;  in  the  second, 
the  tritoxide  and  peroxide  act  the  part  of 
acids,  neutralizing  the  alkaline  and  other 
bases,  to  constitute  the  antimonites  and  anti- 
mffpifttpfft 

Tlie  only  distinct  combination  of  the  first 
order  entitled  to  our  attention,  is  the  triple 
salt  called  tartrate  of  potash  and  antimony, 
or  tartar  emetic,  and  which,  by  M.  Gay  Lus- 
8ac*s  new  views,  would  be  styled  cream-tar- 
trate  of  antimony.  This  constitutes  a  valu^ 
able  and  powerful  medicine,  and  therefore 
the  mode  of  preparing  it  should  be  conectly 
and  clearly  defined.  As  the  dull  white 
deutoxide  of  antimony  is  the  true  basis  of 
this  compound  salt,  and  as  that  oxide  readily 
passes  by  mismanagement  into  the  tritoxide 
or  antimonious  acid,  which  is  altogether  un- 
fit for  the  purpose,  adequate  pains  should  be 
taken  to  guard  against  so  capital  an  error. 
In  former  editions  of  the  British  Pbarmaco- 
poeiaa,  the  glass  of  antimony  was  prescribed 
as  the  basis  of  tartar  emetic.  More  complex 
and  precarious  formulae  have  been  since  in- 
troduced. The  new  edition  of  the  Fharma- 
oop^  Fran9aise  has  given  a  recipe,  which 
^>pears,  with  a  sliglit  change  of  proportions^ 
to  be  unexceptionable:— Take  of  the  sulphu- 
retted vitreous  oxide  of  antimony,  levigated 
and  acidulous  tartrate  of  potash,  equal  parts. 
Form  a  powder,  which  is  to  be  put  into  an 
earthen  or  nlver  vessel,  witli  a  suflSdent 
quantity  of  pure  water.  Boil  the  mixture 
for  half  an  hour,  adding  boiling  water  from 
time  to  time ;  filter  the  hot  liquor,  and  eva- 
porate to  dryness  in  a  porcelain  capsule; 
dissolve  in  boiling  water  the  result  of  the 
evaporation;  evaporate  till  the  solution  ac- 
quires the  sp.  grav.  1.161,  and  then  let  it 
repose,  that  crystals  be  obtained,  which,  by 
this  process,  will  be  pure.  By  another  re- 
cipe, copied,  with  some  alteration,  from  Mr 
I%ilips's  prescription,  into  the  appendix  of 
the  French  Pharroacopceia,  a  subsulpbate  of 
antimony  is  formed  first  of  all,  by  digesting 
two  parts  of  sulphuret  of  antimony  at  a  mo- 
derate beat,  with  three  parts  of  oil  of  vitriol. 
This  insoluble  subsulpbate  being  well  washed, 


is  then  digested  in  a  quantity  of  boiling  water 
with  its  own  weight  of  cream  of  tartar,  and 
evaporated  to  the  density  of  1.161,  after 
which  it  is  filtered  hot.  On  cooling,  crystals 
of  the  triple  tartrate  are  obtained.  One  might 
imagine,  that  there  is  a  chance  of  obtaining  by 
this  process  a  mixture  of  sulphate  of  potash, 
and  perhaps  of  a  triple  sulphate  of  antimony, 
along  with  the  tartar  emetic  Probably  this 
does  not  happen ;  for  it  is  said  to  yield  crys- 
tals, very  pure,  very  white,  and  without  any 
mixture  vrhatever. 

Pure  tartar  emetic  is  in  colourless  and 
transparent  tetrahedrons  or  octohedrons.  It 
reddens  litmus.  Its  taste  b  nauseous  and 
caustic  Exposed  to  the  air,  it  effloresces 
slowly.  Boiling  water  dissoWes  half  its 
weight,  and  cold  water  a  fifteenth  part 
Sulphuric,  nitric,  and  muriatic  adds,  when 
poured  into  a  solution  of  this  salt,  predpitate 
its  cream  of  tartar ;  and  soda,  potash,  ammo- 
nia, or  their  carbonates,  throw  down  its  oxide 
of  antimony.  Baryta,  strontia,  and  lime  wa- 
ters, occasion  not  only  a  predpitate  of  oxide 
of  antimonj,  like  the  alkalis,  but  also  in- 
soluble tartrates  of  these  earths.  That  pro- 
duced by  the  alkaline  hydrosulphurets  is 
wholly  fimned  of  kermes ;  while  that  caused 
by  sulphuretted  hydrogen  contains  both  ker- 
mes  and  cream  of  tartar.  The  decoctions 
of  several  varieties  of  dnchona,  and  of  seve- 
ral bitter  and  astringent  plants,  equally  d&. 
compose  tartar  emetic;  and  the  precipitate 
then  always  consists  of  the  oxide  of  anti- 
mony, combined  with  the  vq^table  matter 
and  cream  of  tartar.  Fhysidans  ought  there- 
fore to  beware  of  such  incompatible  mixtures. 
When  tartar  emetic  is  exposed  to  a  red  heat, 
it  first  blackens,  like  all  organic  compounds, 
and  afterwards  leaves  a  residuum  of  metallic 
antimony  and  subcarbonate  of  potash.  From 
this  phenomenon,  and  the  deep  brownish-red 
predpitate  by  hydrosulphurets,  this  antimo- 
nial  combination  may  readily  be  recognized. 
The  predpitate  may  further  be  dried  on  a 
filter,  and  ignited  with  black  flux,  when  a 
globule  of  metallic  antimony  wiU  be  ob- 
tained. Infusion  of  galls  is  an  active  pre- 
cipitaqt  of  tartar  emetic 

This  salt,  in  an  undue  dose,  is  capable  of 
acting  as  a  poison.  The  best  antidotes  are 
demulcent  drinks,  infusions  of  bark,  tea,  and 
sulphuretted  hydrogen  water,  which  instantly 
converts  the  energetic  salt  into  a  relatively 
mild  sulphuret:  anodynes  are  useful  after- 
wards. 'Hie  powder  of  tartar  emetic,  mixed 
with  bog's  lard,  and  applied  to  the  skin  of  the 
human  body,  raises  small  vesications. 

The  composition  of  this  salt,  according  to 
M.  Thenard,  b  35.4  add,  39.6  oxide,  16.7 
potash,  and  8.2  water.  The  presence  of  the 
latter  ingredient  b  obvious, .  iVom  the  undis- 
puted phenomenon  of  efilorescence.  By  a 
recent  analysis  of  Mr  I'hilips,  this  salt  is 
composed  of-* 
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1  siombkwtrateofpotasb»     29.5      40.56  rat  of  potash  or  soda.     The  alkatfne  has* 

3  atoms  protoxide  of  antunoDy,  1 9.5      4S.  97  being  laid  hold  of,  the  sulphuretted  hydrogen 

3  atoms  «rater,                           3.375     7.45  and  sulphur  to  which  they  were  united,  are 

— ^^  set  at  liberty ;  the  sulphur  and  kenqes  fidl  to- 

100.00  gether,  combine  with  it,  and  form  an  orange- 

Dr  Hiomson,  however,  assigns  only  2  coloured  compound,  called  the  golden  suU 

atoms  of  water,  from  his  researches  published  phuret  of  antimony.     It  is  a  hydroguretted 

in  hb  work  on  the  first  principles  of  Chemis-  sulphuret  of  antimony.     Hence,  when  it  is 

try.     ILeir  atomic  number  for  the  oxide  of  digested  with  warm  muriatic  add,  a  large 

antimony  is  one>half  of  mine.  residuum  of  sulphur  is  obtained,  amounting 

The  deutoxide  seems  to  have  the  property  sometimes  to  12  per  cent.     Kennes  is  com- 

of  combining  with  sulphur  in  various  pro-  posed,  by  Thenanl,  «f  20.3  sulphuretted  hy- 

povtions.    To  this  species  of  compound  must  drogen,  4.15  sulphur,  72.76  oxide  of  anti- 

be  referred  the  liver  of  antimony,  glass  of  noony,  2.79  water  and  loss ;  and  the  golden 

antimony,  and  crocus  melaliorum  of  the  an-  sulphuret    consists   of    17.87   sulphuretted 

ctent  apothecaries.     According  to  M.  Sou^  hydrogen,  68.3  oxide  of  antimony,  and  12 

beirsn,  glass  (tf  antimony  contains— protoxide  sulphur.     M.  Rose  apparently  proves,  that 

(deutoxide  of  Ben.)  91.5,  silica  4.5,  per-  kennes  is  the  same  as  the  native  sulphuret 

cxxide  of  iron  3.2,  sulphuret  of  antimony  of  antimony.     See  above. 

1.9.    Sulphuretted  hydrogen  forms,  with  the  By  evaporating  the  supernatant  kennes 

deutoxide  of  antimony,  a  compound  which  liquid,  and  cooling,  crystals  form,  which  have 

possessed  at  one  time  great  celebrity  in  medi-  been  btely  employed  by  the  calico  printer  to 

cine,  and  of  vHiich  a  modification  has  lately  give  a  topical  orange.    These  crystals  are  dia- 

bcen  introduced  into  the  art  of  calico-printing,  solved  in  water,  and  the  solution  being  thick- 

By  dropping  hydrosulphnret  of  potash,  or  of  ened  with  paste  or  gum,  is  applied  to  doth 

ammonia,  into  the  cream  tartrate,  or  into  mild  in  the  usual  way.  -   After  the  cloth  is  dried, 

muriate  d  antimony,  the  hydrosulphuret  of  it  is  passed  through  a  dilute  add,  when  the 

die  metallic  oxide  predpitates  of  a  beautiful  orange  predpitate  is  deposited  and  fixed  on 

deep  orange  odour.    Hiis  is  kertnes  mmeraL  the  vegetable  fibres. 

Clusd's  process  for  obtaining  a  fine  kermest  An  empirical  antimonial  medicine,  called 

fight,  velvety,  and  of  a  deep  purple-brown,  is  James's  powder,  has  been  much  used  in  thu 

the  following :— 'One  part  of  pulverised  suU  country.     Tlie  inventor  called  it  his  fiver 

phuret  of  antimony,  22(  parts  of  crystallized  powder,  and  was  so  successful  in  his  practice 

snbcaibonate  of  soda,  and  200  parts  of  wa-  with  it,  that  it  obtained  very  great  reputation> 

ter,  are  to  be  boQed  together  in  an  iron  pot.  which  it  still  in  some  measure  retains.    Pto>- 

Filter  the  hot  liquor  into  warm  earthen  pans,  bably  the  success  of  Dr  James  was  in  great 

and  allow  them  to  cool  very  slowly.     At  the  measure  owing  to  his  free  use  of  the  bark» 

end  of  24  hours  the  kennes  is  deposited,  which  he  always  gave  as  largely  as  the  sto- 

Throw  it  on  a  filter,  wash  it  with  water  which  mach  would  bear,  as  soon  as  he  had  com- 

had  been  boiled  and  then  cooled  out  of  con«  pletdy  evacuated  the  primae  viie  by  the  use 

tact  vrith  air.    Dry  the  kennes  at  a  tempera-  of  his  antimonial  preparation,  with  which  at 

ture  of  85^,  aqd  preserve  in  corked  phials.'  first  he  used  to  combine  some  mercurial.  His 

Whatever  may  be  the  process  employed,  by  specification,  lodged  in  Chancery,  is  as  foU 

boiling  the  liquor,  after  cooling  and  filtration,  lows :— "  Take  antimony,  calcine  it  vrith  a 

on  new  sulphuret  of  antiipony,  or  upon  that  continued  protracted  heat,  in  a  flat,  unglazed, 

which  was  left  in  the  former  operation,  this  earthen  vessel,  adding  to  it  from  time  to  time 

new  liquid  will  deposit,  on  cooling,  a  new  a  suffident  quantity  of  any  animal  oil  and 

quantity  of  kermes.     Besides  the  hydrosul-  salt,   well  dephlegmated ;    then  boil  it  in 

phnretted  oxide  of  antimony,  there  is  formed  melted  nitre,  for  a  considerable  time,  and 

a  sulphuretted  hydrosulphuret  of  potash  or  separate  the  powder  from  the  nitre  by  dis- 

soda.     Consequently,  the  alkali  seizes  a  por-  solving  it  in  water."     The  real  recipe  has 

tion  of  the  sulphttf  from  the  antimonial  sul-  been  studiously  concealed,  and  a  false  one 

phuret,  water  is  decomposed,  and  whilst  a  published  in  its  stead.     Different  formulie 

portion  of  its  hydrogen  unites  to  the  alkaline  have  been  offered  for  imitating  it.     That  of 

sulphuret,  its  oxygen,  and  the  other  portion  Dr  Pearson  furnishes  a  mere  mixture  of  an 

of  its  hydrogen,  combine  with  the  sulphuret-  oxide  of  antimony  with  phosphate  of  lime. 

ted  antimony.     It  seems,  that  the  resulting  The~real  powder  of  James,  according  to  this 

kermes  remains  dissolved  in  the  sulphuretted  chemist,  consists  of  57  oxide  of  antimony, 

hydrosulphuret  c^  potash  or  soda ;  but  as  it  vrith  43  phosphate  of  lime.     It  seems  highly 

is  less  soluble  in  the  cold  than  the  hot,  it  is  probablethat  superphosphate  of  lime  would  act 

partially  precipitated  by  refrigeration.      If  on  oxide  ofantimony  in  a  way  somewhat  simi- 

we  pour  into  the  supernatant  liquid,  after  the  lar  to  cream  of  tartar,  and  produce  a  more  che- 

kermes  is  deposited  and  removed,  any  add,  mical  combination  than  wliat  can  be  derived 

as  the  dilute  nitric,  suljrfiuric,  or  muriatic,  from  a  precarious  ustulation,  and  calcination, 

we  deoompoie  the  sulphuretted  hydiosulphu-  of  hartshorn  ihavings  and  sulphuret  of  anti- 
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mony,  in  ardinary  handik     The  antimonial  bniiied,  it  melts  and  buntM^^^Jfuude Ckitm 

medicines  are  powerful  deobstnients,  pro-  Oct*  182& 

moting  particularly  the  cuticular  discharge.  A  NTS.     See  Acm  (Formic). 

The  union  of  this  metallic  oxide  with  suU  APATITE.     Phosphate  of  lime.     This 

phuretted  hydrogen,  ought  undoubtedly  to  f»-  mineral  occurs  both  maasiTe  and  crystallized. 

TOur  its  medicinal  agency  in  chronic  diseases  The  crjrstals  are  siz-aided  prisms^  low,  and 

of  the  skin.  The  kermes  deserves  more  credit  sometimes  passing  into  the  six-sided  tables 

than  it  has  hitherto  received  from  British  Lateral  edges  frequently  truncated,  and  the 

physicians.  fiices  smooth.     Lustre  splendenL     TVanshi- 

The  compounds  formed  by  the  antimoni?  cent,  rarely  tnmsparent     Scratched  by  fluor 

ons  and  antimonic  acids  with  the  bases,  have  spar.     Brittle.    Colours,  white,  wine-yellow, 

not  been  applied  to  any  use.     Muriate  of  green,  and  red.      Sp.  gr.  3.1.      Pbospho- 

baryta  may  be  employed  as  a  test  for  tartar  resces  on  coals.    Electric  by  heat  and  friction, 

emetic     It  will  show,  by  a  precipiute  inso-  Consists  of  53.75  lime  -|"  46.25  phosphoric 

luble  in  nitric  acid,  if  sulphate  of  potash  be  add,  by  Klaproth's  analysis  of  the  variety 

present.    If  the  crystak  be  regularly  formed,  called  asparagus  stone.     It  occurs  in  primi- 

mere  tartar  need  not  be  susp<^ted.  tive  rocks ;  in  the  tin  veins  of  the  granite  of 

For  its  ores,  saline  compounds,  and  the  St  Michael's  Mount,  Cornwall ;  near  Chud- 

reduction  of  the  metals,  see  Ores  and  Salt,  leigfa  in  Devonshire ;  at  Nantes  in  France  ; 

A  fulminating  antimonic  powder  has  been  in  St  Gothard,  and  in  Spain ;  and  with  mo- 
prepared  by  M.  Serullas  in  the  following  man-  lybdena  in  granite^  near  Colbeck,  Cumber- 
ner.  Grind  carefully  together  100  parts  of  land.  Phosphoriie  is  massive,  forming  great 
tartar  emetic  and  3  parts  of  lamp-black,  or  beds  in  the  prorince  of  Estremadura.  Yd- 
ordinary  charcoal  powder.  Crucibles  capa-  lowjsh-white  colour.  Dull  or  glimmering 
ble  of  holding  about  3  ounces  of  water,  to  lustre.  Semi-hard.  Fracture  imperfect ; 
be  only  three-fourths  filled,  are  to  be  ground  curve  foliated.  Brittle.  Sp.gr.  2.S.  Phos* 
smooth  on  their  edges,  and  nibbed  inside  phorescent  with  heat  Its  composition,  by 
with  powdered  charcoal,  so  as  to  dust  lightly  Pelleder,  is  59  lime,  34  phosphoric  acid,  I 
thdr  surface,  and  prevent  the  subsequent  carbonic  acid,  2.5  fluoric  add,  2  silica,  1 
adherence  of  the  carbonaceous  cone  which  oxide  of  iron,  and  0.5  muriatic  acid, 
remains  after  the  caldnation.  The  above  APHLOGISTIC  LAMP.  One  which 
mixture  being  introduced  into  the  crucible^  bums  without  flame.  See  CoMBUffnON. 
is  to  be  covered  with  a  layer  of  powdered  APHANITE.*  Tliis  is  the  name  given 
charcoal ;  and  the  joinings  of  the  cover  must  by  Hauy  to  a  rock  apparently  homogeneous^ 
6e  luted.  After  exposure  for  3  hours  to  a  but  really  compound,  in  which  amj&bole  is 
good  heat  in  a  reverberatory  furnace,  the  the  predominant  principle.  It  is  a  green- 
crudble  must  be  removed,  and  left  to  cool  stone,  the  distinction  of  whose  parts  u  indls- 
for  6  or  7  hours.  This  interval  of  time  is  cemible.  Aphanite  is  included  among  the 
necessary  to  allow  the  air,  which  always  rocks,  which  the  older  mineralogists  called 
penetrates  a  little  way  into  the  crudbles,  to  comSennett'  or  tapU  eomeut  trapetxut, 
bum  the  exterior  coat  of  the  fulminating  APHRITE.  Earth  foam;  schaumerde. 
mass ;  otherwise,  if  it  be  taken  out  too  re-  'This  carbonate  of  lime  occurs  usually  in  a 
cently,  there  Is  always  an  explosion.  We  friable  state ;  but  sometimes  solid.  (>>lour, 
must  then  hastily  enclose  it,  without  break-  almost  silver-white.  Massive,  or  in  fine  par- 
ing, into  a  glass  with  a  wide  opening.  Afler  tides.  Sliining  lustre,  between  semi-metal- 
some  timC)  it  spontaneously  breaks  down  into  lie  and  pearly.  Fracture^  curve  foliated, 
fragments  of  different  sizes,  retaining  all  its  Opaque ;  soils  a  little.  Very  sofk^  and 
properties  for  years.  When  the  caldnation  easily  cut.  Feels  fine  and  light.  It  ^  is 
has  been  conducted  as  above,  the  product  is  usually  found  in  calcareous  vdns,  at  Gera 
excessively  fulminating,  so  that,  without  the  in  Minua,  and  Eisleben  in  Thuringia.  It 
least  compression,  it  gives  rise  to  a  violent  consists,  by  Buchols,  of  51.5  lime,  39  add» 
detonation  on  contact  with  water.  100  parts  1  water,  5.7  silica,  3.3  oxide  of  iron, 
of  antimony,  75  of  cari>uretted  cream  of  tar-  APH  RIZITE.  A  variety  of  bbck  toor- 
Ur,  and  12  of  Uunp-black,  triturated  together,  maline. 

form  also  an  excellent  mixture.     A  piece  of  APLOME.  This  is  commonly  considered 

the  size  of  a  pea  of  this  fulminating  com-  to  be  a  variety  of  the  garnet ;  but  the  differ 

pound,  introduced  into  a  mass  of  gunpowder,  rence  between  these  minerals  is  this :— The 

explodes  it  when  thrown  into  water.     It  is  planes  of  the  aplome  dodecahedrons  are  stri- 

to  the  presence  of  potassium  that  the  above  ated  parallel  with  thdr  smaller  diagonal, 

explosive  property  is  due.     60  parts  of  car-  which,  according  to  Haiiy,  indicates  the  pri* 

buretted  cream  of  tartar,  120  of  bismuth,  and  xnitive  form  to  be  a  cube,  and  not  a  dodeca- 

1  of  nitre,  treated  as  above,  yield  an  alloy  hedron.     Its  colour  is  deep  orange-brown, 

very  rich  in  potassium,  of  which  the  smallest  It  is  opaque,  and  harder  than  quartz.     Sp* 

portion  cut  with  scissars  sparkles.     When 

♦  Non  manillMtus. 
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gr.  it  miidi  less  than  gumet,  viz.  3.44^  It 
consislsy  by  Laiigier*&  analysts,  of  40  silica, 
80  alumina,  14b  5  lime,  14  oxide  of  iron,  2 
oxide  of  manganese,  2  silica  and  iron.  It 
is  fusible  into  a  black  glass,  while  garnet 
fuses  into  a  black  enamel.  It  is  found  on 
the  river  Lena  in  Siberia,  and  also  in  New 
Holland. 

APOPHYLLITE.  Ichthyophthalmite. 
Fish-eye  stone.  It  is  found  both  massive 
and  crystallised.  It  occurs  in  square  prisms, 
whose  solid  angles  are  sometimes  replaced  by 
triangular  planes,  or  the  prisms  are  termi- 
nated by  pyramids  consisting  of  4  rhoroboi- 
dal  planes.  Structure  lamellar;  cross  frac- 
tnre,  fine-grained,  uneven.  External  lustre, 
splendent  and  peculiar;  internal,  glistening 
and  pearly.  Semitransparent,  or  translucent. 
Moderately  hard,  and  easUy  broken.  Sp.  gr. 
2.49.  It  exfoliates,  then  froths,  and  melte 
into  an  opaque  bead  before  the  blowpipe.  It 
consists  of  51  silica,  28  lime,  4  potash,  17 
water. — Vauqurttn.  It  is  found  in  the  iron 
mine  of  Utoe  in  Sweden,  at  the  copper  mine 
of  Fahlun,  at  Arendahl,  Faroe,  the  Tyrol ; 
and  Dr  MacCuUoch  met  with  a  solitary  cry»« 
tal  in  Dunvegan,  in  the  Isle  of  Skye. 

APPARATUS.     See  Laboratory. 

APPLES.  Hie  juice  of  apples  seems  to 
be  composed  of  much  water,  a  small  quantity 
of  sugar  analogous  to  that  of  the  grape,  a 
Tery  small  quantity  of  fermentescible  matter, 
a  Ifuge  quantity  of  mucilage,  with  malic  and 
acetic  acids.  There  is  no  tartar  in  apples. 
See  Cyder,  and  Acid  (Malic). 

APYROUS.  Bodies  which  sustain  the 
action  of  a  strong  beat  for  a  considerable  time, 
without  change  of  figure  or  other  properties, 
have  been  called  apyrous ;  but  the  word  is 
seldom  used  in  the  art  of  chemistry.  It  is 
svnonymous  with  refractory* 
'  AQUAFORTIS.  This  name  is  given 
to  a  weak  and  impure  nitric  acid,  commonly 
used  in  the  arts.  It  is  distinguished  by  the 
terms  davJbU  and  wngUt  the  single  being  only 
half  the  strength  of  the  other.  The  artists 
who  use  these  acids  call  the  more  concen- 
trated acid,  which  is  much  stronger  even 
than  the  double  aquafortis,  spirit  vf  nUrt.* 
See  Acid  (Nitric). 

AQUA  MARINE.     See  Beryl. 

AQUA  REGI A  or  REGIS.  This  acid, 
being  compounded  of  a  mixture  of  the  nitric 
and  muriatic  adds,  is  now  termed  by  chemists 
mtro>muriatic  acid. 

AQUA  VIT^  Ardent  spirit  of  the  first 
distillation  has  been  distinguished  in  commerce 
by  this  name.  Hie  distillers  of  malt  and  me- 
Unses  spirits  call  it  low  wines. 

AQUILA  ALBA.  One  of  the  names 
given  to  the  combination  of  muriatic  acid 'and 
mercury,  in  that  state  which  is  commonly 
known  by  the  denomination  d  mercurius 
dvids,  calomel,  or  mild  muriate  of  mercury* 

ARABIC  (GUM).    This  i^  reckoned  the 


purest  of  gums,  and  does  not  greatly  difler 
from  gum-senegal,  vulgarly  called  gum-se- 
neca,  which  is  supposed  to  be  the  strongest, 
and  is  on  this  account,  as  well  as  its  greater 
plenty  and  cheapness,  mostly  used  by  calico 
printers  and  other  manufacturers.  The  gums 
of  the  plum  and  the  cherry-tree  have  nearly 
the  same  qualities  as  gum-arabic.  All  these 
substances  facilitate  the  mixture  of  oils  with 
water.  By  my  analysis,  gum-arabic  is  com- 
posed in  100  parts  of  35.13  carbon,  6.08 
hydrogen,  55.79  oxygen,  and  possibly  3  of 
azote. 

ARABLE  LANDS.  It  is  a  problem  in 
chemistry,  and  by  no  means  one  of  the  least 
importance  to  society,  to  determine  what  are 
the  requisites  which  distinguish  fruitful  landa 
from  such  as  are  less  productive.  See  Soils, 
and  Analysis  of  Soils. 

ARBOR  DIANJE.     See  Silver. 

ARCHIL,  ARCHILLA,  ROCELLA, 
ORSEILLE.  A  whitish  lichen,  growing 
upon  rocks  in  the  Canary  and  Cape  Verd 
Islands,  which  yields  a  rich  purple  tincture, 
fugitive  indeed,  but  extremely  beautiful, 
lliis  weed  is  imported  to  us  as  it  u  gathered, 
lliose  who  prepare  it  for  the  use  of  the  dyer, 
grind  it  betwixt  stones,  so  as  thoroughly  to 
bruise,  but  not  to  reduce  it  into  powder,  and 
then  moisten  it  occasionally  with  a  strong 
spirit  of  urine,  or  urine  itself  mixed  with 
quicklime :  in  a  few  days  it  acquires  a  pur- 
plish-red, and  at  length  a  blue  colour ;  in  the 
first  state  it  is  called  archil,  in  the  latter  lac* 
mus  or  litmus. 

The  dyers  rarely  employ  this  dHSg  by  it- 
self, on  account  of  its  dearness,  and  the 
perishableness  of  its  beauty.  Tlie  chief  use 
they  make  of  it  is  for  giving  a  bloom  to  other 
colours,  as  pinks,  &c.  'Diis  is  effected  by 
passing  the  dyed  cloth  or  silk  through  hot 
water  slightly  impregnated  with  the  archil, 
llie  bloom  thus  communicated  soon  decays 
upon  exposure  to  the  air.  M.  Hellot  in- 
forms us,  that  by  the  addition  of  a  little  so- 
lution of  tin,  this  drug  gives  a  durable  dye ; 
that  its  colour  is  at  the  same  time  changed 
toward  a  scarlet ;  and  that  it  is  the  more  per- 
manent, in  proportion  as  it  recedes  the  more 
from  its  natural  colour. 

Prepared  archil  very  readily  gives  out  its 
colour  to  water,  to  volatile  spirits,  and  to  al- 
cohol ;  it  is  the  substance  prindpally  made 
use  of  for  colouring  the  spirits  of  thermome- 
ters. As  exposure  to  the  air  destroys  its  co- 
lour upon  cloth,  the  exclusion  of  the  air  pro- 
duces a  like  eifect  in  those  hermetically  s^ed 
tubes,  the  spirits  of  large  thermometers  be- 
coming in  a  few  years  colourless.  Tlie  Abb^ 
NoUet  .observes,  (in  the  French  Memoirs  for 
the  year  1742),  that  the  colourless  spirit,  upon 
breaking  the  tube,  soon  resumes  its  colour, 
and  this  for  a  number  of  times  successively ; 
that  a  watery  tincture  of  archil,  included  in 
the  tubes  of  thermometers,  lost  its  colour  in 
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three  days ;  and  that  in  an  open  deep  Teesel 
it  became  colourless  at  the  bottom,  while  the 
upper  part  retained  its  colour. 

A  solution  of  archil  in  water,  applied  on 
oold  marble,  stains  it  of  a  beautiful  violet  or 
purplish-blue  colour,  far  more  durable  than 
the  colour  which  it  communicates  to  other 
bodies.  M.  du  Fay  says  he  has  seen  pieces 
of  marble  stained  with  it,  which  in  two  yean 
had  suffered  no  sensible  change.  It  amks 
deep  into  the  marble,  sometimes  above  an 
inch,  and  at  the  same  time  spreads  upon  the 
surface,  unless  the  edges  be  bounded  by  wax 
or  some  similar  substance.  It  seems  to  make 
t)ie  marble  somewhat  more  brittle. 

There  is  a  considerable  consumption  of  an 
article  of  this  kind  manufactured  in  Glasgow 
by  Mr  Macintosh.  It  is  much  esteemed, 
and  sold  by  the  name  of  cudbear.  We  have 
seen  beautiful  specimens  of  silk  thus  dyed, 
the  colours  of  which  were  said  to  be  very  per- 
manent, of  various  shades,  from  pink  and 
crimson  to  a  bright  mazarine  blue. 

Litmus  is  likewise  used  in  chemistry  as  a 
test,  either  staining  paper  with  it,  or  by  in- 
fusing it  in  water,  when  it  is  very  commonly, 
but  with  great  impropriety,  called  tincivre  of 
tumtoU.  The  persons  by  whom  this  article 
was  prepared  formerly,  gave  it  the  name  of 
turnsole,  pretending  that  it  was  extracted  from 
the  turnsole,  heliotroptum  tricoccum,  in  order 
to  keep  its  true  source  a  secret  The  tincture 
sliould  not  be  too  strong,  otherwise  it  will  have 
a  riolet  tinge^  which,  however,  may  be  re- 
moved by  dilution.  Hie  light  of  the  sun 
turns  it  red  even  in  dose  vessels.  It  may  be 
made  with  spirit  instead  of  water.  This  tinc- 
ture, or  paper  stained  with  it,  is  presently 
turned  red  by  acids :  and  if  it  be  first  red- 
dened by  a  small  quantity  of  vinegar,  or  some 
weak  acid,  its  blue  colour  will  be  restored  by 
an  alkalL 

ARCTIZITE.     See  Webnerite. 

ARDENT  SPIRIT.     See  Alcohol. 

ARENDATE.     See  Fistacite. 

AREOMETER.     See  Hydrometer. 

ARFWEDSONITE.  A  ferruginous  va. 
riety  of  hornblende.  Colour  black ;  cleav- 
age, planes  much  more  brilliant  than  those  of 
hornblende,  which  scratches  it.  Sp.  gravity 
3. 44.  It  sometimes  accompanies  the  sodalite 
fiiom  Greenland. 

ARGAL.  Crude  tartar,  in  the  state  in 
which  it  is  taken  from  the  inside  of  wine  ves- 
sels, is  known  in  the  shops  by  this  name. 

ARGENTATE  OF  AMMONIA.  Ful- 
minating silver. 

ARGENTINE  FLOWERS  OF  AN- 
TIMONY.  The  deutoxide  of  the  English 
chemists,  or  tiie  antimonious  acid. 

ARGILLACEOUS  EARTH.  See  Alu- 
mina. 

A  RGILLI TE.     See  Clay-Slate. 

AROMATICS.  Plants  which  possess  a 
fhigrant  smell  united  with  pungency,  and  at 


the  same  time  are  warm  to  the  tsate,  are 
called  aromatics.  Their  peculiar  flavour  ap- 
pears to  reside  in  their  essential  oil,  and  rises 
in  distillation  either  with  water  or  qpirit.-* 
See  Oils  (Essential). 

ARRACK.  A  spirituous  liquor  imported 
fWiro  the  East  Indies.  It  is  chiefly  manufac- 
tured at  Batavia,  and  at  Goa  upon  the  Ma- 
labar Coast. 

ARRAGONITE.  This  mineral  occurs 
massive,  in  fibres  of  a  silky  lustre,  and  in  the 
form  of  fibrous  branches,  diveiging  from  a 
centre,  Fiopferri,  It  is  fVequentiy  crystal- 
lised in  what  appear  at  first  sight  to  be  regu- 
lar six-sided  prisms.  On  close  inspection  a 
longitudinal  crack  will  be  observed  down  eacb 
lateral  face.  It  occurs  also  in  elongated  oo- 
tohedrons.  Lustre  glassy,  fracture  foliated 
and  fibrous.  Colours  greenish  and  peari- 
grey ;  often  violet  and  green  in  the  middle ; 
and  arranged  in  the  direction  of  the  fibres,  so 
that  the  longitudinal  fibres  are  green,  the 
transverse  violet-blue.  Double  cleavage-^ 
translucent;  refracts  doubly;  scratches  cal- 
careous spar,  and  sometimes  even  glass ;  brit* 
tie;  sp.  grav.  2.90.  It  consists  of  carbonate 
of  lime,  with  occasionally  a  littie  carbonate 
of  strontia.  It  is  found  in  Anagon  in 
Spain ;  at  Leogany  in  Salzburg;  at  Marien- 
berg  in  Saxony ;  Sceraing  in  the  T^rol ;  and 
in  the  carities  of  basalt  near  Glasgow.  The 
finest  specimens  of  the  Flos-ferri  ramifications 
come  from  the  mines  of  Eiaenen  in  Stiria: 
beautiful  specimens  have  been  also  fbund  in 
tfie  Dufton  lead  mines  in  England,  in  the 
workings  of  an  old  coal  mine,  called  Lufton- 
bill  pit,  near  Durham.  It  also  occurs  in  the 
trap  rocks  of  Scotiand. 

ARROWROOT.  This  fecula  is  obtained 
from  the  roots  of  the  Maranta  Anindinacea, 
a  plant  cultivated  in  the  West  Indies.  The 
roots  are  washed,  and  beat  to  a  pulp  in  large 
wooden  mortars,  which  is  afterwards  sepa- 
rated from  fibrous  matter  by  agitation  with 
water  in  large  tubs.  The  milky  liquor  is 
passed  through  a  sieve,  and  allowed  to  sub- 
side. When  thoroughly  washed  and  dried, 
it  constitutes  this  nutritive  species  of  starch, 
very  analogous  to  well  purified  potato  starch. 

ARSENIC,  in  die  metallic  state,  is  of  a 
bluish-white  colour,  subject  to  tarnish,  and 
grows  first  yellowish,  then  black,  by  exposure 
to  air.  It  is  brittie,  and  when  broken  ex- 
hibits a  laminated  texture.  Its  specific  gra- 
vity is  5.76dL  In  close  vessels  it  sublimes 
entire  at  356^  F.,  but  bums  with  a  small 
fiaroe  if  oxygen  be  present' 

The  arsenic  met  with  in  commerce  has 
the  form  of  a  white  oxide^  It  is  brought 
chiefly  from  the  cobalt  works  in  Saxony, 
where  taffre  is  made.  Cobalt  ores  contain 
much  arsenic,  which  is  driven  off  by  long 
torrefaction.  The  ore  is  thrown  into  a  fur- 
nace, resembling  a  baker's  oven,  with  a  flue, 
or  horisontal  chimney,  neariy  two  hundred 
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yards  km|^  into  which  the  fumes  pass,  and 
are  condensed  into  a  greyish  or  blackish  pow- 
der. TUs  b  refined  by  a  second  sublimation 
in  close  vessels,  with  a  little  potash  to  detain 
the  impurities.  As  the  beat  is  conaderable, 
it  melts  the  sublimed  flowers  into  those  crys- 
talline masses  which  are  met  with  in  com- 
merce.    See  Acid  (ARaENious). 

•  The  metal  may  be  obtained  from  this, 
either  by  quickly  fusing  it  together  with  twice 
its  wdght  of  soft  soap  and  an  equal  quantity 
of  alkaliy  and  pouring  it  out,  when  fused,  in- 
to a  hot  iron  cone ;  or  by  mixing  it  in  pow- 
der with  oil,  and  exposing  it  in  a  matrass  to  a 
sand  heat.  This  process  is  too  offensive 
to  be  performed  except  in  the  open  air,  or 
where  a  current  of  air  carries  off  the  fumes. 
The  decomposed  oil  first  rises ;  and  the  ar- 
senic is  afterwards  sublimed  in  the  form  of  a 
flaky  metallic  substance.  It  may  likewise  be 
obtained  by  mixing  two  parts  of  the  arsenious 
add  with  one  of  black  flux ;  putting  the 
mixture  into  a  crucible  with  another  inverted 
over  it,  and  luted  to  it  with  clay  and  sand ; 
and  4q>plying  a  red  heat  to  the  lower  crucible. 
The  metal  will  be  reduced,  and  line 'the  in- 
side of  the  upper  crucible. 

It  is  among  the  most  combustible  of  the 
metals,  bums  with  a  blue  flame  and  garlic 
smeU,  and  sublimes  in  the  state  of  arsenious 
add. 

Chloride  of  Arsenic,  One  part  of  arsenious 
acid,  with  ten  parts  of  concentrated  sulphuric 
addy  is  to  be  put  into  a  tubulated  retort,  and 
the  temperature  raised  to  nearly  212^  F. 
Fragments  of  fused  conunon  salt  are  then  to 
be  thrown  in  by  the  tubulure.  By  continuing 
the  heat,  with  the  successive  addition  of  com- 
mon salt,  protodiloride  of  arsenic  is  obtained. 
It  falls,  drop  by  drop,  from  the  beak  of  the  re- 
tort, and  may  be  collected  in  cooled  vessels. 
'—Dumati  Ann*  de  Chimie,  xxxiii.  360. 

Concentrated  sulphuric  add  does  not  at- 
tack arsenic  when  cold ;  but  if  it  be  boiled 
upon  this  metal,  sulphurous  add  gas  is  emit- 
ted, a  small  quantity  of  sulphur  sublimes, 
and  the  arsenic  is  reduced  to  an  oxide. 

Nitric  add  readily  attacks  arsenic,  and 
converts  it  into  arsenious  acid,  or,  if  much  be 
employed,  into  arsenic  add. 

Boiling  muriatic  add  dissolves  arsenic,  but 
afiects  it  very  little  when  cold.  This  solution 
aSbrds  predpitates  upon  the  addition  of  al- 
kalis. The  addition  of  a  little  nitric  add  ex- 
pedites the  solution ;  and  thb  solution,  first 
heated  and  condensed  in  a  close  vessel,  is 
wholly  sublimed  into  a  thick  liquid,  formerly 
termed  butter  of  artenic.  Thrown  in  powder 
into  chlorine  gas,  it  burns  with  a  bright  white 
flame^  and  is  converted  into  a  chloride. 

None  of  the  earths  or  alkalis  act  upon  it, 
unless  it  be  boiled  a  long  while  in  fine  pow- 
der, in  a  large  proportion  of  alkaline  solu- 
tion. 

Nitrates  detonate  with  arsenic,  convert  it 


into  arsenic  acid,  and  this,  combining  with 
the  base  of  the  nitrate,  forms  an  arseniate, 
that  remains  at  the  bottom  of  the  vessel. 

Muriates  have  no  action  upon  it ;  but  if 
three  parts  of  chlorate  of  potash  be  mixed 
with  one  part  of  arsenic  in  fine  powder, 
which  must  be  done  with  great  precaution 
and  a  very  light  hand,  a  very  small  quantity 
of  this  mixture,  placed  on  an  anvil,  and 
struck  with  a  hammer,  will  explode  with 
flame  and  a  considerable  report;  if  touched 
with  fire,  it  will  burn  with  considerable  rapi- 
dity ;  and  if  thrown  .into  concentrated  sul- 
phuric acid,  at  the  instant  of  contact  a  flame 
rises  into  the  air  like  a  flash  of  lightnings 
which  is  so  bright  as  to  dazzle  the  eye. 

Arsenic  readily  combines  with  sulphur  by 
fusion  and  sublimation,  and  forms  a  yellow 
compound  caUed  orpimerUt  or  a  red  called 
realgar.  The  nature  of  these,  and  thdr  dif- 
ference, are  not  accurately  known ;  but  Four- 
croy  considers  the  first  as  a  combination  of 
sulphur  with  the  oxide,  and  the  second  as  a 
combination  of  sulphur  with  the  metal  itsellv 
as  he  found  the  red  sulphuret  converted  into 
the  yellow  by  the  action  of  acids. 

In  order  to  test  the  opinion  entertained  by 
certain  physidans,  that  sulphuret  of  arsenic  is 
innocuous,  M.  Orfila  made  several  experi- 
ments with  it,  which  shewed  clearly  its  dele- 
terious nature.  On  applying  50  or  60  grains 
of  the  yellow  sulphuret  of  arsenic  to  the 
thighs  of  dogs,  these  animals  suffered  in  the 
same  manner  as  by  other  arsenical  prepara- 
tions, and  died  in  from  48  to  60  hours.  The 
native  orpiment  of  Tojova  poisoned  and 
caused  death  in  two  days.  Death  was  pro- 
duced  in  six  days  by  40  grains  of  native 
realgar  from  Harpnike  in  Transylvania. 
Hence  it  is  shewn,  that  the  sulphurets  of  ar- 
senic, dther  natural  or  artificial,  and  when 
^free  from  white  arsenic,  are  still  poisonous. 
M.  Orfila  proved  by  similar  experiments, 
that  the  sulphurets  of  lead,  copper,  and  mer- 
cury, (red  as  well  as  black),  were  innocuous. 
Most  metals  unite  with  arsenic,  which  exists 
in  the  metallic  state  in  such  alloys  as  possess 
the  metallic  brilliancy. 

Iodine  and  arsenic  unite,  forming  an 
iodide  of  a  dark  purple-red  colour,  possess- 
ing the  properties  of  an  add.  It  is  soluble 
in  water,  and  its  solution  forms  a  soluble 
compound  with  potash.  Arsenic  combines 
with  hydrogen  into  a  very  noxious  cono- 
pound,  called  arsenuretted  hydrogen  gas. 
To  prepare  it,  fuse  in  a  covered  crudble  three 
parts  of  granulated  tin,  and  one  of  metallic 
arsenic  in  powder;  and  submit  this  alloy, 
broken  in  pieces,  to  the  action  of  muriatic 
add  in  a  glass  retort.  On  applying  a  mo 
derate  heat,  the  arsenuretted  hydrogen  comes 
over,  and  may  be  received  in  a  mercurial  or 
water  pneumatic  trough.  Fh>tomuriate  of 
tin  remains  in  the  retort  When  one  of 
anemc  is  used  for  15  of  tin,  thp  former  metal 
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u  entirely  carried  off  in  the  evolTed  hydrogen. 
100  parts  of  this  gas  contain  140  of  hydro- 
gen, as  is  proved  by  heating  it  with  tin. 
Its  specific  gravity,  according  to  Sir  H. 
Davy,  is  0.5552 ;  aooonding  to  Trommsdorf, 
0.529a  Stromeyer  states,  that  by  a  cold  of 
—  22^  it  condenses  into  a  liquid.  Exploded 
with  twice  its  bulk  of  oxygen,  water  and 
oxide  of  arsenic  are  formed.  When  arsenu- 
retted  hydrogen  issuing  from  a  tube  is  set  on 
fire^  it  deposits  a  hydruret  of  arsenic.  Sul- 
phur, potassium,  sodium,  and  tin,  decompose 
this  gas,  combine  with  its  metal,  and  in  the 
case  of  sulphur,  sulphuretted  hydrogen  re- 
sults. By  subtracting  from  the  specific  gra- 
vity of  the  arsenuretted  gas  that  of  hydrogen 
gas  X  T^»  ^c  ^^^  ^  proportion  of  arse- 
nic present;  0.55520— 0.09716  ss  0.45804 
s=  the  arsenic  in  100  measures  of  arsenuret- 
ted hydrogen ;  which  gives  the  proportion  by 
weight  of  about  5  arsenic  to  1  hydrogen ;  but 
Stromeyer*s  analysis  by  nitric  add  gives  about 
50  arsenic  to  1  hydrogen,  which  is  probably 
much  nearer  the  true  composition.  A  prime 
equivalent  of  hydrogen  is  to  one  of  arsenic  as 
1  to  76 ;  and  two  consequently  as  1  to  38. 
Gdilen  fell  a  victim  to  his  researches  on  this 
gas;  and  therefore  the  new  experiments  re- 
quisite to  elucidate  its  constitution  must  be 
.conducted  with  circumspection.  If  chlorine 
be  added  to  a  mixture  of  arsenuretted  and 
sulphuretted  hydrogen,  the  bulk  diminishes, 
and  yellow-coloured  flakes  are  deposited. 
Concentrated  nitric  acid  occasions  an  explo- 
sion in  this  gas,  preceded  by  nitrous  fumes ; 
but  if  the  add  be  diluted,  a  silent  decompo- 
sition of  the  gas  is  effected.  The  density  of 
the  hydrogen  in  this  compound  gas  is 
9.09716.  Tlierefore,  by  Stromeyer's  analysis, 
we  have  this  proportion  to  calculate  the  spe^ 
dfic  gravity  of  the  gas;  2.19  :  a09716  :  : 
(2.19  +  106)  :  4.827;  a  quantity  nearly^ 
9  times  greater  than  what  experiment  has' 
given. 

This  gas  extinguishes  flame,  and  instantly 
destroys  animal  life.  Water  has  no  effect 
upon  it.  From  the  experiments  of  Sir  H. 
Davy  and  MM.  Gay  Lussac  and  Tlienard, 
there  appears  to  be  a  solid  compound  of  hy- 
drogen and  arsenic,  or  a  hydruret.  It  is 
formed  by  acting  with  the  negative  pole  of  a 
voltaic  battery  on  arsenic  plunged  in  water. 
It  is  reddish-brown,  without  lustre,  taste,  or 
smdl.  It  is  not  decomposed  at  a  heat  ap- 
proaching to  cherry-red ;  but  at  this  temper 
rature  it  absorbs  oxygen,  while  water  and 
arsenious  add  are  formed,  with  the  evolution 
of  heat  and  light.  The  proportion  of  the  two 
constituents  is  not  known. 

Arsenic  is  used  in  a  variety  of  arts.  It 
enters  into  metallic  combinations  wherein  a 
white  colour  is  required.  Glass  manufac- 
turers use  it ;  but  its  effect  in  the  composi- 
tion of  glass  does  not  seem  to  be  deariy  ex- 
plained.    Orpiment  and  realgar  are  used  as 


pigments.     See  Aans  (Absbnic^  and  Aase- 
Nious),  and  Salt. 

ASAFGBTIDA  is  obtained  from  a  large 
umbelliferous  plant  growing  in  Persia.  The 
root  resembles  a  large  parsnep,  externally  of 
a  black  colour:  on  cutting  it  transversely,  the 
asafoetida  exudes  in  form  of  a  white  thick 
juice,  like  cream ;  which,  from  exposure  to 
the  air,  becomes  yellower  and  yellower,  and 
at  last  of  a  dark  brown  colour.  It  is  very 
apt  to  run  into  putrefaction ;  and  hence  those 
who  collect  it  carefully  defend  it  from  the 
sun.  Tlie  fresh  juice  has  an  excessively  strong 
smell,  which  grows  weaker  and  weaker  upon 
keeping :  a  «ingle  dram  of  the  fresh  fluid 
juice  smells  more  than  a  hundred  pounds  of 
the  dry  asafoetida  brought  to  us.  The  Per- 
sians are  conunonly  obliged  to  hire  ships  on 
purpose  for  its  carriage,  as  scarcely  any  one 
will  receive  it  along  with  other  commodities, 
its  stench  infecting  every  thing  that  comes 
near  it. 

Tlie  common  asafoetida  of  the  shops  is  of  a 
yellowish  or  brownish  colour,  unctuous  and 
tough,  of  an  acrid  or  biting  taste,  and  a 
strong 'disagreeable  smell,  resembling  that  of 
garlic.  From  four  ounces  Neumann  obtain- 
ed, by  rectified  spirit^  two  ounces  six  drams 
and  a  half  of  resinous  extract ;  and  after- 
ward, by  water,  three  drams  and  half  a 
scruple  of  gummy  extract ;  about  six  drams 
and  a  scruple  of  earthy  matter  remaining 
undissolved.  On  implying  water  at  first,  be 
gained,  from  four  ounces,  one  ounce  three 
scruples  and  a  half  of  gummy  extract. 

Asafoetida  is  administered  in  nervous  and 
hysteric  affections,  as  a  deobstruent,  and 
sometimes  as  an  anthdmintic  A  tincture  of 
it  is  kept  in  the  shops,  and  it  enters  into  the 
composition  of  the  compound  galbanum  pill 
of  the  London  college^  the  gum  pill  of  for- 
mer dispensatories. 

ASBESTOS  or  ASBESTUS.  A  mine- 
ral  of  which  there  are  five  varieties,  all  more 
or  less  flexible  and  fibrous. 

1.  AffdatUhuM  occurs  in  very  long^  fine, 
flexible,  elastic  fibres,  of  a  white,  greenish,  or 
reddish  colour.  It  is  somewhat  unctuous  to 
the  touch,  has  a  silky  or  pearly  lustre,  and  is 
slightly  translucent.  Sectile ;  tough ;  sp.  gr. 
from  l.to  2.a  Mdts  with  difficulty  before 
the  blowpipe,  into  a  white  enamel.  It  is 
usually  found  in  serpentine ;  in  the  Taren- 
taise  in  Savoy ;  in  long  and  beautiful  fibres 
in  Corsica;  near  Bareges  in  the  Pyrenees; 
in  Dauphiny  and  St  Gotiiard;  at  St  Ke- 
veme,  Cornwall;  at  Portsoy,  Sootiand;  in 
mica  slate  at  Glenelg,  Inverness-shire ;  and 
near  Durham.  It  consists  of  59  silex,  25 
magnesia,  9.5  lime,  3  alumina,  and  2.25 
oxide  of  iron. 

The  andenty  manufactured  doth  out  of 
the  fibres  of  asbestos,  for  the  purpose,  it  is 
said,  of  wrapping  up  the  bodies  of  the  dead 
when  exposed  on  the  funeral  pile.     Several 
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moikfM  hive  likewise  gucceeded  in  making 
thb  doth ;  the  chief  artifice  of  which  seems 
to  consiat  in  the  admixture  of  flax  and  a 
libcnl  nse  of  oil ;  both  which  substances  are 
aftarwards  consumed  by  exposing  the  cloth 
for  a  certain  time  to  a  red  heat  Although 
the  doth  of  asbestos,  when  soiled,  is  restored 
to  ita  primitive  whiteness  bj  heating  in  the 
fire;  it  is  found,  nerertbeless,  by  several 
authentic  experiments,  that  its  weight  dimi- 
msfaes  by  such  treatment.  The  fibres  of 
asbestos,  exposed  to  the  violent  heat  oi  the 
blowpipe^  exhibit  slight  indications  of  fusion ; 
though  the  parts,  iniiead  of  running  together, 
moulder  away,  and  part  fall  down,  while  the 
rest  seem  to  disappear  before  the  current  of 
air.  Ignition  impairs  the  flexibility  of  as- 
bestos in  a  slight  degree. 

8L  Common  asbeMius  occurs  in  masses  of 
fibres  of  a  duU  greenish  colour,  and  of  a 
somewhat  pearly  lustre.  Frsgments  splin- 
tny.  It  is  scarcely  flexible,  and  greatly 
denser  than  amianthus.  It  is  slightly  unc- 
tuous to  the  touch.  Sp.  grav.  2. 7.  Fuses 
with  difiiculty  into  a  greyish-black  scoria. 
It  is  composed  of  63.9  silica,  16  magnesia, 
18.8  lime^  6  oxide  of  iron,  and  1.1  alumina. 
It  is  more  abundant  than  amianthus,  and  is 
found  usually  in  serpentine^  as  at  Portsoy, 
the  Isle  of  Anglesea,  and  the  Lisard  in  Corn- 
wall. It  was  found  in  the  limestone  of 
Glentilt,  by  Dr  M'Culloch,  in  a  pasty  state, 
but  it  soon  hardened  by  exposure  to  air. 

3.  Mmtnlain  Leather  consists  not  of  pa- 
rallel fibres  Uke  the  preceding,  but  interwo- 
ven and  interlaced  so  as  to  become  tough. 
When  in  very  thin  pieces,  it  is  called  mouyt- 
fatn  paper.  Its  colour  is  ydlowisb-whit^ 
and  its  tondi  meagre.  It  is  found  at  Wan- 
lockhead,  in  Lanarkshire.  Its  spedfic  gravity 
is  uncertsin. 

4b  Mouniain  Cork,  or  Elattic  AAettuij  is, 
like  the  preceding,  of  an  interlaced  fibrous 
texture ;  is  opaque ;  has  a  meagre  feel  and 
appearance,  not  unlike  common  cork,  and 
fiie  it,  too,  is  somewhat  dastic  It  swims 
on  vrater.  Its  colours  are,  white,  grey, 
and  ydlowisb-brown.  Recdves  an  impres- 
sioD  from  the  nul ;  very  tough ;  cracks  when 
handled,  and  melts  with  difficulty  before  the 
blowpipe.  Sp.  grav.  from  0.68  to  0.99. 
It  is  composed  of  silica  62,  carbonate  of 
lime  12,  carbonate  of  magnesia  23,  alumina 
2.8,  oxide  of  iron  3. 

5.  Mountain  Wood*  Ligniform  asbestus 
is  usually  massive,  of  a  brown  colour,  and 
having  the  aspect  of  wood.  Internal  lustre 
glimmering.  Soft,  sectile,  and  tough;  op- 
aque; feels  meagre;  fusible  into  a  black 
slag.  Sp.  grav.  2.0.  It  is  found  in  the  ly- 
rol ;  Dauphiny ;  and  in  Scotland,  at  Glentilt, 
Portsoy,  and  Kildrumie. 

ASHESw  The  fixed  residue  of  combu»- 
tible  substances,  which  remains  after  they 
htfve  been  burned,  is  called  ashes.     In  die* 


miftry  it  is  most  commonly  used  to  denote 
the  residue  of  vegetable  combustion. 

ASPARAGIN;  white  transparent  crys- 
tals,  of  a  peculiar  vegetable  principle^  which 
spontaneoudy  fonn  in  asparagus  juice  which 
has  been  evaporated  to  the  consistence  of 
syrup.     They  are  in  the  form  of  rhomboidal 
prisms,  hard  and  brittle^  having  a  cool  and 
sli^tly  nauseous  taste.     They  dissolve  in 
hot  water,  but  sparingly  in  cold  water,  and 
not  at  all  in  dcohoL     On  bdng  heated  they 
swell,  and  emit  penetrating  vapours,  which 
affect  the  eyes  and  nose  like  wood-smoke. 
Tlieir  solution  does  not  change  vegetable 
blues ;  nor  b  it  affected  by  bydrosulphuret 
of  potadi,  oxalate  of  ammonia,  acetate  of 
lead,  or  infiuion  of  galls.     Lime  disengages 
ammonia  from  it ;  though  none  is  evolved  by 
triturating  it  with  potash.     The  asparagus 
juice  should  be  first  heated  to  coagulate  the 
albumen,  then  filtered  and  left  to  qMutaneous 
evaporation  for  15  or  20  days.     Along  with 
the  asparagin  crystds,  others  in  needles  of 
little  consistency  appear,  andogous  to  man- 
nitCf  from  which  the  first  can  be  easily  picked 
outr^-Fauquetm  and  Eobiquet;  Annatee  de 
Chimiet  voL  55.,  and  NichoUon*s  Journal,  15b 
ASPHALTUM.     This  substance,  like^ 
wise  called  Bitumen  Juddcnm,  or  Jews* 
Fitch,  is  a  smooth,  hard,  brittle,  black  or 
brown  substance,  which  breaks  with  a  polish, 
mdts  easily  when  heated,  and  when  pure 
bums  without  leaving  any  ashes.    It  is  found 
in  a  soft  or  liquid  state  on  the  surface  of  the 
Dead  Sea,  but  by  age  grows  dry  and  hard. 
The  same  kind  of  bitumen  is  likewise  found 
in  the  earth  in  other  parts  of  the  world :  in 
China;  America,  particularly  in  the  island 
of  Trinidad ;  and  some  parts  of  Europe,  as 
the  Carpathian  hills,  Prance,  Neufchatel,  &c. 
Its  spedfic  gravity,  according  to  Boyle,  is 
1.400;  to  Kirwan,  from  1.07  to  1.65.     A 
spedmen  from  Albania,  of  the  spedfic  gravity 
of  1.205,  examined  by  M.  Klaproth,  was 
found  to  be  soluble  only  in  oils  and  in  ether. 
Five  parts  of  rectified  oU  of  petroleum  dis- 
solved one  of  the  asphaltum,  without  heat, 
in  24  liours.     Andyzed  in  the  diy  way, 
100  grains  afforded  32  of  bituminous  oil,  6 
of  water  fdntly  ammoniacal,  30  of  charcoal, 
7^  of  silex,  H  of  dumina,  ^  of  lime,  1^  oxide 
of  iron,  \  oxide  of  manganese^  and  36  cubic 
inches  of  hydrogen  gas. 

According  to  Neumann,  the  asphdtum  of 
the  shops  is  a  very  different  compound  from 
the  native  bitumen ;  and  varies,  of  course^ 
in  its  properties,  according  to  the  nature  of 
the  ingredients  made  use  of  in  forming  it. 
On  this  account,  and  probably  from  other  rea- 
sons, the  use  of  asphdtum,  as  an  article  of  the 
materia  medica,  is  dmost  totally  Idd  adde. 

The  Egyptians  used  asphdtum  in  em- 
balming, under  the'name  of  mumia  minendis, 
fiir  which  it  is  well  adapted.  It  was  used 
for  mortar  at  Babykm. 
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A&SAY,  Or  ESSAY.  This  operation  to  the  action  of  seven  or  dgfat  times  its  weigbt 
consists  in  determining  the  quantity  of  valu-  of  boiling  nitric  acid  of  a  due  strength,  llie 
able  or  precious  metal  contained  in  any  mine-  first  portion  of  nitric  acid  being  poured  off, 
ral  or  metallic  mixture^  by  analysing  a  small  about  half  the  quantity,  of  a  somewhat  greater 
part  thereof.  The  practical  difference  be-  strength,  is  to  be  poured  on  the  remaining 
tween  the  analysis  and  the  assay  of  an  ore  gold ;  and  if  it  be  supposed  that  t^is  has  not 
consists  in  this:  Tlie  analysis,  if  properly  dissolved  all  the  silver,  it  may  even  be  re- 
made, determines  the  nature  .and  quantities  peated  a  second  time.  For  the  first  operation, 
of  all  the  parts  of  tlie  compound;  whereas  an  add  of  the  specific  gravity  of  1.280  may 
the  object  of  the  assay  consists  in  ascer-  be  used,  diluted  with  an  equal  quantity  of 
taining  how  much  of  the  particular  metal  in  water ;  for  the  second,  an  add  about  1.26 
question  may  be  contained  in  a  certain  de-  may  be  taken  undiluted.  If  the  add  be  not 
terminate  quantity  of  the  material  under  ex-  too  concentrated,  it  dissolves  the  siIvct,  and 
amination.  Thus,  in  the  assay  of  gold  or  leaves  the  gold  in  a  porous  mass,  of  the  ori- 
silver,  the  baser  metals  are  considered  as  of  ginal  form ;  but  if  too  strong,  the  gold  is  in 
no  value  or  consequence ;  and  the  problem  a  powdery  form,  which  may  be  washed  and 
to  be  resolved  is  simply,  how  much  of  each  dried.  The  weight  of  the  original  metal  be- 
is  contained  in  the  ingot  or  piece  of  metal  fore  cupellation,  and  in  all  the  subsequent 
intended  to  be  assayed.  The  examination  'stages,  serves  to  ascertain  the  degree  of  fine- 
of  metallic  ores  may  be  seen  under  their  ness  of  the  ingot  or  ore  of  which  it  is  a  part, 
respective  titles ;  the  present  article  will  there-  In  estimating  or  expressing  the  fineness  of 
fore  consist  of  an  account  of  the  assaying  of  gold,  the  whole  mass  spoken  of  is  supposed 
gold  and  silver.  to  weigh  twenty-four  carats  of  twelve  grains 

To  obtain  gold  or  silver  in  a  state  of  each,  either  real,  or  merely  proportional,  like 
purity,  or  to  ascertain  the  quantity  of  alloy  the  assayer's  wdghts;  and  the  pure  gold  is 
it  may  contain,  it  is  exposed  to  a  strong  heat,  called  fine.'  Thus,  if  gold  be  said  to  be  23 
together  with  lead,  in  a  porous^  crudble.  carats  fine,  it  is  to  be  understood,  that  in  a 
This  operation  is  called  cupellation,  and  is  mass  weiring  24  carats,  thequanti^of  pure 
performed  as  follows :  The  precious  metal  is  gold  amounts  to  23  carats, 
put,  together  with  a  due  proportion  of  lead.  In  such  small  works  as  cannot  be  assayed 
into  a  shallow  crudble,  made  of  burnt  bones,  by  scraping  off*  a  part,  and  cupelling  it,  the 
called  a  cupel ;  and  the  fusion  of  the  metals  asaayers  endeavour  to  ascertain  its  quality  or 
IS  effected  by  exposing  them  to  a  consider-  fineness  by  the  touch.  This  is  a  method  of 
able  heat  in  a  muffle,  or  small  earthen  oven,  comparing  the  colour,  and  other  properties^ 
fixed  in  the  midst  of  a  iVimace.  The  lead  of  a  minute  portion  of  the  metal,  with  those 
continually  vitrifies,  or  becomes  converted  of  small  bars,  the  composition  of  which  is 
into  a  glassy  calx,  which  dissolves  all  the  known.  Tliese  bars  are  called  touch-needles; 
imperfect  metals.  This  fluid  glass,  virith  its  and  they  are  rubbed  upon  the  black  basalte^ 
t^ntents,  soaks  into  the  cupel,  and  leaves  the  which,  for  this  reason,  is  called  the  touch- 
predous  metals  in  a  state  of  purity.  During  stone.  Black  flint  or  pottery  will  serve  the 
the  cupellation,  the  scoriae,  running  down  on  same  purpose.  Sets  of  gold  needles  may 
all  sides  of  the  metallic  mass,  produce  an  ap-  consist  of— pure  gold ;  pure  gold  23|  carats, 
pearance  called  drculation;  by  which  the  with  half  a  carat  of  silver ;  23  carats  of  gold» 
Operator  judges  whether  the  process  be  going  with  one  carat  of  silver ;  22^  carats  of  gold, 
on  well.  When  the  metal  is  nearly  pure,  with  1^  carat  of  silver;  and  so  on,  till  the 
certain  prismatic  colours  flash  suddenly  across  silver  amounts  to  four  carats;  after  which 
the  surface  of  the  globule,  wliich  soon  after-  the  additions  may  proceed  by  whole  carats, 
ward  appears  very  brilliant  and  dean :  this  Other  needles  may  be  made  in  the  same  man- 
is  called  the  brightening,  and  shows  that  the  ner,  with  copper  instead  of  silver ;  and  other 
•eparation  is  ended.  sets  may  have  the  addition  consisting  dther 

After  gold  has  paased  the  cupel,  it  may  of  equal  parts  silver  and  copper,  or  such  pro- 

ttill  contain  dther  of  the  other  peifect  metals,  portions  as  the  occasions  of  business  require, 

platina  or  silver.     Tlie  former  is  seldom  sus-  The  examination  by  the  touch  may  be  advan- 

pected ;  the  latter  is  separated  by  the  opera-  tageously  employed  previous  to  quartation,  tp 

tions  called  quartation  and  parting.    Quarta-  indicate  the  quantity  of  silver  necessary  to  be 

tion  consists  in  adding  three  parts  of  silver  to  added. 

the  supposed  gold,  and  ftidng  them  together;  In  fordgn  countries,  where  trinkets  and 

by  which  means  the  gold  becomes  at  most  small  work  are  required  to  be  submitted  to 

on&-fourth  of  the  mass  only.     The  intention  the  assay  of  the  touchy  a  variety  of  needles  are 

of  this  is  to  separate  the  partides  of  gold  from  necessary;  but  they  are  not  much  used  in 

each  other,  so  that  -they  may  not  cover  and  Kngland.     Tliey  afford,  however,  a  degree  of 

defend  the  silver  ftom  the  action  of  the  nitric  information  which  is  more  considerable  than 

add  which  is  to  be  uaed  in  the  process  of  might  at  first  be  expected.     The  attentive 

parting.     Parting  consists  in  exposing  the  asaayer  not  only  compares  the  colour  of  the 

mass,  previously  hammered  or  roUed  out  thui,  stroke  made  upon  the  touchstone  by  the  metal 
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under  examinatioii,  with  that  produced  by  bis  tity  of  H  ounce  must  be  poured  on  the  metal» 

needle ;  but  will  likewise  attend  to  the  sensa-  and  slightly  boiled  for  twelve  minutes.     This 

tion  of  roughness,  dryness,  smoothness,  or  being  likewise  carefully  decanted,  the  small 

greasiness,  which  the  texture  of  the  rubbed  spiral  piece  of  metal  must  be  crashed  with 

metal  excites,  when  abraded  by  the  stone,  filtered  river  water,  or  distilled  water,  by  filling 

When  two  strokes  perfectly  alike  in  colour  the  matrass  with  this  fluid.     The  vessel  is 

are  made  upon  the  stone,  he  may  then  wet  then  to  be  reversed,  by  applying  the  extremity 

them  with  aquafortis,  which  will  affect  them  of  its  neck  against  the  bottom  of  a  crucible  of 

very  differently,  if  they  be  not  similar  compo-  fine  earth,  the  internal  surface  of  which  is  very 

sitions ;  or  the  stone  itself  may  be  made  red-  smooth.     The  anneah'ng  must  then  be  made, 

hot  by  the  fire,  or  by  the  blowpipe,  if  thin  after  having  separated  the  portion  of  water 

black  pottery  be  used ;  in  which  case  the  i>he-  which  had  &llen  into  the  crucible ;  and,  lastly, 

nomena  of  oxidation  will  differ  according  to  the  annealed  gold  must  be  weighed.    For  the 

the  nature  and  quantity  of  the  alloy.  certainty  of  this  operation,  two  assays  must  be 

Six  principal  circumstances  appear  to  affect  made  in  the  same  manner,  together  with  a 

the  operation  of  parting:  namely,  the  quantity  third  assay  upon  gold  of  twenty-four  carats, 

of  acid  used  in  parting,  or  in  the  first  boiling ;  or  upon  gold  the  fineness  of  which  is  perfectly 

the  concentration  of  this  add ;  the  time  emr  and  generally  known. 
ployed  in  its  application;  the  quantity  of  acid         No  conclusion  must  be  drawn  from  this 

made  use  of  in  the  reprise,  or  second  opera-  assay,  unless  the  latter  gold  should  prove  to 

tion ;  its  concentration ;  and  the  time  during  be  of  the  fineness  of  twenty-four  carats  ex- 

whidi  it  is  applied.    From  the  experiments  it  actly,  or  of  its  known  degree  of  fineness ;  for, 

has  been  shown,  that  each  of  these  unfavour-  if  there  be  either  loss  or  surplus,  it  may  be  in- 

tble  circumstances  might  easily  occasion  a  loss  ferred,  that  the  other  two  assays,  having  under- 

of  from  the  half  of  a  thirty<4econd  part  of  a  gone  the  same  operation,  must  be  subject  to 

cant  to  two  thirty-second  parts.    The  writers  the  same  error.     Hie  operation  being  made 

explain  their  technical  language  by  observing^  according  to  this  process,  by  several  assayers, 

that,  the  whole  mass  consisting  of  twenty-four  in  circumstances  of  importance,  such  as  those 

carats,  this  thirty-second  part  denotes  l-76Bth  which  relate  to  large  febrications,  the  fineness 

part  of  the  mass.    It  may  easily  be  conceived,  of  the  gold  must  not  be  depended  on,  nor  con- 

therefore^  that  if  the  whole  six  drcumstanoes  sidered  as  accurately  known,  unless  all  the 

wen  to  exists  and  be  productive  of  errora  assayera  have  obtained  an  uniform  result, 

fiiUing  the  same  way,  the  loss  would  be  very  without  communication    with    each   other* 

considerable.  The  authors  observe,  however,  that  this  iden- 

It  is  therefore  indispensably  necessary,  that  tity  must  be  considered  as  existing  to  the 

one  unifonn  process  should  be  followed  in  the  accuracy  of  half  of  the  thirty-second  part  of 

assays  oi  gold ;  and  it  is  a  matter  of  astonish-  a  carat.     For,  notwithstanding  every  posable 

ment,  that  such  an  accurate  process  should  not  precaution  or  uniformity,  it  very  seldom  hap- 

have  been  prescribed  by  Giovemment  for  as-  pens  that  an  absolute  agreement  is  obtained 

flayers  in  an  operation  of  such  great  commer-  between  the  different  assays  of  one  and  the 

cial  importance,  instead  of  every  one  being  same  ingot,  because  the  ingot  itself  may 

Idft  to  fbllow  his  own  judgment.   The  process  differ  in  its  fineness  in  different  parts  of  its 
recommended  in  the  report  before  us  is  as 


Ibllows :  —  Hie  assaying  of  silver  does  not  differ  from 

Twelve  grains  of  the  gold  intended  to  be     that  of  gold,  excepting  that  the  parting  ope- 


lyed  must  be  mixed  with  thirty  grains  of  ration  is  not  necessary.    A  certain  small  por- 

fine  olver,  and  cupelled  with  108  grains  of  tion  of  the  silver  is  absorbed  by  the  cupel, 

lead.     The  cupeiiation  must  be  carefully  at-  and  the  more  when  a  larger  quantity  of  lead 

tended  to,  and  all  the  imperfect  buttons  re-  is  used,  unless  the  quantity  of  lead  be  exces- 

jected.     When  the  cupelli^on  is  ended,  the  sive ;  in  which  case  most  of  it  will  be  scori- 

button  must  be  reduced  by  lamination  into  a  fied  before  it  begins  to  act  upon  the  silver, 

plate  of  H  inch,  or  rather  more,  in  length,  Messrs  Hellot,  Tillet,  and  Macquer,  from 

and  four  or  five  lines  in  breadth.     This  must  their    experiments  made  by  order  of  the 

be  rolled  up  upon  a  quill,  and  placed  in  a  French  government,  have  ascertained,  that 

matnsa  capable  of  hokiing  about  three  ounces'  four  parts  of  lead  are  requisite  for  silver  of 

of  liquid,  when  filled  up  to  its  narrow  part,  eleven  pennyweights  twelve  grains  fine^  or 

Two  ounces  and  a  half  of  very  pure  aquafortis,  containing  this  weight  of  pure  silver,  and 

of  the  strength  of  20  degrees  of  Baum^'s  twelve  grains  ofalloy  in  twelve  pennyweights; 

areometer,  must  then  be  poured  upon  it;  and  six  parts  of  lead  for  silver  of  eleven  penny- 

the  matrass  being  placed  upon  hot  ashes,  or  weights ;  eight  parts  lead  for  silver  of  ten 

sand,  the  add  must  be  kept  gently  boiling  for  pennyweights;  ten  parts  lead  for  alver  of 

a  quarter  of  an  hour :  the  acid  must  then  be  nine  pennywdghts ;  and  so  on  in  the  same 

cautiously  decanted,  and  an  additional  quan-  progreadon. 


ATHANOR. 


IBD 


ATMOMETER. 


Astay  Table,  by  M.  D*Arcet. 


Titles  of  the 
•Uyer. 

III 

DoMoTlettd 

nnaemKrf,  the 

weight  or  uU 

Ter  bdng  1. 

Rebtionbe. 

tweenthe 

lead  and 

copper. 

SUverat  1000 

0 

3.10ths 

950 

50 

3 

70tol 

900 

100 

7 

60  to  1 

800 

200 

10 

50tol 

700 

aoo 

12 

40tol 

600 

400 

H 

35tol 

500 

500 

fTOml6tol7 

32tol 

400 

600 

16—17 

26.66  to  1 

300 

700 

16—17 

22.857tol 

200 

800 

16—17 

20tol 

100 

900 

16—17 

17.77  to  I 

Pure  Copper, 

1000 

16—17 

16tol 

This  table  supposes,  that  the  title  of  the  sil- 
▼er  to  be  assayed  is  known ;  but  when  it  is 
not,  it  may  be  determined  approximately,  by 
exposing  in  the  cupel  0. 1  part  of  this  silver 
with  1  of  lead.  French  gold  and  silver  coin 
contains  1-lOth  of  copper  united  to  the  pre- 
cious metal.  British  silver  coin  consists  of 
12 j-  silver  and  1  copper;  our  gold  cojh  con* 
tains  1  l-12ths  of  gold.  Hie  remainder  is 
either  copper,  or  a  mixture  of  silver  and  cop- 
per. 

ASTERIA.  A  variety  of  sapphire,  not 
perfectly  transparent,  and  shewing  a  star-like 
opalescence  in  the  direction  of  the  axis  if  cut 
round. 

ASTRINGENT  PRINCIPLE.  The 
effect  called  astringency,  considered  as  distin- 
guishable by  the  taste,  is  incapable  of  being 
defined.  It  is  perceived  in  the  husks  of  nuts, 
of  walnuts,  in  green  tea,  and  eminently  in 
the  nut-gall.  This  is  probably  owing  to  the 
drcumstance,  that  acids  have  likewise  the 
property  of  corrugating  the  fibres  of  the 
mouth  and  tongue^  which  is  considered  as 
characteristic  of  astringency  as  it  relates  to 
taste;  and  hence  the  gallic  add,  which  is 
commonly  found  united  with  the  true  astrin- 
gent principle,  was  long  mistaken  for  it. 
Seguin  first  distinguished  them,  and,  from 
the  use  of  this  prindple  in  tanning  skins, 
ha9  given  it  the  name  of  tannin,  Hidr 
characteristic  differences  are,  the  gallic  add 
forms  a  black  precipitate  with  iron ;  the  as- 
tringent principle  forms  an  insoluble  com- 
pound with  albumen.     See  Tannin. 

AT  AC  AMITE.  A  native  muriate  of 
copper.     See  Ores. 

ATHANOR.  A  kind  of  furnace,  which 
has  long  since  fallen  into  disuse.  The  very 
long  and  durable  operations  of  the  andent 
chembts  rendered  it  a  desirable  requisite,  that 
their  fires  should  be  constantly  supplied  with 
fuel  in  proportion  to  the  consumption.     The 


athanor  ftimace  was  peculiarly  adapted  to  thitf 
purpose.  Beside  the  usual  parts,  it  was  pro- 
vided with  a  hollow  tower,  into  which  char- 
coal was  put  Hie  upper  part  of  the  tower, 
when  filled,  was  dosely  shut  by  a  well-fitted 
cover;  and  the  lower  part  communicated 
with  the  fire-place  of  the  furnace.  In  conse- 
quence of  this  disposition,  the  charcoal  sub- 
sided into  the  fire-place  gradually  as  the  con- 
sumption made  room  for  it ;  but  that  which 
was  contained  in  the  tower  was  defended  fiiom 
combustion  by  the  exclusion  of  a  proper  sup- 
ply of  air. 

ATMOMETER.  Thenameofaninstni^ 
ment  contrived  by  Professor  Leslie,  to  mea- 
sure the  quantity  of  exhalation  irom  a  humid 
surface  in  a  given  time.  It  consists  of  a  thin 
ball  of  porous  earthen-ware,  two  or  three  in- 
ches in  diameter,  with  a  small  neck,  to  which  is 
firmly  cemented  a  long  and  rather  wide  tube 
of  glass,  bearing  divisions,  each  of  them  cor- 
responding to  an  internal  annular  section, 
equal  to  a  film  of  liquid  that  would  cover  tho 
outer  surface  of  the  ball  to  the  thickness  of 
the  thousandth  part  of  an  inch.  These  divi- 
sions are  ascertained  by  a  simple  calculation, 
and  numbered  downwards  to  the  extent  of 
100  or  200.  To  the  top  of  the  tube  is  fitted 
a  brass  cap,  having  a  collar  of  leather,  and 
which,  after  the  cavity  has  been  filled  with 
distilled  or  boiled  water,  is  screwed  tight. 
The  outside  of  the  ball  being  now  wiped  dry, 
the  instrument  is  suspended  out  of  doors,  and 
exposed  to  the  free  action  of  the  air.  The 
quantity  of  evaporation  firom  a  wet  ball  is  the 
same  as  from  a  drde  having  twice  the  dia- 
meter of  the  sphere.  In  the  atroometer,  the 
humidity  transudes  through  the  porous  sub- 
stance, just  as  fast  as  it  evaporates  from  the 
external  surface ;  and  this  waste  is  measured 
by  the  corresponding  descent  of  water  in  the 
stem.  At  the  same  time,  the  tightness  of 
the  collar  taking  off  the  pressure  of  the  column 
of  liquid,  prevents  it  from  oozing  so  profusely 
as  to  drop  from  the  ball ;  an  inconvenience 
which,  in  the  case  of  very  feeble  evaporation, 
might  otherwise  take  place.  As  the  process 
goes  on,  a  corresponding  portion  of  air  is 
likewise  imbibed  by  the  moisture  on  the  out- 
side, and  bdng  introduced  into  the  ball,  rises 
in  a  small  stream  to  replace  the  water.  Tlie 
rate  of  evaporation  is  nowise  affected  by  the 
quality  of  the  porous  ball.  It  continues  ex- 
actly the  same  when  the  exhaling  surface  ap- 
pears almost  dry,  and  when  it  glistens  with 
superfluous  moisture.  When  the  consump- 
tion of  water  is  excessive,  it  may  be  allowed 
to  percolate  by  unscrewing  the  cap,  taking 
care,  however,  to  let  no  drops  fall. 

In  a  review  of  Leslie's  Meteorology,  pub- 
lished in  the  Journal  of  Sdence  for  October 
1822,  the  writer  recommends  a  vessd  of  po- 
rous earthen-ware  of  a  given  surface,  filled 
with  water,  to  be  poised  at  the  end  of  a  ba- 
lance, and  the  loss  of  wdght  which  it  suffera 
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by  evapoimtioiii  in  a  given  time  to  be  noted,  much  as  possible  from  adhering  sulphuric 

A  tfiennometer  being  inserted  into  the  mouth  add,  by  pressure  between  the  folds  of  blot- 

of  the  Tessel,  will  indicate  the  temperature  of  ting  paper.     Its  composition  by  M.  Brandes 

the  emporatuig  mass;  and  would  form  at  the  seems  to  be, 

aanie  time  a  good  hygrometer,  on  Dr  Black*s  Atropia,                 38.93 

principle^  that  the  degree  of  cold  generated  Sulphuric  add,      36.52 

by  evaporation  is  proportional  to  the  dryness  Water,                   24.55 

of  the  air.  i..— 

ATMOSPHERE.      See    Ai&  (Atho-  100.00 

sniBUCAL).  This  analysis  would  make  the  prime  eqm- 

ATOMIC   THEORY.      See  Equiva-  valent  of  atropia  so  low  as  5.3,  oxygen  bdng 

LENTS  (Chemical).  I.     Muriate  of  atropia  appears  in  beautiful 

ATROPIA.    A  poisonous  vegetable  prin-  white  brilliant  crystals,  which  are  dther  cubes 

dple,  probably  alkidine,  recently  extracted  or  square  plates  similar  to  the  muriate  of  dO" 

from  the  AtrojM  belladonna,  or  deadly  night-  iuria.     He  makes  the  composition  of  this  salt 

shade,  by  M.  Brandes.  to  be. 

He  boiled  two  pounds  of  dried  leaves  of  Atropia,                 39.19 

atropa  belladonna  in  a  sufiident  quantity  of  Muriatic  add,        25.40 

water,  pressed  the  decoction  out,  and  bo^ed  Water,                   35.41 

the  remaining  leaves  again  in  water.     Hie  ....—. 

decoctions  were  mixed,  and  some  sulphuric  100.00 

was  added  in  order  to  throw  down  the  This  analysb  was  so  conducted  as  to  be 


albumen  and  rimilar  bodies:  the  solution  is  entitled  to  little  attention.     Nitric,  acetic, 

thus  rendered  thinner,  and  passes  more  readily  and  oxalic  adds  dissolve  atropia,  and  form 

through  the  filter.     The  decoction  was  then  acicular  salts,  all  soluble  in  water  and  alcohol, 

supersaturated  with  potash,  by  wliich  he  ob-  M.  Brandes  was  obliged  to  discontinue  his 

tained  a  precipitate^  that,  when  washed  with  experiments  on  the  properties  of  this  alkalL 

pure  water  and  dried,  wdghed  89  grains.    It  The  violent  headaches,  pains  in  the  back,  and 

consisted  of  small  crystals,  from  which,  by  giddiness,   with  frequent  nausea,  which  the 

solution  in  acids,  and  predpitation  by  alkalis,  vapour  of  atropia  occasioned  while  he  was 

the  new  alkaline  substance,  atropia,  was  ob-  working  on  it,  had  such  a  bad  effect  on  his 

tained  in  a  state  of  purity.  weak  health,  that  he  has  entirely  abstained 

The  external  appearance  of  atropia  varies  from  any  further  experiments, 
considersbly,  according  to  the  different  me-  He  once  tasted  a  small  quantity  of  sulphate 
tiiods  by  which  it  is  obtained.  When  pre-  of  atropia.  The  taste,  was  not  bitter,  but 
dpitatedfrom  the  decoction  of  the  heri>  by  merely  saline ;  but  there  soon  followed  violent 
a  solution  of  potash,  it  appears  in  the  form  of  headache,  shaking  in  the  limbs,  alternate  sen- 
very  small  short  crystals,  constituting  a  sandy  sations  of  heat  and  Cold,  oppression  of  the 
powder.  When  thrown  down  by  ammonia  chest  and  difficulty  in  bresfthing,  and  dimi- 
from  an  aqueous  solution  of  its  salts,  it  ap-  nisheddrculation  of  the  blood.  The  violence 
pears  in  flakes  like  wax,  if  the  solution  is  of  these  symptoms  ceased  in  half  an  hour, 
much  diluted;  if  concentrated,  it  is  gelatinous  Even  the  vapour  of  the  different  salts  of 
like  precipitated  alumina ;  when  obtained  by  atropia  produces  giddiness.  When  exposed 
the  cooling  of  a  hot  solution  in  alcohol,  it  for  a  long  time  to  the  vapours  of  a  solution 
crystallises  in  long,  adcular,  transparent,  of  nitrate,  phosphate^  or  sulphate  of  atropia« 
brilliant  crystals,  often  exceeding  one  inch  in  the  pupil  of  the  eye  is  dilated.  This  hap- 
kngth,  which  are  sometimes  feathery,  at  other  pened  frequently  to  him ;  and  when  he  tasted 
times  star-like  in  appearance,  and  sometimes  the  salt  of  atropia,  it  occurred  to  such  a  de- 
they  are  single  crystals.  Atropia,  however,  gree,  that  it  remained  so  for  twelve  hours,  and 
IS  obtained  in  such  a  crystalline  state  only  the  different  degrees  of  light  had  no  influence* 
when  rendered  perfectly  pure  by  repeated  so-  •—'Schweigger'i  Journal^  xxviii.  1. 
hxtion  in  muriatic  add,  and  predpitation  by  We  may  observe  on  the  above,  that  it  is 
ammonia.  When  pure  it  has  no  taste.  Cold  highly  improbable  that  atropia  should  have  a 
water  has  hardly  any  effect  upon  dried  atropia,  saturating  power  intermediate  between  pot- 
but  it  dissolves  a  small  quantity  when  it  is  ash  and  soda.  See  Belladonna. 
recently  piedpitated ;  and  boiling  water  di»*  ATTRACTION.  Tlie  mstances  of  at^ 
solves  still  more.  Cold  alcohol  dissolves  but  traction  which  are  exhibited  by  the  pheno* 
a  minute  portion  of  atropia ;  but  when  boil-  mena  around  us,  are  exceedingly  numerousy 
ing  it  readily  dissolves  it.  Ether  and  oil  of  and  continually  present  themselves  to  our 
turpentine,  even  when  boiling,  have  little  ef-  observation.  Tlie  effect  of  gravity,  which 
fret  on  atropia.  causes  the  wdght  of  bodies,  is  so  universaly 

Sulphate  of  atropia  crystallizes  in  rhom-  that  we  can  scarcely  form  an  idea  how  the 

boidal  tables  and  prisms  with  square  bases,  universe  could  subsist  without  it.     Other 

It  is  soluble  in  four  or  five  parts  of  cold  water,  attractions,  such  as  those  of  magnetism  and 

It  seems  to  effloresce  in  the  aur^  when  freed  as  electridty,  are  likewise  observable ;  and  every 
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extmimeiit  la  chemistry  tends  to  show,  that  that  the  union  of  any  substance  with  another, 

bodies  are  composed  of  various  principles  or  will  exclude^  or  separate^  a  third  substance, 

substances,  which  adhere  to  each  other  with  which  might  have  been  previously  united  with 

various  degrees  of  force,  and  may  be  separ-  one  of  them;  excepting  only  in  those  cases 

ated  by  known  methods.     It  is  a  question  wherein  the  new  compound  has  a  tendency 

among  philosophers,  whether  all  the  attrac-  to  unite  with  that  third  substance,  and  form 

tions  which  obtain  between  bodies  be  refer-  a  triple  compound.    This  preference  of  unit* 

able  to  one  general  cause  modified  by  cir-  ing,  which  a  given  substance  is  found  to  ex- 

cumstances,  or  whether  various  original  and  hibit  with  regard  to  other  bodies,  is  by  an 

distinct  causes  act  upon  the  particles  of  bodies  easy  metaphor  called  elective  attraction,  and 

at  one  and  the  same  time.  is  subject  to  a  variety  of  cases,  according  to 

These  are  speculations  which,  with  regard  the  number  and  the  powers  of  the  principles 

to  the  present  state  of  chemistry,  stand  in  which  are  respectively  presented  to  each  other, 

much  the  same  situation  as  the  theory  of  gra-  The  cases  which  have  been  most  frequently 

vity,  which  is  minutely  described  in  Plutarch,  observed  by  chemists,  are  those  called  simple 

did  with  r^^ard  to  astronomy  before  the  time  elective  attractions,  and  double  elective  at- 

of  Newton.  trsctions. 

Some  substances  unite  together  in  all  pro-         When  a  simple  substance  is  presented  or 

portions.     In  this  way  the  adds  unite  with  applied  to  another  substance  compounded  of 

water.     But  there  are  likewise  many  sub-  two  principles,  and  unites  with  one  of  these 

stances  which  cannot  be  dissolved  in  a  fluid,  two  principles,  so  as  to  separate  or  exclude 

at  a  settled  temperature^  in  any  quantity  be-  the  other,  this  effect  is  said  to  be  produced  by 

yond  a  certain  portion.     Thus,  water  will  simple  elective  attraction, 
dissolve  only  about  one-diird  of  its  weight  of         It  may  be  doubted,  whether  any  of  our 

common  salt ;  and  if  more  salt  be  added,  it  operations  have  been  carried  to  this  degree 

vrill  remain  solid.     A  fluid  which  holds  in  of  simplicity.     All  the  chemical  principiea 

solution  as  much  of  any  substance  as  it  can  we  are  acquainted  with  are  nmple  only  with 

dissolve^  is  said  to  be  saturated  with  it     But  respect  to  our  power  of  decomposing  them  ; 

saturation  with  one  substance  is  so  far  from  and  the  daily  discoveries  of  our  contempo- 

preventing  a  fluid  from  dissolving  another  raries  tend  to  decompose  those  substances, 

body,  that  it  very  frequently  happens,  that  the  which  chemists  a  few  yean  ago  considered 

solvent  power  of  the  compound  exceeds  that  as  simple.    Without  insisting,  however,  upon 

of  the  original  fluid  itself.    Chemists  likewise  this  difficulty,  we  may  observe,  that  water  is 

use  the  word  saturation  in  another  sense ;  in  concerned  in  all  the  operations  which  are 

which  it  denotes,  such  a  union  of  two  bodies  called  humid,  and  beyond  a  doubt  modifiea 

as  produces  a  compound  the  most  remote  in  all  the  effects  of  such  bodies  as  are  suspended 

its  properties  from  the  properties  of  the  com-  in  it ;  and  the  variations  of  temperature^ 

ponent  parts  themselves.     In  combinations  whether  arising  from  an  actual  igneous  fluid, 

where  one  of  the  principles  predominates,  the  or  from  a  mere  modification  of  the  parts  of 

one  is  said  to  be  supersaturated,  and  the  other  bodies,  also  tend  greatly  to  disturb  the  effects 

principle  is  said  to  be  subsaturated.  of  elective  attraction.     These  causes  render 

Heat  in  general  increases  the  solvent  power  it  diflicult  to  point  out  an  example  of  simple 

of  fluids,  probably  by  preventing  part  of  the  elective  attraction,  which  may  in  strictnesa 

dissolved  substance  from  congealing,  or  as-  be  reckoned  as  such, 
suming  the  solid  form.  Double  elective  attraction  takes  place  when 

It  often  happens,  that  bodies  which  have  two  bodies,  each  consisting  of  two  principles, 
BO  tendency  to  unite  are  made  to  combine  are  presented  to  each  other,  and  mutuaUy  ex- 
together  by  means  of  a  third,  which  is  then  change  a  principle  of  each ;  by  which  means 
called  the  medium.  Thus  water  and  fat  oils  two  new  bodies,  or  compounds,  are  produced, 
are  made  to  unite  by  the  medium  of  an  alkali,  of  a  different  nature  from  the  original  com- 
in  the  combination  called  soap.    Some  writers,  pounds. 

who  seem  desirous  of  multiplying  terms,  call         Some  eminent  chemists  are  disposed  to 

this  tendency  to  unite  the  affinity  of  interme-  consider  as  effects  of  double  aflinities,  those 

dium*     This  case  has  likewise  been  called  changes  of  principles  only  which  would  not 

disposing  affimty;  but  Berthollet  more  pro-  have  taken  place  without  the  assistance  of  a 

perly  styles  it  reciprocal  affinity.     He  like-  fourth  principle.     Thus,  the  mutual  deconv- 

wise  distinguishes  affinity  into  elementary^  position  of  sulphate  of  soda  and  nitrate  of 

when  it  is  between  the  elementary  parts  of  potash,  in  which  the  alkalis  are  changed,  and 

bodies ;  and  resulting^  when  it  is  a  compound  sulphate  of  potash  and  nitrate  of  soda  are 

only,  and  would  not  take  place  with  the  ele-  produced,  is  not  considered  by  them  as  an  in- 

ments  of  that  compound.  stance  of  double  decomposition ;  because  the 

From  a  great  number  of  fects  it  is  clearly  nitre  would  have  been  decomposed  by  a  sim- 

ascertained,  not  as  a  probable  hypothesis,  but  pie  elective  attraction,  upon  the  addition  of 

as  simple  matter  of  fact,  that  some  bodies  have  the  acid  only, 
a  stronger  tendency  to  unite  than  others;  and         There  are  various  circumstances  which 
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modUy  the  effects  of  electiTe  attraction,  aiid  wWch  is  a  saU  of  difficult  iolubiUty,  conast- 
bave  from  Ume  to  time  misled  chemists  in  ing  of  potash  united  to  an  excess  of  the  acid 
tbeir  deductions.  The  chief  of  these  is  the  q£  tartar,  be  dissolved  in  water,  and  chalk  be 
temperature,  which,  acting  differently  upon  tdded,  the  excess  unites  wiUi  part  of  Uie  lime 
the  several  parts  of  compounded  bodies,  seU  of  the  chalk,  and  forms  a  scarcely  soluble 
dom  fails  to  alter,  and  frequently  reverses,  gait;  and  tiie  neutral  compound,  which  re- 
the  effects  of  Uie  affinities.     Thus,  if  alcohol     mains  after  the  privation  of  this  excess  of 

be  added  to  a  solution  of  nitrate  of  potash,  acid,  is  a  very  soluble  salt,  greatiy  differing 

it  unites  with  Uie  water,  and  precipitates  the  in  taste  and  properties  from  Uie  cream  of  tar- 

aalt  at  a  common  temperature.     But  if  Uie  tar.    The  metals  and  Uie  acids  Ukewise  afford 

temperature  be  raised,  Uie  alcohol  rises  on  various  phenomena,  according  to  Uieir  degree 

account  of  its  volatihty,  and  Uie  salt  is  again  of  oxidation.     A  determinate  oxidation  is  in 

diaK>lved.     Ihus,  again,  if  sulphuric  add  be  general  necessary  for  Uie  solution  of  metab 

added,  in  a  common  temperature^  to  a  com-  in  acids ;  and  Uie  acids  Uiemselves  act  very 

bination  of  phosphoric  add  and  lime,  it  will  differenUy,  according  as  they  are  more  or 

decompose  Uie  salt,  and  disengage  Uie  phos-  leas  addified.    Thus,  phosphorous  acid  gives 

phone  add;  but  if  this  same  mixture  of  these  place  to  adds  which  are  weaker  than  the 

prihdples  be  exposed  to  a  considerable  heat,  phosphoric :  Uie  sulphurous  add  gives  phice 

the  sulphuric  add  will  have  its  attraction  to  t©  adds  gnsUy  inferior  in  attractive  power 

Uie  lime  so  much  diminished,  that  it  will  rise,  or  affinity  to  the  sulphuric  acid.     TTie  de- 

and  give  place  again  to  Uie  phosphoric,  which  ception  arising  from  effects  of  Uiis  nature  is 

will  combine  wiUi  Uie  lime.    Again,  mercury  in  a  great  measure  produced  by  Uie  want  of 

kept  in  a  degree  qT  heat  very  nearly  equal  to  discrimination  on  Uie  part  of  chemical  philo- 

v<^atiliring  it,  will  absorb  oxygen,  and  be-  gophers ;  it  bdng  erident,  Uiat  Uie  properties 

come  converted  into  Uie  red  oxide  formerly  of  any  compound  substance  depend  as  much 

odled  predpitate  per  te;  but  if  Uie  heat  be  uponUieproportionof  its  ingredients,  as  upon 

augmented  still  more,  the  oxygen  will  as-  ihdr  respective  nature. 
sume  Uie  elastic  state,  and  fly  off,  learing  Uie         The  presence  and  quantity  of  water  is  pro- 

vercury  in  its  original  state.     Numberless  bably  of  more  consequence  Uian  is  yet  sup- 

Vistanccs  of  the  like  nature  continually  pr^  posed,     llius,  bismuth  is  dissolved  in  nitric 

tent  themselves  to  the  observation  of  chemists,  add,  but  fiJls  when  the  water  is  much  in 

which  are  suffident  to  establish  Uie  condu-  quantity.     The  same  is  true  of  antimony. 

sion,  that  the  elective  attractions  are  not  con-  Ribaucout  has  shown  the  last  (Jnnales  de 

Slant  but  at  one  and  Uie  same  temperature.  Chimie,  xv.  122.)  in  alum ;  and  it  is  Ukely 

Many  pbilosophen  are  of  opinion,  UiatUie  that  the  fact  is  more  common  Uian  is  sus- 

variations  produced  by  change  of  temperature  pected.    WheUier  Uie  attraction  and  strengUi, 

arise  from  the  elective  attraction  of  the  mat-  as  to  quantity  in  saturation,  be  not  variable  ' 

ter  of  heat  itself.     But  there  are  no  decisive  ^y  the  presence  or  absence  of  water,  must  be 

experiments  dtber  in  confirmation  or  refuta-  referred  to  experiment 
tioo  of  this  hypothesis.  The  power  of  double  elective  attractions, 

If  we  except  the  operation  of  heat,  which  too»  is  disturbed  by  this  drcumstance :  If 

really  produces  a  change  in  the  elective  attrac-  muriate  of  lime  be  added  to  a  solution  of  car- 

tions,  we  shall  find,  that  most  of  the  other  bonate  of  soda,  they  are  both  decomposed, 

difficulties  attending  this  subject  arise  from  and  the  results  are  muriate  of  soda  and  car- 

the  imperfect  state  of  chemical  sdence.     If  bonate  of  lime.     But  if  lime  and  muriate  of 

to  a  compound  of  two  principles  a  Uiird  be  goda  be  mixed  with  just  water  sufficient  to 

added,  the  effect  of  this  must  necessarily  be  niake  them  into  a  paste,  and  this  be  exposed 

different,  according  to  its  quantity,  and  like-  to  the  action  of  carbonic  add  gas,  a  saline 

wise  according  to  Uie  state  of  saturation  of  efflorescence,  consisting  of  carbonate  of  soda, 

the  two  prindples  of  Uie  compounded  body.  ,^  be  formed  on  the  surface,  and  Uie  bottom 

If  the  third  prindple  which  is  added  be  in  of  the  vessel  will  be  occupied  by  muriate  of 

excess,  it  may  dissolve  and  suspend  the  com-  ]in,e  in  a  state  of  deliquescence, 
pound  wliich  may  be  newly  formed,   and         M.  Berthollet  made  a  great  number  of 

likewise  that  which  might  have  been  predpi-  experiments,  from  which  he  deduced  Uie  fol- 

tated.     The  metallic  solutions,  decomposed  lowing  law : — that  in  elective  attractions  the 

by  the  addition  of  an  alkali,  afford  no  preci-  power  exerted  is  not  in  the  ratio  of  the  affinity 

pitate  in  various  cases  when  the  alkali  is  in  ^mply,  but  in  a  ratio  compounded  of  the 

excess ;  because  this  excess  dissolves  the  pre-  force  of  affinity  and  the  quantity  of  the  agent ; 

dpitate,  which  would  dse  have  fallen  down,  go  that  quantity  may  compensate  for  weaker 

U;  on  the  other  hand,  one  of  the  two  prind-  affinity.     Thus,  an  acid  which  has  a  weaker 

pies  of  the  compound  body  be  in  exce&i,  the  affinity  than  another  for  a  given  base,  if  it  be 

addition  of  a  third  substance  may  combine  employed  in  a  certain  quantity,  is  capable  of 

with  that  excess,  and  leave  a  neutral  sub-  taking  part  of  that  base  from  the  add  which 

stance,   exhibiting  very  different  properties  has  a  stronger  affinity  for  it ;  so  that  the  base 

from  the  fonn^.     Thus,  if  cream  of  tartar,  ^iu  be  divided  between  them  in  the  com- 
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pound  ntio  of  their  affinity  and  quantity,  the  other  simple  substances,  the  Icsult  of  tfar 

llus  division  of  one  substance  between  two  experiment  would  in  many  cases  determine^ 

others,  for  which  it  has  different  affinities,  by  the  exclusion  of  one  of  the  three,  that  ita 

always  takes  place,  according  to  him,  when  affinity  to  dther  of  the  remaining  two  waa 

three  such  are  present  under  circumstances  less  than  that  between  those  two  respectiTely. 

in  which  they  can  mutually  act  on  each  other.  In  this  way  it  would  be  ascertained,  in  the 

And  hence  it  is,  that  the  force  of  affinity  acts  progress  of  experimental  inquiry,  that  the 

most  powerfully  when  two  substances  first  simple  attractions  of  a  series  of  substances 

come  into  contact,  and  continues  to  decrease  were  gradually  increasing  or  diminishing  in 

in  power  as  either  approaches  the  point  of  strength.    Thus,  ammonia  separates  alumina 

saturation.     For  the  same  reason  it  is  so  dif-  from  the  sulphuric  acid ;  magnesia,  in  like 

ficult  to  separate  the  last  portions  of  any  sub-  manner,  separates  the  ammonia ;  lime  pre- 

stance  adhering  to  another.     Hence,  if  the  dominates,  in  the  strength  of  affinity,  over 

doctrine  laid  down  by  M.  Berthollet  be  true  magnesia,  as  appears  by  its  separating  this- 

to  its  utmost  extent,  it  must  be  impossible  last  eartli ;  the  soda  separates  the  lime^  and 

ever  to  free  a  compound  completely  from  itself  gives  place  to  the  potash ;  and,  lastly, 

any  one  of  its  constituent  parts  by  the  agency  potash  yields  its  acid  to  baryta,     llie  simple 

of  elective  attraction ;  so  that  all  our  best  elective  attractions  of  these  several  substanoea 

established  analyses  would  be  more  or  less  to  sulphuric  acid  are  therefore  in  the  inverted 

inaccurate.  order  of  their  effects :  baryta  is  the  strongs 

Hie  solubility  or  insolubility  of  principles,  est ;  and  this  is  succeeded  regularly  by  poU- 

at  the  temperature  of  any  experiment,  has  ash,  soda,  lime,  magnesia,  ammonia,  and  alu^ 

likewise  tended  to  mislead  chemists  who  have  mine.     It  is  evident,  that  results  of  this  na- 

deduced  consequences  from  the  first  effects  of  ture^  being  tabulated,  as  vras  first  done  by 

their  experiments.     It  is  evident,  that  many  the  celebrated  Geoffroy,  and  afterward  by 

separations  may  ensue  without  precipitation ;  Bergman,  must  afford  a  valuable  mass  <^ 

because  this  circumstance  does  not  take  place  chemical  knowledge.     It  must  be  remarked, 

unless  the  separated  principle  be  insoluble,  or  however,  that  these  results  merely  indicate 

nearly  so.     Hie  soda  cannot  be  precipitated  that  the  powers  are  greater  or  less  than  each 

from  a  solution  of  sulphate  of  soda  by  the  other ;  but  how  much  greater  or  less  is  not 

addition  of  potash,  because  of  its  great  so-  determined,  either  absolutely  or  relatively, 

lubility ;  bu^  on  the  contrary,  the  new  com-  Tables  of  this  nature  cannot  therefore  inform 

pound  itself,  or  sulphate  of  potash,  which  is  us  of  the  effecfts  which  may  take  place  in  the 

much  less  soluble,  may  fall  down,  if  there  be  way  of  double  affinity,  for  want  of  the  nume* 

not  enough  water  present  to  suspend  it    No  rical  relation  between  the  attracting  powers, 

certain  knowledge  can  therefore  be  derived  Hius,  when  we  are  in  possession  of  the  order 

from  the  appearance  or  the  want  of  predpi-  of  the  simple  elective  attractions  between  the 

tation,  unless  the  products  be  carefully  exa-  sulphuric  acid  and  a  series  of  substances,  and 

mined.     In  some  instances  all  the  products  also  between  the  nitric  acid  and  the  same 

remain  suspended,  and  in  others  they  all  fail  substances ;  and  when,  in  addition  to  this, 

down,  as  may  be  instanced  in  the  deoompo-  the  respective  powers  of  each  of  the  acids 

sition  of  sulphate  of  iron  by  lime.     Here  upon  every  one  of  the  substances  singly  taken 

the  add  unites  vrith  the  lime,  and  forms  sul-  are  known,  so  far  as  to  determine  which  will 

phate  of  lime,  which  is  scarcely  at  all  solu-  displace  the  other ;  yet  we  cannot  thence  for^ 

ble ;  and  the  still  less  soluble  oxide  of  iron,  tell  the  result  of  applying  two  combinations 

which  was  disengaged,  fiQls  down  along  vrith  to  each  other,  each  containing  an  acid  united 

it  vrith  one  of  the  number  of  simple  substances. 

Many  instances  present  themselves,  in  Or,  more  concisely,  a  table  of  simile  elective 
which  decomposition  does  not  take  place,  but  attractions  can  be  of  no  use  to  determine  the 
a  sort  of  equilibrium  of  affinity  is  perceived,  effects  of  double  elective  attraction,  unless 
Hius,  soda,  added  to  the  supertertrate  of  the  absolute  power  of  the  attractions  be  ex- 
potash,  forms  a  triple  salt  by  combining  vrith  pressed  by  number  instead  of  their  Older 
its  excess  of  acid.     So  likewise  ammonia  merely. 

combines  with  a  portion  of  the  add  of  mu-  It  has  been  often  remarked,  that  the  action 

riate  of  mercury,  and  forms  the  triple  com-  of  a  substance  is  diminished  in  proportion  as 

pound  formerly  distinguished  by  the  bavba-  it  approaches  to  a  state  of  saturation ;  and  this 

imis  name  of  sal  alembroth.  diminution  of  power  has-  been  employed  to 

When  we  reflect  maturely  upon  all  the  dr-  explain  several  chemical  phenomena.     It  is 

cumstances  enumerated,  or  slightly  touched  likewise  known,  that  the  resistance  found  in 

upon,  in  the  foregoing  pages,  we  may  form  expelling  a  substance  from  the  last  pMtions 

some  idea  of  the  extensive  field  of  research  of  a  combination,  dther  by  affinity  or  heat,  is 

which  yet  remains  to  be  explored  by  chemists,  much  greater  than  at  the  commencement  of 

If  it  wore  possible  to  procure  simple  sub-  the  decomposition,  and  sometimes  sudi  tiiat 

stances,  and  combine  twa  together,  and  to  its  entire  decomposition  cannot  be  effected, 

this  combination  of  two  to  add  one  more  of  Thus  the  black  oxide  of  manganese,  exposed 
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to  heat,'  wOl  part  with  only  a  certain  definite  cularly  when  it  produces  the  compremon  of 

quantity  of  its  otygen.     No  degree  of  heat  elastic  fluids ;  but  it  may  always  without  in~ 

can  expel  the  whole.  convenience  be  confounded  with  the  force  of 

According  to  Berthollet,  when  two  sub-  cc^esion. 
stances  are  in  competition  to  combine  with  a  M.  BerthoUet  thinks,  that  as  the  tables  of 
third,  each  of  them  obtains  a  degree  of  satura^  affinity  have  all  been  constructed  upon  the 
tion  proportionate  to  its  affinity  muldplied  by  supposition  that  substances  possess  diffi?rent 
ita  quantity ;  a  product  which  he  denominates  d^p'ees  of  affinity,  which  produce  the  decom> 
mots.   The  subject  of  the  combination  divides  positions  and  combinations  that  are  formed, 
its  action  in  proportion  to  the  masses;  and»  independently  of  the  proportions  and  other 
by  varying  the  latter,  this  celebrated  chemist  conditions  which  contribute  to  the  results, 
thinks  that  the  results  also  will  be  varied.—  these  tables  are  calculated  to  give  but  a 
The  following  are  tbe  forces  which  he  regards  &lse  idea  oi  the  degrees  of  chemical  action 
as  exercising  a  great  influence  upon  chemical  of  the  substances  arranged  in  them.     <'  The 
combinations  and  phenomena,  by  concurring  denomination  of  elective  affinity,"  says  be, 
with  or  opposing  the  mutual  affinity  of  the  *'  is  in  itself  erroneous,  since  it  supposes  the 
substances  brought  into  acdon.    1.  The  action  union  of  one  entire  substance  wifh  another, 
of  solvents,  or  the  affinity  which  they  exert  in  preference  to  a  third,  while  there  is  only 
according  to  their  proportion.     Thus,  if  into  a  division  of  action,  subjected  to  other  che- 
a  very  dilute  solution  of  muriate  of  lime  a  mical  conditions."     The  force  of  cohesion, 
solution  of  sulphate  of  soda  be  poured,  no  which  was  formerly  considered  merely  as  an 
precipitate  of  sulphate  of  lime  will  happen,  obstacle  to  solution,  limits  not  only  the  quan- 
thoogfa  the  quantity  of  the  solvent  water  be  tities  of  substances  which  may  be  brought  into 
less  than  is  necesasry  to  dissolve  the  calcareous  action  in  a  liquid,  and  consequently  modiflea 
sulphate.     If  the  same  two  saline  solutions  the  conditions  of  the  saturation  which  foW 
be  mixed  with  less  water,  the  sulphate  of  time  lows ;  but  it  is  the  power  which  causes  the 
will  fall  in  a  few  seconds,  or  a  few  minutes,  precipitations  and  crystallisations  that  take 
according  to  the  strength  of  the  mingled  solu-  place,   and  determines   the  proportions  of 
tiooSi     2,  The  force  of  cohesion,  which  is  the  such  combinations  as  are  made  by  quitting 
effiKt  of  the  mutual  affinity  of  the  particles  of  the  liquid.     It  is  this  force  which  sometimes 
a  substance  or  combination.     Hence  we  can  even  produces  the  separation  of  a  substance^ 
easily  see  why  a  solution  of  pure  potash,  without  its  forming  any  combination  with 
which  so  readily  dissolves  pulverulent  alu^  another  substance,  as  has  been  remarked  in 
mina,  has  no  ^ect  on  alumina  concreted  metallic  precipitations.     Elasticity  acts  by 
and  condensed  in  the  oriental  gems.     The  producing  effects  opposite  to  those  of  co- 
lowest  red  beat  kindles  charcoal,  or  deter-  hesion,  and  which  consists  either  in  with- 
mines   its  combination  with   atmospherical  drawing  some  substances  from  the  action  of 
oxygen ;  but  a  much  higher  temperature  is  others  in  a  liquid,  or  in  diminishing  the  pre- 
requisite to  bum  the  same  carbonaceous  mat-  portion  which  exists  within  the  sphere  of  aiv 
ter,  more  densely  aggr^ated  in  the  "diamond,  tivity;  but  when  all  the  substances  are  in 
3L  Elasticity,  whether  natural  or  produced  by  the  elastic  state,  their  action  is  subjected  to 
heat ;  which  has,  by  some,  been  considered  as  the  same  conditions.     If  tables  were  formed 
the  affinity  of  caloric.     Of  the  influence  of  which  would  represent  the  disposition  to  in-' 
this  power  a  fine  illustration  is  afforded  by  solubility  or  volatility  in  the  different  corn- 
muriate  of  lime  and  carbonate  of  ammonia,  binadons,  they  would  serve  to  explain  a 
When  a  solution  of  the  latter  salt  is  poured  great  number  of  combinations  which  take 
into  one  of  the  former,  a  double  decomposi^  their  origin  from  the  mixture  of  different 
tion  instantly  takes  place :  carbonate  of  lime  substances,  and  from  the  influence  of  heat. 
hXbi  to  the  bottom  in  powder,  and  muriate  These  considerations  need  not  prevent  us, 
of  ammonia  floats  above.     Let  this  liquid  says  BerthoUet,  from  using  the  term  affinity 
mixture  be  boiled  for  some  time ;  exhalation  to  denote  the  whole  chemical  power  of  a 
of  anomoniacal  gas  will  be  perceived  by  tbe  body  exerted  in  a  given  situation,  even  by 
nostrils,  and  the  carbonate  of  lime  will  be  its   present  constitution,  its  proportion,  or 
redissolved ;  as  may  be  proved  by  tbe  further  even  by  the  concurrence  of  other  affinities; 
addition  of  carbonate  of  ammonia.    Ihis  will  but  we  must  avoid  considering  this  power  as 
cause  an  earthy  precipitate  from  the  liquid,  a  constant  foree,  which  produces  composi- 
which  prior  to  ebullition  was  merely  muriate  tions  and  decompositions.     All  substances, 
of  ammonia.   4.  Efflorescence,  a  power  which  according  to  him,   exert  a  mutual  action 
acts  only  under  very  rare  circumstances.     It  during  tbe  time  they  are  in  tbe  liquid  state ; 
is  exemplifled  in  the  natron  lakes  of  Egypt  $  so  that  in  a  solution,  for  example,  of  sulphate 
on  the  margin  of  which,  according  to  Ber-  of  potash  and  muriate  of  soda,  these  two  salts 
thoUet,  carbonate  of  lime  decomposes  mu-  are  not  distinct,  while  there  Is  no  cause  to 
riate  of  soda,  in  consequence  of  the  efflo-  determine  the  separation  from  their  combi- 
resdng  property  of  the  resulting  carbonate,  nation ;  but  there  exists  in  this  liquid,  suU 
ji  Gravity  likewtae  exerts  its  influence,  parti-  phuric  acid,  muriatic  add*  soda,  and  potash. 
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In  itke  maoaer,  when  the  proper  quantity  of    dSitlnct  but  deAnlte  proportions  with  potesh^ 
carbonate  of  potash  is  added  to  inuriate  of    forming  the  neutral  sulphate  and  the  bisul-* 
koda,  the  mingled  solution  does  not  consist     phate.     Nitric  acid  may  therefore  abstract 
of  carbonate  of  soda  and  muriate  of  potash»     from  the  neutral  salt,  that  portion  of  potasli 
Resulting  from  complex  affinity,  but  contains     which  it  should  lose  to  pass  into  the  addu»: 
simply  muriatic  and  carbonic  acids  with  pot-     lous  salt ;  but  it  will  not  deprive  it  of  any 
ash  and  soda,  in  quadruple  union  and  satur-     more.    Hence  this  very  example  is  decidedly 
ation.     It  is  the  crystallizing  property  of  the     adverse  to  the  inde6nite  combinations  and 
soda  carbonate,  which,  ailer  due  evaporation,     successive  partitions  taught  by  BerthoUet. 
determines  the  definite  decomposition,  and     The  above  decomposition  resolves  itself  evi- 
not  any  power  of  elective  attraction.      Or     dently,  therefore,  into  a  case  of  double  affi. 
generally,  when  one  substance  separates  from     nity.     That  a  large  quantity  of  pure  potash 
a  combination  by  the  introduction  of  another,     can  separate  a  little  sulphuric  acid  from  the 
it  is  not  merely  from  being  supplanted  by  the     sulphiUe  of  baryta,  has  been  stated  by  Ber- 
superior  affinity  of  an  antagonist,  but  beonise     thoUet ;  but  it  is  a  circumstance  difficult  to 
its  intrinsic  tendency  to  the  solid  or  gaseous  demonstrate,    if  the  operation  be  conducted 
form  educes  it  from  its  former  associate,  with  access  of  air,  then  caibooate  of  potash 
There  is  certainly  much  truth  in  this  pro-  is  readily  formed,  and  a  well  known  double 
position-  of  BerthoUet  affinity  comes  into  play,  vis.  that  of  baryta 
But  with  regard  to  the  indefinite  partition  for  carbonic  add  on  one  band,  and  of  sul- 
ef  a  base  between  two  rival  adds,  and  of  an  phuric  add  for  potash  on  the  other.     Sup- 
add  between  two  rival  bases,  a  doctrine  which  posing  the  agency  of  carbonic  add  to  be  ex* 
that  profound  philosopher  laboured  to  esta^  eluded,  then  are  we  to  believe  that  the  potash 
blish  by  a  wide  experimental  induction,  many  having  become  a  soluble  sulphate,  exists  in 
facts  of  an  irreconcileable  nature  occur.    Sir  liquid  union  with  pure  baryta  ?  (See  M.  Du- 
H.  Davy  has  remarked,  with  his  usual  good  long's  experiment^  further  on.) 
judgment,  that  were  this  proposition  correct,         When  M.  BerthoUet  separated  a  little  pot. 
it  is  evident  that  there  could  be  scarcely  any  ash  from  sulphuric  add  by  soda,  he  ma«ly 
definite  proportions :  a  salt  crystaUizing  in  a  formed  a  little  bisulphate  of  potash,  while  tbe 
strong  alkaline  solution  would  be  strongly  free  potash  united  to  the  water  and  alcohol, 
alkaline ;  in  a  weak  one,  less  alkaline ;  while  for  which  it  has  a  strong  affinity,  and  sulphate 
in  an  acid  solution  it  would  be  add.     But  of  soda  was  also  formed.     This,  dierefore,  is 
this  does  not  seem  to  be  the  case.     In  com-  a  very  inteUigible  case  of  compound  attrao- 
binations  of  gaseous  bodies,  whose  constitu-  tion.     According  to  M.  BerthoUet,  when- 
tion  gives  their  particles  perfect  freedom  of  ever  an  earth  is  predpitated  from  a  saline 
motion,  the  proportions  are  definite  and  un-  combination  by  an  alkali,  it  should  ^ury 
changeable,  however  we  may  change  the  pro-  down  with  it  a  portion  of  its  add  amodate. 
portions  of  the  aeriform  mixture.     And  in  But  sulphate  of  magnesia  acted  on  by  pot- 
aU  soUd  compounds  that  have  been  accurately  ash,  yields  an  earthy  predpitale^  which,  attet. 
examined,  in  which  there  is  no  chance  of  proper  washing,  betrays  the  presence  of  no 
mechanical  mixture,  the  same  law  seems  to  retained  sulphuric  add.     The  neutral  salts 
prevail     Different  bodies  may  indeed  be  of  soda  and  potash  part  with  none  of  their 
dissolved  in  different  menstrua  in  very  various  add  to  magnesia,  by  tbe  longest  digestion  in 
proportions,  but  the  result  may  be  regarded  their  solutions.     If  on  the  tartrate  of  lime^ 
as  a  mixture  of  different  solutions,  rather  or  oxalate  of  lead,  the  portion  of  sulphuric 
than  a  combination.    With  regard  to  glasses  add  adequate  to  saturate  these  respective 
and  metalUc  aUoys,  adduced  by  BerthoUet,  bases  be  poured,  entire  decomposition  wiU  be 
it  is  suffident  to  know  that  tbe  points  of  fu-  effected  without  any  partition  whatever.  Now, 
sion  of  alkali,  glass,  and  oxides  of  lead  and  sulphate  of  time^  which  i»  the  result  in  the 
tin,  are  so  near  each  other,  that  transparent  first  case^  being  actuaUy  a  much  more  aolu- 
muturet  of  them  nuiy  be  formed.     The  at-  ble  salt  than  the  tartrate^  we  should  expect  a 
tractive  power  of  matter  is  undoubtedly  ge-  portion  of  the  latter  to  resist  decompoaitioii 
oeral,  but  in  the  formation  of  aggregates  by  the  aid  of  its  cohesive  force.     A  plate  of 
certain  definite  arrangements   take    place,  iron  plunged  into  a  solution  of  sulphate  of 
Bergman  observed  long  ago,  that  when  nitric  copper,  separates  the  whole  of  the  latter 
add  was  digested  on  sulphate  of  potash,  a  metal     An  equaUy  absolute  decomposition 
portion  of  nitre  was  formed,  in  apparent  con-  is  effected  by  zinc  on  the  saUne  aolutions  of 
tradiction  to  the  superior  affinity  which  he  lead  and  tin.     The  sum-total  of  oxygen  and 
bad  assigned  to  sulphuric  add  for  the  potash,  add  is  here  transferred  to  the  decomposing 
But  he  also  gave  what  appears  to  be  a  satis-  body,  without  any  partition  whatever, 
factory  explanation  of  this  seeming  anomaly.         We  have  already  observed,  that  sulphate 
which  BerthoUet  has  adduced  in  support  of  of  baiyta  digested  in  a  hot  solution  of  ear- 
bis  views  of  indefinite  and  universal  parti-  bonate.of  potash,  gives  birth  to  a  portion  of 
tion.  carbonate  of  baryta  and  sulphate  of  potash. 
.    Sulphuric  acid  tends  to  combine  in  two  But  by  M.  Dtulong's  experiment  the  reverse 
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^KMtxptMaa  Is  poetible^  vSs.  carbonate  of  »  superadded,  which  alda  die  affinity  of  the 

barjta  being  digerted  in  solution  of  sulphate  sulphuric  add,  and  decides  tlie  decooapoai. 

of  potash,  we  obtain  sulphate  of  baryta  and  tioo.     Tbfe  surplus  of  each  of  these  adds  is 

cflffbonate  of  potash.    Are  we  hence  to  infer,  employed  in  counterbaiandng  the  surplus  of 

that  sulphate  of  baryta  and  carbonate  of  pot-  its  antagonist^  and  need  not  be  considered  as 

Mh,  having  for  some  time  amused  the  ope-  combined  with  the  copper.     Here,  however, 

ntor  by  the  production  of  an  alkaline  sulphate  we  verge  on  the  obscive  and  unproductivte 

and  earthy  caibonate,  will  change  their  mood*  domain  of  chemical  metaphysics,  a  region  in 

and,  retracing  thdr  steps,  restore  things  to  which  it  is  usdess  to  expatiate. 
their  pristine  condition,  and  thus  in  alteniate         M.  BertboUet  estimates  the  attractive  forces 

osdllatioo  for  ever?  or  affinities  of  bodies  of  the  same  class,  to 

If  chlorine  gas  be  made  to  act  on  the  be  inveneiy  as  thdr  saturating  quantities, 
oxides  of  mercury,  tin,  or  antimony,  it  will  Thus,  among  adds,  50  parts  of  real  sulphuric 
unite  to  the  metallic  base,  and  displace  every  will  saturate  as  much  potash  or  soda  as  67^ 
partide  of  the  oxygen.  Now,  the  resulting  of  real  nitric,  and  as  27^  of  carbonic.  Hius, 
chlorides  cannot  owe  their  purity  to  any  su-  too,  21^  of  ammonia  will  saturate  as  much 
perionty  of  cohesive  force  which  they  possess  add  as  25  of  magnesia,  35  of  lime,  and  'GO 
over  the  oxides,  which,  on  the  contrary,  are  of  potash.  Hence  he  infers,  that  the  ear- 
both  denser  and  more  fixed  than  the  new  bonic  add  is  endowed  with  a  higher  affinity 
compounds.  Finally,  if  25  parts  of  pure  than  the  sulphuric ;  and  this,  than  the  nitric, 
mngnrmaj  mixed  with  35  of  dry  lime^  be  di-  Hie  same  proposition  applies  to  ammonii^ 
gested  in  85  parts  of  nitric  add,  sp.  gr.  magnesia,  lime^  and  potash.  But,  in  direct 
1.500,  diluted  with  water,  we  shall  find  that  hotidlity  te  this  doctrine,  we  have  seen  lime 
the  whole  lime  will  be  dissolved,  but  not  a  exercise  a  greater  affinity  for  the  adds  than 
particle  of  the  magnesia.  On  decanting  the  magnesia.  And  though  <M.  BertboUet  has 
neutral  calcareous  nitrate,  washing  and  dry-  Ingeniously  sought  to  explain  away  the  diffi- 
Ing  the  earthy  residuum,  we  shall  procure  cuity  about  potash,  ammonia,  and  carbonic 
the  25  parts  of  magnesia  unchanged.  add,  by  refinrring  to  the  solid  or  gaseous  r»- 

We  are^  therefore,  entitled  to  affirm,  that  suits  of  thdr  action ;  yet  it  is  hard  to  oon^ 

affinity  is  elective,  acting  in  the  different  che-  cdve  of  solidity  operating  in  produdng  an 

mical  bodies  with  gradations  of  attractive  effect,  before  solidity  exists,  and  of  elastidty 

iatix,  liable,  however,  to  be  modified,  as  we  operating  while  the  substance  is  solid  or  liquid. 

have  shown  in  the  case  of  muriate  of  lime  On  this  point  a  good  syllogism  has  been  of- 

and  carbonate  of  ammonia,  by  temperature^  iered  by  Sir  H.  Davy.     *<  The  action,'*  says 

and  other  adventitious  powers.  this  profound  chemist,  "  between  the  con- 

Decompositions  which  cannot  be  produced  stituents  of  a  compound,  must  be  mutual. 
by  single  attractions,  may  be  effected  by  Sulphuric  add,  there  is  every  reason  to  be- 
double  affinity ;  and  tliat  we  may  expect  with  Ueve,  has  as  much  attraction  for  baryta,  as 
tbe  greater  certainty,  a  pHori,  if  one  of  the  baryta  has  for  sulphuric  add ;  and  baryta 
two  resultii^  compounds  of  the  double  inter-  is  the  alkaline  substance  of  which  the  largest 
diange  naturally  exists  in  the  solid  or  aeri-  quanti^  is  required  to  saturate  sulphuric 
form  state.  And  if  the  one  resulting  com-  add ;  therefore,  on  M.  Berthollet's  view,  it 
pound  be  solid  and  the  other  gaseous,  then  has  the  weakest  affinity  for  that  add.  But 
decomposition  will  be  certain  and  complete,  less  sulphuric  add  saturates  this  substance 
Hus  applies  with  equal  force  to  single  affi-  than  any  other  earthy  or  alkaline  body : 
nities,  or  decompositions.  Hius  when  suU  Therefore,  according  to  M.  BertboUet,  sul- 
phuric add  and  muriate  of  lime  in  due  pro-  phuric  add  has  a  stronger  affinity  for  baryta 
portions  are  exposed  to  heat,  a  peifect  than  for  any  other  substance ;  which  is  con- 
deoompodtion  b   accomplished,   and   pure  tradictory." 

Bulphaty  of  lime  and  muriatic  acid  gas  are         In  the  table  of  chemical  equivalenta  (Eqdi- 

produced.     But  when  the  various  mixed  in-  talents,  Chemical)  will  be  found  a  view 

gredienta  remain  in  to/u/ibn,  it  isthenrea-  ofthe  definite  proportions  in  which  the  various 

sooable  to  think  with  BerthoUet,  that  a  red-  chemical  bodies  combine,  referred  to  their 

ptocal  attraction  pervades  the  whole,  modify-  primary  or  lowest  numerical  terms,  vulgarly 

ing  ito  nature  and  properties.   Thus  solution  called  the  weigfus  of  the  atomt* 
of  sulphate  of  copper  is  blue,  that  of  muriate         Mr  Higgins,  who  broached  the  idea  of 

of  copper  is  green.     Now,  if  into  a  solution  an  Atomic  Theory,  in  his  work  caUed  a  Com- 

of  the  former  salt  we  pour  muriatic  add,  we  parative  View  of  the  Phlogistic  and  Anti* 

diaU  observe  this  robbing  the  sulphuric  add  phlogistic  Hypotheses,  connected  its  exposi- 

of  a  quantity  of  the  cupreous  oxide,  propor-  tion  with  general  views  of  the  relative  forces 

tional  to  its  mass ;  for  the  more  muriatic  acid  of  affinity  among  the  combining  particles, 

we  add,  the  greener  wiU  the  Uquid  become.  These  forces  he  iUostrates  by  diagrams,  to 

But  if,  by  concentration,  the  sulphate  of  cop-  which  I  have  adverted  in  the  article  £quiva« 

per  be  altered  to  crystallise^  tlie  phenomena  lents  (Chemical).    Tliis  joint  consideration 

diange ;  a  new  forces  that  of  crystallizatiofi,  of  combining /nxe,  and  combining  gtutniUyf 
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hat  been  n^lected  by  subsequent  writers;  tion  of  the  alkaline  solution,  produced  but 

whence^  Mr  Higgins  says,  **  The  atomic  doc-  very  slight  variations  in  the  results  of  this 

trine  has  been  applied  by  me  in  abstruse  and  decomposition.    He  took  10  grammes  of  dry 

difficult  researches.     Its  application  by  Mr  subcart>onate  of  potash,  and  7.66,  being  tfaefar 

IDalton  has  been  in  a  general  and  popular  equivalent  proportion,  of  dry  subcaibonate 

way;  and  it  is  from  these  circumstances  of  soda;  quantities  containing  eadi  3.07 

alone,  that  it  gained  the  name  of  Dalton's  grammes  of  cari)onic  acid.    They  were  sep»- 

llieory."  rately  dissolved  in  250  grammes  of  water. 

Since  the  chemical  statics  appeared,  per-  and  each  solution  was  k^t  in  ebullition  for 

haps  no  chemist  has  contributed  so  many  im-  two  hours,  on  eight  grammes  of  tlie  sulphate 

portent  facts  to  the  doctrines  of  affinity  as  M.  of  baryta.     On  analysing  the  two  residues, 

Dulong.     His  admirable  inquiries  concern-  it  was  found  that  the  potash  experiment 

ing  the  mutual  decompomtion  of  soluble  and  yielded  2. 185  grammes,  and  the  soda  only 

insoluble  salts  were  presented  to  the  National  1.833 ;  or  in  the  proportion  of  six  to  five. 

Institute,  and  afterwards  published  in  the^n-  Is  this  difference  to  be  ascribed  to  the  difier- 

naies  de  Cfdmie,  tom.  82. ;  from  which  they  ence  in  the  attractive  forces  of  the  two  alka- 

were  translated  into  the  35th  and  86th  vo-  lis ;  to  the  more  sparing  solubility,  or  greater 

lumes  of  Nicholson's  Journal,  and  an  abstract  attractive  force  of  the  sulphate  of  potuh ;  or 

of  them  was  given  in  the  41st  voL  of  the  FhiL  to  both  causes  conjointly  ? 

Magazine.  Since  die  alkaline  carbonates  lose  thor  de- 

After  the  labours  of  Bergman  and  Ber-  composing  agency  when  a  certain  proportion 

thoUet,  chemistry  seemed  to  leave  little  fur-  of  the  alkaline  sulphate  is  formed,  M.  Du^ 

ther  to  be  desired  relative  to  the  mutual  de-  long  tried  to  ascertain  the  limits  by  the  fol- 

composition  of  soluble  salts.     But  the  inso-  lowing  experiment :  Seven  grammes  of  sul- 

luble  salts  are  likewise  susceptible  of  exchang-  phate  of  potash,  with  six  of  subcarbonate^ 

ing  their  principles  with  a  great  number  of  dissolved  in  250  of  water,  were  boiled  with 

the  soluble  salts.     '<  Tliis  class  of  pheno-  the  sulphate  of  baryta  for  several  hours,  with- 

mena,"  says  M.  Dulong, ''  thouj^  almost  as  out  the  least  trace  of  decomposition  bdng 

numerous  as  that  whidh  embraces  the  solu-  evinced.     The  supernatant  liquid,  filtered, 

ble  salts,  and  capable  of  affording  new  re-  and  boiled  on  carbonate  of  baryta,  produced 

sources  to  analysis,  has  not  yet  been  examined  a   considerable  quantity  of  sulphate;    but 

in  a  general  manner."  ceased  acting  before  this  sulphate  of  potash 

The  action  of  the  soluble  carbonates  on  was  exhausted.     Hie  same  phenomena  were 

the  insoluble  salts,  is  the  only  one  which  had  obtained  with  caHwnate  and  sulphate  of  soda, 

been  at  all  studied.    Hius  carbonates  of  pot-  *<  Lastly,  the  sulphate  of  potash  and  the  suk 

ash  and  soda  in  solution  had  been  employed  phate  oif  soda,  alone,  and  perfectly  neutral, 

conveniently  to  decompose  sulphate  of  bary-  reacted  likewise  upon  the  carbonate  of  ba- 

ta.    M.  Dulong  had  an  opportunity,  in  some  ryta,  and  produced  on  one  part  sulphate  of 

particular  researches,  to  observe  a  consider-  baryta,  but  on  the  other  the  subcarbonate  of 

ably  extensive  number  of  facts  relating  to  the  potash  or  soda,  which  remained  in  solution, 

mutual  decomposition  of  the  soluble  and  in-  together  with  the  portion  of  the  sulphate 

Boluble  salts,  and  endeavoured,  he  says,  to  which  resisted  the  decompomtion.     Twenty 

determine  the  general  cause  of  these  pheno-  grammes  of  crystallized  sulphate  of  soda,  and 

mena,  and  the  method  of  foreseeing  their  ten  grammes  of  sulphate  of  potash,  were  se- 

results,  without  being  obliged  to  retain,  by  parately  dissolved  in  260  of  water.     "Etudk 

an  effort  of  memory  of  which  few  persons  solution  was  boiled  for  two  hours  on  twenty 

would  be  capable,  fdl  the  direct  observations  grains  of  carbonate  of  baryta.    The  sulphate 

which  would  be  requisite  to  ascertain  them.  of  soda  produced  10.17  gr.  of  sulphate  of 

M.  Dulong  found  by  experiment,  that  all  baryta,  and  the  sulphate  of  potash  9.87.*' 
the  insoluble  salts  are  decomposable  by  the  Had  108  of  sulphate  of  potash  been  em- 
carbonate  of  potash  or  the  carbonate  of  soda,  ployed,  which  is  the  true  equivalent  of  200 
and  in  some  instances  with  curious  pheno-  of  sulphate  of  soda  in  crystals,  a  somewhat 
mena.  When  sulphate  of  baryta,  phosphate  larger  product  would  have  been  obtained  than 
of  baryta,  or  oxalate  of  lime,  is  boiled  with  9.87.  This  experiment,  however,  is  most 
solution  of  bicarbonate  or  carbonate  of  pot-  satisfkctory  with  regard  to  the  amount  of 
asli,  a  considerable  part  of  the  insoluble  sul-  decomposition.  The  mutual  action  of  the 
phate  is  constantly  transformed  into  a  car-  insoluble  carixinates  with  the  soluble  salts, 
bonate  of  the  same  base ;  but  on  reaching  a  whose  adds  form,  with  the  bases  of  these 
certain  limit,  the  decomposition  stopped,  al-  carbonates,  insoluble  salts,  is  equally  general 
though  there  remained  sometimes  a  very  con-  with  that  of  the  soluble  carbonates  on  the  in- 
siderable  quantity  of  the  soluble  carbonate  soluble  salts.  The  following  is  M.  Dulong's 
not  decomposed.  M*  Dulong  convinced  him-  table  of  results  :— 
self,  that  the  different  degrees  of  concentra* 
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9  ATTBACTION. 

quMitilia  of  nraffnl  t^t  rcplwe  the  eomt- 
ponding  qiuntities  of  an  imperftctl;  Mtu- 
rated  ■Uuline  compound  ;  and  if  wt  new  the 
eic«>  of  alkaline  power  in  the  uDdecamposad 
■ubraibonale,  or  its  unbalanced  capacity  of 
Btuntion,  aa  acting  upon  both  aeida.  Et  <■ 
erident  (bat  in  propoitjon  aa  the  di.. 
lion  advances,  llie  liquid  appriHiclKi  m 
more  to  tlie  neulrai  itau.  In  the  invene 
experiment,  a  contrary  change  laperreiieB. 
Each  portion  of  the  acid  of  the  soluble  mI^ 
(■uiphate  of  soda  for  eiample),  which  ia  pre- 
cipitated on  the  base  of  the  insoluble  car- 
bonate, is  replaced  by  a  quantity  of  caibonic 
acid,  which  fornu,  with  thfe  conesponditkg 
base,  an  alkaline  subcaihonate :  sod  the  more 
of  the  fint  add  ii  precipitated  upon  the  earthy 
base,  Ifae  more  (ubcarbonale  the  liquid  coo- 
taina,  and  the  farther  does  its  state  ncede  from 
neutraliialion.  Ttda  consideratiiin  seems  to 
lead  directly  to  the  following  theory  of  then 


It  is  known,  layi  M.  Dulong,  that  all  the 


imposed  by  the      cohesii 


which  p 


■  the  g 


lumo.      The 


r  insoluble  salt  replaces  the 
mcQ  is  decomposed,  and  the  car- 
bonate of  ammonia  flies  off.  Hence,  if  a 
suflSdent  quantity  of  insoluble  cartwnate  be 
present,  the  liquid  will  become  pure  water. 

When  Ihe  soluble  salt  has  an  insoluble 
baae^  the  decompoaitian  does  not  meet  with 
any  obstacle,  but  continues  until  the  liquid 
becomes  mere  water.  Thus,  solution  of  sul- 
phate of  magnesia,  boiled  with  carbonate  of 
baryta,  will  be  rcsoWed  into  an  insoluble  car- 
bonate and  uilphale,  provided  enougb  of  car- 
bonate of  baryta  be  present :  Otherwise,  a 
portion  of  (he  magoegian  carbonate  being  dis- 
•oUed  in  its  own  sulphate,  gives  alkaline  pro- 
perties U>  the  solution. 

If  the  base  be  metallic,  it  almost  always 
forms  a  salt  with  eicessofoiide,  which,  being 
■Dsoluble,  predpitBtes. 

Ibe  genera]  inferences  of  M.  Dulong'i  in- 
quiries are  ttie  following: — 1.  That  all  the 
insoluble  salta  are  decomposed  by  the  suh- 
carbonates  of  potash  or  loda,  but  that  a  mu- 
tual eidiange  of  the  principles  of  these  salts 
cannot  in  any  ose  be  completely  made ;  or, 
in  other  words,  that  the  decompoailion  of  the 
Bobcarbonates  is  only  partial.  2.  That  all 
the  soluble  salts,  of  which  the  add  forms, 
irith  the  base. of  the  insoluble  caihonates,  an 
insoluble  salt,  are  decomposed  by  these  car- 
bonatca,  until  the  decomposition  has  reached 
a  certain  limit  which  it  cannot  paia. 

When  a  soluble  aubcatbonate  acta  on  an 
insoluble  salt,  in  proportion  aa  Ihe  cartMmic 
add  is  predpitaled  on  the  base  of  the  insolu- 
ble salts,  it  is  replaced  in  the  solution  by  a 
quantity  of  another  add,  capable  of  a/mpUltly 
neutnliiiDg  the  alkali.  Tlus,  during  the 
whole  cnnrse   of  the   decomposition,   fresh 


jield  to  caustic  potaah,  or  soda,  a 
mure  Or  leas  considerable  portion  of  their 
add,  according  to  drcumstancea.  Now  the 
alkaline  aubcartionam  may  be  considered  as 
weak  alkalis,  which  may  take  trom  all  the  in- 
soluble salts  a  small  quantity  of  their  adds. 
This  Hfect  would  soon  be  limited  if  Ihe  al- 
kali were  pure,  in  consequence  of  the  resiit- 
ance  ofleied  by  tiie  pure  and  soluble  base. 
But  the  latter  meeting  in  the  liquid  an  acid 
with  which  it  can  form  an  insoluble  salt, 
uniira  with  it,  and  thus  re-esublishes  the 
primitJTe  conditions  of  the  eiperimcnl.  The 
same  effects  are  produced  succenively  on 
new  portions  of  the  bodies,  till  the  degree  of 
saturstionof  the  liquid  is  in  equilibrium  with 
the  cohesive  force  of  the  insoluble  nil;  so 
that  the  feebler  this  resistance  may  be,  the 
more  progress  the  decompoailion  will  make. 
And  again,  when  an  insoluble  carbonate  is  in 
contact  with  a  neulrai  soluble  salt,  Ihe  bMe 
of  the  caitonale  will  tend  to  take  part  of  the 
add  of  Ibe  neutral  salts ;  and  if,  ftom  thia 
union,  an  insoluble  salt  can  result,  the  force 
of  cohesion,  peculiar  to  thia  compound,  will 
determine  the  formation.  The  carbom'c  add, 
released  from  the  altrsction  of  the  earthy  base 
by  the  Died  acid,  instantly  attaches  itself  to 
the  surrounding  alkali,  forming  a  subcarbo- 
nate  which  replaces  the  dfcomposed  neut»l 
salt.  The  predpitatjon  of  the  fiied  add  on 
the  insoluble  carbonate,  and  the  absorption  of 
carbonic  add  by  the  liquid,  continues  undl 
the  alkalinity  thereby  developed  becomes  so 
strong  as  to  resist  the  predpitation  of  the 
acid;  thus  forming  a  counterpoise  to  the 
fbrce  by  which  that  predpitation  was  accom- 
plished. All  action  then  ceases ;  so  that  the 
more  cohesion  the  insoluble  salt  possaaes,  the 
greater  will  be  Ihe  proportion  of  add  taken 
from  the  soluble  salt. 
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When  the  cflibonate  of  potash  CMi  no  longer 
decompose  the  sulphate  of  baryta,  the  caiiio- 
nic  acid  wliich  remains  in  the  solution  is  to 
the  sulphuric  acid  nearly  in  the  ratio  of  three 
to  one ;  and  when  the  sulphate  of  potash  can 
no  longer  act  upon  the  carbonate  of  baryta, 
these  two  adds  are  nearly  in  the  ratio  of  three 
to  two ;  whence  it  follows,  that  the  first  li- 
quor is  much  more  alkaline  than  the  second. 

It  is  easy  to  account  for  this  difference  by 
examining  the  conditions  of  the  equilibrium 
established  in  the  two  cases.  When  the  sul- 
phate of  potash  no  longer  decomposes  the 
carbonate  of  bar3rta,  it  is  because  the  excess 
of  alkali,  developed  in  the  liquid,  forms  a 
counterpoise  to  the  power  with  whidi  sulphate 
of  baryta  tends  to  be  produced  in  these  cir- 
cumstances. And  when  the  subcarbonate  of 
potash  can  no  longer  decompose  the  sulphate 
.of  baryta,  it  is  because  there  is  not  such  an 
excess  of  alkali  in  the  liquid,  as  is  capable  of 
overcoming  the  cohesion  and  attraction  be- 
'tween  tlie  elements  of  that  salt.  Now  we 
know,  that  it  requires  a  greater  force  to  over- 


come an  existing  attractive  power,  than  to 
maintain  the  quiescent  condition.  Tlierefore 
the  subcarbonate  of  potash  ought  to  cease  to 
decompose  the  sulphate  of  baryta,  before  the 
sulphuric  and  carbonic  acids  are  in  the  same 
relation  in  which  they  are  found  when  the 
equilibrium  is  established  by  the  inverse  ex- 
periment Hence  we  see,  tiiat  a  mixture  of 
sulphate  and  subcarbonate  of  potash,  in  which 
the  proportions  of  their  'two  acids  shall  be 
within  the  limits  pointed  out,  will  have  no 
action  either  on  the  sulphate  or  carbonate  of 
baryta.  For  the  other  insoluble  salts,  there 
will  be  other  relations  of  quantity ;  but  there 
is  always  a  certain  interval,  more  or  less  con- 
siderable, between  their  limits.  "Die  mutual 
action  of  sulphate  of  soda  and  carbonate  of 
baryta  is  almost  instantaneous.  It  is  suffi- 
cient to  pour  a  boiling  hot  solution  of  the  sul- 
phate on  the  carbonate  placed  on  a  filter,  in 
order  that  more  than  3-4ths  of  the  sulphuric 
acid  be  precipitated,  and  replaced  by  a  cor- 
responding quantity  of  carbonic  acid. 
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Schemes  of  Double  Affinities. 


Sulphate 

of 
Magnesia 


'Sulphuric 
add 


Magnesia 


Fluoric 
acid 


Fluate  of  magnesia 


Nitrate  of 
lime 


Nitric 
acid 


Lime 


Sulphuric 
acid 


Sulphate  of  lime 


Aneni- 
ous     < 
acid 


Muriatic' 
acid 


Oxygen* 


Oxygen 


Arsenic 


Acetate  of  potash 


►  Chlorine 


Arsenic  acid 


Sulphuret 
of  potash 


'Potasli 


Acetic 
acid 


Sulphur 


Sulphate  of  lime 

"Lime    54i  Sulphuric 
add 


Sulphuret 
of  lime 


< 


Sulphur 


Nitre 

—A 


Sulphate  I 
of     ^ 
potash 


fPotasli    58     Nitric 
acid 


[ 


62 

Sulphuric   Oxide  of 
add  lead 

, r 

Sulphate  of  lead 


Nitrate 
of  lead 


Sulphate 
of  potash 


Muriate  of  potash 

A 
f     ■  1 

fPotash   62   Muriatic" 
acid 

62    +      23=85 

Sulphu-  ?* 

ric  acid  86        Lime 


Muriate 
of  lime 


Muriate 
of  potash 


Sulphate  of  lime 


Potash  62    Sulphu-' 
ric  acid 

*      32     +    54c=86 


J 

J 


Muriatic*^ 
add    85 


Lime 


Sulphate 
of  lime 


Nitrate  of  ammonia 


Sulphate 
of  am-  • 
monia 


•Ammo-  .38    Nitric"] 
nia  acid  | 

I  Nitrate 
46  p  of  mer- 

cury 
Sulphuric     Oxide  of 
add         mercury 

Sulphate  of  mercury 


Nitrate  of  soda 

A. 


Common 
salt 


'Sodium 


Nitric! 
acid 


Chlorine 


Oxide  of 
silver 


Nitrate 

of 
silver 


V 

Chloride  of  silver 


The  above  numbers  are  merely  iUustralive* 
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AUGITE.  Fyrozeoe  of  Hiuy.  Hik 
mineral  is  for  the  most  part  oTstallized  in 
small  aiz  or  eight-sided  prisms,  with  dihedral 
■mnmits.  It  is  found  also  in  grains.  Its 
coloun  are  green,  brown,  and  black.  Inter- 
nal lustre  shining.  Uneven  fnctiure.  Trans- 
luoent  Easily  broken.  It  scratches  glass. 
Sp«  gr.  3b3.  Melts  into  a  black  enamel.  Its 
composition,  according  to  Klaproth,  is  48  si- 
lies,  24  lime^  12  oxide  of  iron,  B.75  niagn&> 
sta,  5  alumina,  1  manganese.  It  is  met  with 
aaoong  volcanic  rocks,  but  is  supposed  to  have 
•listed  prior  to  the  eruption  and  ejection  of 
the  lava.  Large  crystals  of  it  a»  also  found 
in  basalt,  of  a  finer  green,  and  more  brilliant 
than  those  found  in  lavas.  It  occurs  with 
olivin  in  the  basalt  of  Teesdale,  in  the  trap 
rocks  round  Edinburgh,  and  in  several  of  the 


Sahlite  and  coccolite  are  considered  to  be 
varieties  of  augite. 

AURUM  FULMINAN&     See  Fulmi. 

HATING. 

AURUM  GRAPHICUM.     See  Oees 
OF  Gold. 

AURUM  MUSIVUM  or.MOSAICUM; 
a  combination  of  tin  and  sulphur,  which  is 
thus  made:  Melt  twelve  ounces  of  tin,  and 
add  to  it  three  ounces  of  mercury ;  triturate 
this  amalgam  with  seven  ounces  of  sulphur, 
and  tbne  of  muriate  of  ammonia.  Put  the 
powder  into  n  matrass,  bedded  rather  deep  in 
sand,  and  keep  it  lor  several  hours  in  a  gentle 
heat ;  which  is  afterward  to  be  raised,  and 
continued  fi)r  several  hours  longer.  If  the  heat 
has  been  moderate^  and  not  continued  too 
lon|^  the  golden-coloured  scaly  porous  mass, 
cnlled  aurum  musivum,  will  be  found  at  the 
bottom  ot  the  vessel ;  but  if  it  has  been  too 
strong,  the  aurum  musivum  fuses  to  a  black 
mass  of  a  striated  texture.  This  process  is 
thus  explained:  As  the  heat  increases,  the 
tin,  by  stronger  affinity,  seizes  and  combines 
witii  the  muriatic  add  of  the  muriate  of  am- 
monia; while  the  alkali  of  that  salt,  com- 
bining with  a  portion  of  the  sulphur,  flies  off 
in  the  form  of  a  sulphuret.  The  combination 
of  tin  and  muriatic  add  sublimes,  and  is 
Ibund  adhering  to  the  sides  of  the  matrass. 
Tlie  mercury,  which  served  to  diride  the  tin, 
combines  with  part  of  the  sulphur,  and  forms 
dnnabar,  which  also  sublimes;  and  the  re- 
mainingsulphur,  with  the  remaining  tin,  forms 
the  aurum  murivum  iriiich  occupies  die  lower 
part  of  tlie  vessel.  It  must  be  admitted,  how- 
over,  that  this  explanation  does  not  indicate 
the  reasons  why  such  an  indirect  and  com- 
pUcated  process*  should  be  required  to  form 
•  simple  combination  of  tin  and  sulphur. 

It  does  not  appear  that  the  proportions  of 
the  materials  require  to  be  strictly  attended  to. 
The  process  of  the  Marquis  de  Bullion,  as 
described  by  Chaptal  in  his  Elements  of  Che- 
mistry, consists  in  amalgamating  dght  ounces 
of  tin  with  dght  ounces  of  mercury,  and 


mixing  this  with  six  ounces  of  sulphur  and 
four  of  muriate  of  ammonia.  This  mixture 
is  to  be  exposed  for  three  hours  on  a  sand  heat 
suffident  to  render  the  bottom  of  the  matrass 
obscurely  red-hot.  But  Chaptal  himself  found, 
that  if  the  matrass  containing  the  mixtura 
were  exposed  to  a  naked  fire,  and  violently 
heated,  the  mixture  took  fire,  and  a  sublimate 
was  formed  in  the  neck  of  the  matrass,  con- 
sisting of  the  most  beautiful  aurum  musivum 
in  large  hexagonal  plates. 

Aurum  musivum  has  no  taste,  though  some 
specimens  exhibit  a  sulphureous  smeU.  It  is 
not  soluble  in  water,  acids,  or  alkaline  solu- 
tions. But  in  the  dry  way  it  forms  a  yellow 
sulphuret,  soluble  in  water.  It  deflagrates 
with  nitre.  Bergman  mentions  a  native  au- 
rum musivum  from  Siberia,  containing  tin, 
auJphur,  and  a  small  proportion  of  copper. 

Aurum  musivum  is  uwd  as  a  pigment  for 
giving  a  gc^den  colour  to  small  statue  or 
plaster  figures.  It  is  likewise  said  to  be 
mixed  with  melted  glass  to  imitate  lapis 
Uzuli. 

Mosaic  gold  is  composed  of  100  tin  -f* 
S6,25  sulphur,  by  Dr  John  Davy;  and  of 
100  tin  4-  52.3  sulphur,  by  Professor  Ber- 
sdius ;  the  mean  of  which,  or  100  -^  64.2, 
is  prolMibly  correct.  It  will  then  consist  of 
1  prime  of  tin  sss  7.375  -|-  2  sulphur  ac 
4.0. 

AVANTURINE.  A  variety  of  quarts 
rock  containing  mica  spangles.  The  most 
beautiftil  comes  from  Spain,  but  Dr  M<Cul- 
looh  found  qiedmens  at  Glen  Femat  in  Scot- 
land, which,  when  polished,  were  equal  in 
beauty  to  any  of  the  foreign.  The  most 
«sual  oolour  of  the  base  (Mf  avanturine  is 
brown,  or  reddish-brown,  enclosing  golden- 
coloured  spangles. 

AUTOMALITE.  This  mineral  occun 
in  regular  octohedrons,  and  tetrahedrons.  It 
scratches  glass.  Sp.  gr.  4.26 — 4.69.  It  is 
nesriy  opaque,  the  light  transmitted  being  of 
a  dark  bluish-green  colour.  It  is  composed 
of  alumina  42,  silica  4,  oxide  of  zinc  28^ 
oxide  of  iron  5^  sulphur  17.— rau^u^/m. 
It  is  found  in  a  talcose  rock  at  Fahlun  in 
Sweden,  and  is  sometimes  called  Fahlunite. 
"^PhiHpi^t  Mineralogy. 

AXE-STONE.  A  sub-spedes  of  jade, 
from  which  it  differs  in  not  bdng  of  so  light 
a  green,  and  in  having  a  somewhat  slaty  tex- 
ture. The  natives  of  New  Zealand  work  it 
into  hatchets.  It  is  found  in  Corsica,  Swit- 
terland.  Saxony,  and  on  the  banks  of  the  river 
Amazon,  whence  it  has  been  called  Amazo- 
nian stone.  Its  constituents  are,  silica  50.5, 
magnesia  31,  alumina  10,  oxide  of  iron  5,5, 
water  2.75,  oxide  of  chromium  0.05. 

AXINITE  or  THUMERSTONE.  This 
mineral  is  sometimes  massive,  but  most  usual- 
ly crystallized.  The  crystab  resemble  an  axe 
in  the  form  and  sharpness  of  their  edges,  be- 
ing flat  rhoroboidal  pandlelopipeds,  with  two 
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of  the  opposHe  edgin  waotiogy  and  a  tmall 
fSice  instead  of  each.  Thty  are  traDilucent, 
and  of  a  violet  colour,  whence  called  violet 
icfaorl.  They  become  electric  by  heat.  The 
usual  colour  is  clove-brown.  Lustre  splen- 
dent. Hard,  but  yields  to  the  file,  and  easily 
broken.  Sp.  gr.  3.25.  It  froths  like  zeolite 
before  the  blowpipe,  melting  into  a  black 
enamel,  or  a  dark-green  glass.  According 
to  Vauquelin's  analysis,  it  contains  44  silica, 
18  alumina,  19  lime,  14  oxide  of  iron,  and 
4  oxide  of  manganese.  It  is  found  in  beds 
at  Thum  in  Saxony ;  in  Killas  at  Botallack 
near  the  Land*s-end,  Cornwall ;  and  at  Tre- 
wdlard  in  that  neighbourhood. 

AZOTANE,  chloride  of  azote.     See  Nz« 

TBOGEN. 

'      AZOTE.     See  Gas  (Nitrogen). 

AZURE-STONE  or  LAPIS  LAZULL 
Tliis  massive  mineral  is  of  a  fine  azure-blue 
colour.  Lustre  glistening,  fine  grained  un^ 
even  fracture.  Scratches  glass,  but  scarcely 
strikes  fire  with  steel.  Opaque,  or  translu- 
cent on  the  very  edges.  Easily  broken.  Sp. 
gray.  2.85.  In  a  very  strong  heat  it  intu- 
mesces,  and  melts  into  a  yellowish-black  mass. 
After  calcination  it  forms  a  jelly  with  adds. 
It  consists  of  46  silica,  28  lime,  14w5  alu- 
mina, 3  oxide  of  iron,  6.5  sulphate  of  lime, 
and.  2  water,  according  to  Klaproth.  But 
by  a  later  and  most  interesting  research  of 
MM.  Clement  and  Desormes,  lapis  lazuli 
appears  to  be  composed  of  34  silica,  33  alu- 
mina, 3  sulphur,  and  22  soda.  (Ann»  de 
Chimie,  tom.  57.)  In  this  analysis,  however, 
a  loss  of  dght  per  cent  was  experienced. 
These  distinguished  chemists  consider  the 
.above  ingredients  essential,  and  the  2l4  of 


lime  and  1.5  of  iron,  which  they  have  occa- 
sionally met  with,  as  accidental.  It  is  jtrom 
azure-stone  that  the  beautiful  and  unchange- 
able blue  colour  ultramarine  is  prepared.  Hie 
finest  specimens  are  brought  from  China, 
Persia,  and  Great  Bucharia.  They  are  made 
red-hot  in  the  fire,  and  thrown  into  water  to 
render  them  easily  pulverizable.  They  are 
then  reduced  to  a  fine  powder,  and  intimately 
combined  with  a  varnish,  formed  of  resin, 
wax,  and  boiled  linseed  oil.  This  pasty  mix- 
ture b  put  into  a  linen  cloth,  and  repeatedly 
kneaded  with  hot  water :  the  first  vniter,  which 
is  usually  dirty,  is  thrown  away ;  the  second 
gives  a  blue  of  the  first  quality ;  and  the  thiitl 
yields  one  of  less  value.  The  process  is 
founded  on  the  property  which  the  colouring 
matter  of  azure-stone  has,  of  adhering  less 
firmly  to  the  resinous  cement  than  the  foreign 
matter  with  which  it  is  associated. 

When  azure-stone  has  its  colour  altered  by 
a  moderate  heat,  it  is  reckoned  bad.  MM. 
Clement  and  Desonnes  consider  the  extract 
tion  of  ultramarine  as  a  species  of  saponifica- 
tion. ' 

AZURITE,  pr  PRISMATIC  AZURE 
SPAR,  the  LAZULITE  of  Werner  and 
Haiiy.  This  mineral  is  often  found  in  ob- 
lique quadrangular  crystab  of  a  fine  blue 
colour.  It  is  translucent  only  on  the  edges ; 
brittle,  and  nearly  as  hard  as  quartz.  When 
massive,  it  is  either  in  grains,  or  bits  like  a 
hazel-nut  It  occurs  imbedded  in  mica  slate. 
Its  lustre  is  vitreous.  Its  constituents  are^ 
66  alumina,  18  magnesia,  10  silica,  2.5  oxide 
of  iron,  2  lime.  It  occurs  in  Vorau  in  Stiria, 
in  a  gangue  of  quarU ;  but  the  finest  sped* 
mens  come  from  the  bishopric  of  Salzbuig. 


B 


BABINGTONITE.  A  new  mineral,  in 
small  brilliant  crystals,  associated  with  cleav- 
landite,  flesh-coloured  felspar,  and  green  am- 
phibole,  on  a  specimen  from  Arendahl.— if. 
Levy,  in  AnnaUaf  Phil,  vii.  275. 

BAIKALITE.    See  Tremoute  ( Asbes- 

TIFORJd). 

BALANCE.  The  beginning  and  end  of 
every  exact  chemical  process  consists  in 
wdghing. 

Tlie  balance  is  a  lever,  the  axis  of  motion 
of  which  is  formed  with  an  edge  like  that  of 
a  knife ;  and  the  two  dishes  at  its  extreinities 
are  hung  upon  edges  of  the  same  kind. 

Tlie  equality  of  the  arms  of  a  balance  is 
of  use,  in  scientific  pursuits,  chiefly  in  mak- 
ing weights  by  bisection.  A  balance  with 
unequal  arms  will  wdgh  as  accurately  as  an- 
other of  the  same  workmanship  with  equal 
arms,  provided  the  standard  weight  itself  be 
first  counterpoised,  then  taken  out  of  the 
scale,  and  the  thing  to  be  weighed  be  put 


into  the  scale  and  adjusted  against  the  coan* 
terpoise;  or  when  proportional  quantities  only 
are  considered,  as  in  chemical  and  in  other 
philosophical  experiments,  the  bodies  and 
products  under  examination  may  be  weighed 
against  the  weights,  taking  care  alvrays  to 
put  the  weights  into  tlie  same  scale.  For 
then,  though  the  bodies  may  not  be  really 
equal  to  the  weights,  yet  thdr  proportions 
among  each  other  may  be  the  same  as  if  they 
had  been  accurately  so. 

Wdghts  are  made  by  a  subdivision  of  a 
standard  wdght  The  readiest  way  to  sub* 
divide  small  weights,  consists  in  wdghing  a 
certain  quantity  of  small  wire,  and  afterward 
cutting  it  into  such  parts,  by  measure,  as  are 
desired :  or  the  wire  may  be  wrapped  close 
round  two  pins,  and  then  cut  asunder  with  a 
knife.  By  this  means  it  will  be  divided  into 
a  great  number  of  equal  lengths,  or  small 
rings.  The  wire  ought  to  be  so  thin,  as  that 
one  of  these  rings  may  barely  produce  a  sea* 
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sible  cflfeet  on  the  beam.  Small  weights  may 
be  made  of  thin  leaf  brass.  Jewellers*  foil  is 
a  good  material,  for  weights  below  1-1 0th  of 
a  grain,  as  low  as  to  1-lOOtli  of  a  grain ;  and 
all  lower  quantities  may  be  either  estimated 
by  the  position  of  the  index,  or  shown  by  ac- 
tually counting  the  rings  of  wire,  the  value 
of  which  has  been  determined. 

In  philosophical  experiments,  it  will  be 
found  very  convenient  to  admit  no  more  than 
one  dimension  of  weight.  The  grain  is  of 
such  magnitude  as  to  deserve  the  preference. 

A  balance  (made  by  Ramsden,  and  turning 
on  points  instead  of  edges)  in  the  possession 
of  Dr  George  Fordyce^  is  mentioned  in  the 
seventy-fifUi  volume  of  the  Philosophical 
IVansactions.  With  a  load  of  four  or  five 
ounces,  a  difference  of  one  division  in  the  in- 
dex was  made  by  tt^  ^^  ^  grain.  This  is 
3  8  40  66  P'^  ^^  ^^  weight,  and  conse- 
quently this  beam  will  ascertain  such  weights 
to  five  places  of  figures,  beside  an  estimate 
figure. 

The  Royal  Society's  balance,  which  was 
made  by  Ramsden,  turns  on  steel  edges,  upon 
planes  of  polished  crystal.  It  is  said  to  as- 
certain a  weight  to  the  seven^millionth  part; 
and  it  may  be  used  in  general  practice  to  dfr> 
termine  weights  to  five  places  and  better. 

From  this  account  of  balances,  the  student 
may  fonn  a  proper  estimate  of  the  value  of 
thcoe  tables  of  specific  gravities,  which  are 
carried  to  five,  six,  and  even  seven  places  o£ 
figures,  and  likewise  of  the  theoretical  deduc- 
tions in  chemistry,  that  depend  on  a  supposed 
accuracy  in  weighing,  which  practice  does  not 


authorize.  In  general,  where  weights  are 
given  to  five  places  of  figures,  the  last  figure 
is  an  estimate,  or  guess  figure ;  and  #here 
they  are  carried  fiutber,  it  may  be  taken  for 
granted,  that  the  author  deceives  either  in- 
tentionally, or  from  want  of  skill  in  reducing 
his  weights  to  fractional  expressions,  or  other- 
wise. 

The  most  exact  standard  weights  were 
procured  by  means  of  the  ambassadors  of 
France,  resident  in  various  places ;  and  these 
were  compared  by  M.  Tillet  with  the  standard 
mark  in  the  pile  preserved  in  the  Cour  de 
MomuMes  de  Paris.  His  experiments  were 
made  with  an  exact  balance  made  to  weigh 
one  marc,  and  sensible  to  one  quarter  of  a 
grain.  Now,  as  the  marc  contains  18432 
quarter  grains,  it  follows  thiat  this  balance 
was  a  good  one,  and  would  exhibit  propor- 
tions to  four  places  and  a  guess  figure.  The 
results  are  contained  in  &e  following  table^ 
extracted  from  Mons.  llUet's  excellent  paper 
in  the  Memoirs  of  the  Royal  Academy  of 
Sciences  for  the  year  1767.  I  have  added 
the  two  last  columns,  which  show  the  num» 
her  of  French  and  English  grains  contained 
in  the  compound  quantities  against  which 
they  stand.  The  English  grains  are  com- 
puted to  0Dfr4enth  of  a  grain,  although  the 
accuracy  of  weighing  came  no  nearer  than 
i^ut  two-tenths. 

The  weights  of  the  kilogramme,  gramme^ 
decigramme,  and  centigramme,  which  ave 
now  frequently  occurring  in  the  French  che- 
mical writers,  are  added  at  the  bottom  of  this 
table,  according  Co  their  respective  values. 


Table  of  the  WeighU  ofdifftretA  Countries. 


Ilaoe  and  DenomiDation  of  Weigbti. 

Berlin.     Themarc  of  16  loths, 
Berne.     Goldsmiths*  weight  of  8  ounces, 
Berne.     Pound  of  16  ounces  for  merchan- 
dise, ..... 

The  common  pound  varies  very  consider- 
ably in  other  towns  of  the  canton. 
Berne.     Apothecaries*  weight  of  8  ounces, 
Bonn,  ...... 

Brussels.       The    marc,    or   original    troyes 
weight,  ..... 

Cologne.     The  marc  of  16  loths, 
Constantinople.     Tlie  chekl,  or  100  drachms, 
Copenhagen.    Goldsmiths*  weight,  commonly 

supposed  equal  to  the  marc  of  Cologne 
Copenhagen.     Merchants*  weight  of  16  loths, 
Dantzic  weight;  commonly  supposed  equal  to 
tlie  marc  of  Cologne,  ... 

Florence.     The  pound  (anciently  used  by  the 
Romans),         -  -  ... 

Genoa.     The  peso  sottile^    .... 

Genoa.     The  peso  grossQ,    .... 

Hamburgh  weight;  commonly  supposed  equal 
to  the  Cologne  marc,  ... 


1 

2 


1 
1 
1 


OS. 

gm 

graini. 

F.  graini. 

7 

5 
i 

16 
4 

4408 
4648 

1 

i 

6 

9834 

7 

7 

f 

26 
6 

4454 
43981 

7 
2 

5 
3 

21 
11 

28 

4629 
4403 
6004 

7 

? 

22i 

4438( 
47024 

7 

5 

Si 

4395^ 

3 
2 
2 

1  • 
3 

20 

30 

5 

6392 
5970 
5981 

7 

5 

n 

4399} 

1 

1 

1   — 


3616.3 
d8ia2 

8067.7 


3654. 
360a6 

3797.6 
3612.2 
4925.6 

3641.2 
3857.9 

3606. 

5  44. 

4897.7 

4906.7 

3609.4 
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1 
1 
1 


3 
1 
1 


1 
2 
1 
1 


01. 

7 


7 
4 
6 
3 
7 
2 
7 
7 

7 
2 

6 


»4 

H 

4 

5 
5 

5 

^ 


2 
3 
5 

7 


5 

7 
1 


1 
1 


4j 

7 
5 


1 
1 


23 

24 
34 

1 

6 
23 

8* 
21 

10 

33^ 

11 

27J 

24 


Place  and  Oenomiiution  of  W«ighti.  Matt:    en.    8nM.lgnSnt 

Hamburgh.     Another  weight, 

Liege.     The  Bruaaels  marc  used;  but  the 

weight  proved,    .      -        -        -        - 
Lisbon.     The  marc,  or  half-pound,    - 
London.     The  pound  troy,       ".       "        " 
London.     The  pound  avoirdupois,     - 
Lucca.     TTie  pound,        -        -        -        - 
Madrid.     The  marc  royal  of  Castille,  - 
Malta.     The  pound,         -        -        -        - 
Manheim.     (The  Cologne  marc), 
Milan.     Hie  marc,  -         -        -        - 

Milan.     The  Kbra  grossa,  -        .        - 

Munich.     (Ibe  Cologne  marc), 
Naples.     Tlie  pound  of  12  ounces,    - 
Batisbon.      The  weight  for  gold  of  128 

crowns,  -         .         -         -        - 

Ratisbon.     The  weight  for  ducats;  of  64 

ducats,  -  -         -        -        - 

Batisbon.     Hie  marc  of  8  ounces,     - 
Batisbon.     The  pound  of  16  ounces. 
Borne.     The  pound  of  12  ounces, 
Stockholm.     The  pound  of  2  marcs, 
Stuttgard.     (The  Cologne  marc), 
Turin.     The  marc  of  8  ounces, 
At  Turin  they  have  also  a  pound  of  12  of 

the  above  ounces.     Bu^  in  their  apo- 
thecaries* pound    of    12  ounces,    the 

ounce  is  one-«ixth  lighter. 
Warsaw.     The  pound,     -        -        -        -  1 

Venice.     The  libra  grossa  of  12  ounces,      -  1 

Venice.     The  peso  sottile  of  12  ounces,      -         1 
In  the  bounds  dependent  on  Venice^  the 

pound  differs  considerably  in  each. 
Vienna.     Tlie  marc  of  commerce,       .        -         1 
Vienna.     The  marc  of  money,  -        -         1 

England.     The  grain,      -        .        -        - 
France.     The  grain,         -        -        -        - 

The  kilogramme,  -        -         4 

The  gramme,  -        -r        - 

The  decigramme, 
The  centigramme. 

See  Tabu:  of  Weights  and  Measures  in  the  Appendix. 


12 

25i 

24 


16 
26 


3d 


F.  grains. 

4559 

4632 
4318 
7021 
8538 
6359^ 
4328 
5961 
4402 
U25 
14364^ 
4403| 
6039 

8088 

4208 
4632 
10698 
6386 
8000 

4630| 


3740.2 

380ai 
3542.4 
5760. 
7004.5 
5217. 
3550.7 
4890.4 
3611.5 
3660.2 
11784. 
3612.3 
4954.3 

6635.3 

3452.3 

3800.1 

8776.5 

5239. 

656a  1 

3612.6 

3799. 


7644 

6271. 

8989^ 

7374.5 

5676 

4656.5 

5272 

4325. 

5282 

433a3 

0.82039 

1. 

1. 

1.21895 

18827.15 

15445.5 

1&827 

15.445 

1.8827 

1.5445 

.18827 

.16445 

Tlie  commissioners  appointed  by  the  Bri- 
tish Government  for  considering  the  subject 
of  weights  and  measures,  gave  in  their  first 
report  on  the  24th  June  1819.  The  follow- 
ing  is  the  substance  of  it. 

«  1.  With  respect  to  the  actual  magnitude 
of  the  standards  of  length,  the  commissioners 
are  of  opinion,  that  there  is  no  sufficient  rea- 
son for  altering  those  generally  employed,  as 
there  is  no  practical  advanti^ge  in  having  a 
quantity  commensurable  to  any  original  quan- 
tity existing,  or  which  may  be  imagined  to 
exist,  in  nature,  except  as  affording  some 
little  encouragement  to  its  common  adoption 
by  neighbouring  nations. 

«  2.  The  sut^ivisions  of  weights  and  mea- 
sures at  present  employed  in  this  country, 
appear  to  be  fiur  more  convenient  for  practical 
purposes  than  the  decimid  scale.    The  power 


of  expressing  a  third,  a  fourth,  and  a  sixth  of 
a  foot  in  inches,  without  a  fraction,  is  a  pe- 
culiar advantage  in  the  duodecimal  scale; 
and  for  the  operation  of  weighing  and  of 
measuring  capacities,  the  continual  division 
by  two,  renders  it  practicable  to  make  up 
any  given  quantity  with  the  smallest  possible 
number  of  weights  and  measures,  and  is  far 
preferable  in  this  respect  to  any  decimal  scale. 
The  commissioners  therefore  recommend,  that 
all  the  multiples  and  subdivisions  of  the  stan- 
dard to  be  adopted,  should  retain  the  same 
relative  proportions  to  each  other  as  are  at 
present  in  general  use. 

*<  3.  That  the  standard  yard  should  be  that 
employed  by  General  Roy  in  the  measure- 
ment of  a  base  on  Hounslow  Heath,  as  a 
foundation  of  the  great  trigonometrical  sur- 
vey. 


BALANCE. 


197 


BALSAMS. 


**  4w  lluit  in  caie  this  standard  should  be 
lost  or  impaired,  it  shall  be  dechued  that  the 
length  of  a  pendalum,  vibrating  seconds  of 
mean  solar  time  in  London,  on  the  level  of 
the  sea,  and  in  a  vacttum,  is  89.1372  inches 
of  the  standard  scaler  and  that  the  length  of 
the  FVench  metre,  as  the  ten-millionth  part  of 
the  quadrantal  arc  of  the  meridian,  has  been 
found  equal  to  39.3691  inches. 

**  &  That  10  ounces  troy,  or  4800  grains, 
should  be  dedared  equal  to  the  weight  of  19 
cubic  inches  of  distilled  water,  at  the  tempe- 
rature of  SOP,  and  that  one  pound  avoirdupois 
must  contain  7000  of  these  grains. 

**  6.  That  the  standard  ale  and  com  gal* 
Ion  should  contain  exactly  ten  pounds  avoir- 
dupou  of  distilled  water  at  62^  Fahr.  being 
nearly  equal  to  277.3  cubic  inches,  and  agree* 
ing  vrith  the  standard  pint  in  the  Exchequer, 
vrfaich  is  found  to  contain  exactly  20  ounces 
of  water.  The  customary  ale  gallon  contains 
282  cubic  inches,  and  the  Winchester  oora 
gallon  269,  or  accordingto  other  statutes  272} 


cubic  inches ;  so  that  no  inconvenience  can 
possibly  be  fdt  from  the  introduction  of  a  new 
gallon  of  277.3  inches.  The  commissioners 
have  not  decided  upon  the  propriety  of  abo- 
lishing entirely  the  use  of  the  wine  gallon*". 

Hie  following  simple  relations  of  weight 
and  measure  were  suggested  by  Dr  WoUasy 
ton,  in  his  examination  before  the  committee ; 
and  they  have  been  adopted  in  the  national 
system  z*-*- 

**  Hiere  is  one  standard  of  capacity  that 
would  be  particttlariy  advantageous,  because 
it  would  bear  simple  proportions  to  the  mea- 
sures now  in  use ;  so  that  one  of  the  great 
inconveniendes  arising  from  change  of  the 
standard  would  be  obviated,  by  the  facility  of 
making  many  neoeasary  computations  without 
reference  to  tables. 

"  If  the  gallon  measure  be  defined  to  be 
that  which  contains  10  lbs.  of  vrater  at  56)^ 
F. ;  then,  since  the  cubic  foot  of  water  weighs 
1000  OS.  at  56iS 


j^  pint 

Pint 

Bushel 


18  OS. 

20  oz. 
801b. 


34v56  cubic  foot  s=  17.28  inches. 
2211.84  indies. 


And  the  simple  proportions  above  alluded  to  will  be  found  as  follows  :^ 


The  gallon  of  10  lb. 

Also» 
The  pint  of  1}  lb. 
BushdofdOlb. 
A  cylinder  of  18}  in  diam. 
Ditto  18} 


Cabic  Inchei. 

276.48  X  if  =    282.01 

276.48  X  if  =    230.40 

34.56  X  3    r=:    10a68 

2211.84  X  14=2150.40 

X  8    =  2208.93 

X  8-0105 


282  beer  gallon. 
231  wine  gallon. 
10a4Stu-lingjug. 
2150.42  Winch,  bush. 
Approximate  bush. 
22K184  new  bush. 


**  The  following  mode  of  defining  the  standards  of  length,  weight,  and  capadty,  is  sub- 

mitted  to  the  oonunittee  on  wdghts  and  measures,  as  the  most  distinct  answer  to  their 

inquiries  :— 

^%_       -J   ji  OA  •    1.       f  w  suchf  that  a  pendulum  of  39. 13  inches,  vibrates  seconds  in 
OneyardofSOmdies,  I      London. 

Avoir.    j^^lJ'J^  °^(  w  such,  that  one  cubic  foot  of  water,  at  56J«>,  weighs  1000  oz. 

Troy,     I  ^60^  ^\  *»  «»<*,  that  7000  grains  =  1  pound  (avoirdupois). 

r\^       11       ^o   '  A    ^  «Mv  be  such  aa  to  contain  10  pounds  of  distiUed  water  at  the  tern- 
One  gallon,  of  8  pmts,  J      peratme  of  66J<»  Fahr.  with  great  convenience." 


The  cubic  inch  of  distilled  vrater  at  62^, 
-wdghed  in  air  under  the  common  circum- 
stances  with  brass  weights,  is  equal  to  252.456 
English  grains;  and  the  cubic  decimeter,  or 
actual  standard  chiliogranune,  is  equal  to 
15433  English  grains.  See  Appendix, 
Table  iz. 

Captain  Kater  has  lately  made  a  small  cor- 
rection on  his  first  determination  of  the  length 
of  the  pendulum  vibrating  seconds  in  the  lati- 
tude of  London.  Instead  of  39. 1 3860  inches, 
as  given  in  the  Phil.  Trans,  for  1818,  he  has 
made  it  39.13929  inches  of  Sir  Geo.  Shuck- 
burgh's  standard  scale.  Mr  Watts,  in  the 
5th  number  of  tbe  Edinburgh  Philosophical 


Journal,  makes  it  =  39. 138666  of  the  above 
scale,  or  sss  39.1372405  of  General  Roy*s 
scale,  at  Captain  Kater's  temperi^ure  of  62^ 
Fahr.  and  0.9941  of  a  metre. 

BALAS,  or  BALAIS  RUBY.  See 
Spinelle. 

BALLOON.  Recdvers  of  a  spherical 
form  are  called  balloons. 

BALLOON.     See  Aerostatics. 

BALSAMS,  are  vegetable  juices,  dtber 
liquid,  or  which  spontaneously  become  coiw 
crete^  consisting  of  a  substance  of  a  resinous 
nature  combined  with  benzoic  add,  or  which 
are  capable  of  affording  bensoic  add  by  being 
heated  alone  or  with  vrater.     They  are  insch 
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luble  in  water,  but  readily  dissolve  in  alcohol 
and  ether.  The  liquid  balsams  are  copaiva, 
opo-balsam,  Peru,  styrax,  Tolu ;  the  concrete 
are  benzoin,  dragon's  blood,  and  storax; 
which  see. 

BALSAM  OF  SULPHUR.  A  solution 
of  sulphur  in  oiL 

BALDWIN'S  PHOSPHORU&  Ig- 
nited nitnte  of  lime. 

BARDIGLIONE.  A  blue  variety  of 
anhydrite,  cut  and  polished  for  various  orna- 
mental purposes. 

BARIUM.  The  metellic  basis  of  the 
earth  baryta  has  been  called  barium  by  its 
discoverer,  Sir  H.  Davy.  Take  pure  baryta, 
make  it  into  a  paste  with  water,  and  put  this 
on  a  plate  of  platinum.  Make  a  cavity  in  the 
middle  of  the  baryta,  into  which  a  globule  of 
mercury  is  to  be  placed.  Touch  the  globule 
with  the  n^ative  wire,  and  the  platinum  with 
the  positive  wire  of  a  voltaic  battery  of  about 
1 00  pairs  of  plates  in  good  action.  In  a  short 
time  an  amalgam  will  be  formed,  consisting  of 
mercury  and  barium.  This  amalgam  must 
be  introduced  into  a  little  bent  tube,  made  of 
gUss  free  from  lead,  sealed  at  one  end,  which 
being  filled  with  the  vapour  of  naphtha,  is 
tlien  to  be  hermetically  sealed  at  the  other  end. 
Heat  must  be  applied  to  the  recurved  end  of 
the  tube,  where  the  amalgam  lies.  The  mer- 
cury will  distil  over,  wMle  the  barium  will 
remain. 

This  metal  is  of  a  dark  grey  colour,  with 
a  lustre  inferior  to  that  of  cast-iron.  It  is 
fUsible  at  a  red  heat  Its  density  is  superior 
to  that  of  sulphuric  add ;  for  though  sur- 
rounded with  globules  of  gas,  it  sinks  imme- 
diately in  that  liquid.  When  exposed  to  air, 
it  instantly  becomes  covered  widi  a  crust  of 
baryta ;  and  when  gently  heated  in  air,  bums 
with  a  deep  red  light  It  effervesces  violently 
in  water,  converting  this  liquid  into  a  solu- 
tion of  baryta.  Sir  H.  Davy  thinks  it  pro- 
bable that  barium  may  be  procured  by  che- 
mical as  well  as  electrical  decomposition. 
When  chloride  of  barium,  or  even  the  dry 
earth,  ignited  to  whiteness,  is  exposed  to  the 
vapour  of  potassium,  a  dark  grey  substance 
is  found  diffused  through  the  baryta  or  the 
chloride^  not  volatile,  which  effervesces  copi- 
ously in  water,  and  possesses  a  metallic  ap- 
pearance, which  disappears  in  the  air.  The 
potassium,  by  being  thus  transmitted,  is  con- 
verted into  potash.  From  indirect  experi- 
ments Sir  H.  Davy  was  inclined  to  consider 
baryta  as  composed  of  89.7  barium  -f-  10.3 
oxygen  =  100.  This  would  make  the  prime 
equivalent  of  barium  8.7,  and  that  of  baryta 
9.7,  compared  to  that  of  oxygen  1.0;  a 
determination  nearly  exact  Dr  CUrke  of 
Cambridge,  by  exposing  dry  nitrate  of  baryta 
t>n  charcoal,  to  the  intense  heat  of  the  con- 
densed hydroxygen  flame,  observed  metallic- 
looking  globules  in  tlie  midst  of  the  boiling 
iiuid,  and  the  charcoal  was  found  to  be  studded 


over  wltli  innumerable  globules  of  the 'most 
brilliant  lustre  and  whiteness.  On  lettfaig 
these  globules  fall  from  the  charcoal  into 
water,  hydrogen  was  evolved  in  a  continued 
stream.  When  the  globules  are  plunged  ia 
naphtha,  they  retain  their  brilliancy  but  for  a 
few  days. 

.  Barium  combines  with  oxygen  in  two  pro- 
portions, forming,  1st,  baryta,  and  8d,  the 
deutoxide  of  barium. 

Pure  baryta  is  best  obtained  by  igniting, 
in  a  covered  crucible,  the  pure  crystallixed 
nitrate  of  baryta.  It  is  procured  in  the  state 
of  hydrate,  by  adding  caustic  potash  or  soda 
to  a  solution  of  the  muriate  or  nitrate.  And 
baryta,  slightly  coloured  with  charcoal,  may 
be  obtained  by  strongly  igniting  the  carbo- 
nate and  charcoal  mixed  together  in  fine 
powder.  Baryta  obtained  from  the  ignited 
nitrate  is  of  a  whitisli-grey  colour;  more 
caustic  than  strontia,  or  perhaps  even  lime. 
It  renders  the  syrup  of  violets  green,  and 
the  infuaon  of  turmeric  red.  Its  specific 
gravity  by  Fourcroy  is  4w  When  water  in 
small  quantity  is  poured  on  the  dry  earth,  it 
slakes  like  quicklime,  but  perhaps  with  evo- 
lution of  more  heat  When  swallowed  it 
acts  as  a  violent  poison.  It  is  destitute  of 
smelL 

When  pure  baryta  is  exposed,  in  a  porce- 
lain tube,  at  a  heat  verging  on  ignition,  to  a 
stream  of  dry  oxygen  gas,  it  absorbs  the  gas 
rapidly,  and  passes  to  the  state  of  deutoxide 
of  barium.  But  when  it  is  calcined  in  con- 
tact with  atmospheric  air,  we  obtain  at  first 
tliis  deutoxide  and  carbonate  of  twryta;  the 
former  of  which  passes  very  slowly  into  the 
latter,  by  absorption  of  carbonic  add  from 
the  atmosphere. 

The  deutoxide  of  barium  is  of  a  greenish- 
grey  colour ;  it  is  caustic,  renders  the  syrup 
of  violets  green,  and  is  not  decomposable  by 
heat  or  light  The  voltaic  pile  reduces  it 
Exposed  at  a  moderate  heat  to  carbonic  acid, 
it  absorbs  it,  emitting  oxygen,  and  becoming 
carbonate  of  baryta.  Tlie  deutoxide  h  pro- 
bably decomposed  by  sulphuretted  hydrogen 
at  ordinary  temperatures.  Aided  by  heat, 
almost  all  combustible  bodies,  as  wdl  as 
many  metals,  decompose  it  The  action  of 
hydrogen  is  accompanied  with  remarkable 
phenomena.  At  about  392°  F.  the  absorp- 
tion of  this  gas  commences;  but  at  a  heat 
approaching  to  redness  it  is  exceedingly  rapid, 
attended  with  luminous  jets  proceeding  from 
the  surface  of  the  deutoxide.  Although 
much  water  be  formed,  none  of  it  appears 
on  the  sides  of  the  vessel.  It  is  all  retained 
in  combination  with  the  protoxide^  which  in 
consequence  becomes  a  hydrate,  and  thus 
acquires  the  property  of  fusing  easily.  By 
heating  a  certain  quantity  of  baryta  with  an 
excess  of  oxygen,  in  a  small  curved  tube 
standing  over  mercury,  M.  Tlienard  ascer- 
tained, tliat  in  the  deutoxide  tlic  quantity  of 
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Uw  oxygen  is  the  double  of  that  in  the  prot*  a  solid  of  a  whidsb-grey  colour,  cattstic,  and 

oxide.     Hence  the  former  will   consist  of  very  dense.     It  fuses  at  a  heat  a  little  under 

&75  barium  -f-  ^  oxygen  xa  10.75  for  its  a  cherry-red;  is  fixed  in  the  fire;  attracts, 

prime  equivalent     From  the  facility  with  but  slowly,  carbonic  acid  from  the  atmos- 

which  the  protoxide  passes  into  the  deut-  phere.     It  yields  carburetted  hydrogen  and 

oxide,  we  may  conceive  that  the  former  may  carbonate  of  baryta  when  heated  along  with 

frequently  contain  a  proportion  of  the  latter,  charcoal,  provided  this  be  not  in  excess, 
to  which  cause  may  be  ascribed  in  some         Sulphur  combines  with  barium,  when  ba- 

degree  the  discrepancies  among  chemists,  in  ryta  and  sulphur  are  heated  together  in  a 

estimating  the  equivalent  of  baryta.  crucible.     The  same  compound  is  more  eco- 

M.  Quesneville  has  contrived  the  follow-  nomically  obtained  by  igniting  a  mixture  of 

ing  economical  process  for  preparing,  deut-  .sulphate  of  baryta  and  charcoal  in  fine  pow- 

.oxide  of  barium.     Nitrate  of  baryta  is  to  be  der.     This  sulphuret  is  of  a  reddish-yellow 

put  into  a  luted  earthen-ware  retort,  to  which  colour,  and  when  dry  without  smelL     When 

a  tube  is  to  be  attached  for  the  purpose  of  this  substance  is  put  into  hot  water,  a  powerful 

•conveying  the  liberated  gases  to  a  water-  action  is  manifested.     Tlie  water  is  decom- 

.trough.    The  retort  is  to  be  grsdually  heated  posed,  and  two  new  products  are  formed, 

to  redness,  and  retained  at  that  temperature  namely,  hydrosulphuret,  and  a  hydroguretted 

as  long  as  nitrous  acid  and  nitrogen  gas  pass  sulphuret  of  baryta.     The  first  crystallizes 

.over.      The   disengagement  of  these  sub-  as  the  liquid  coots,  the  second  remains  difr- 

stances  indicates  that  some  nitrate  of  ba-  solved.     The  hydrosulphuret  is  a  compound 

ryta  remains  to  be  decomposed;  but  the  in-  of  9.75  of  baryta  with  2.125  sulphuretted 

stant  that  pure  oxygen  gas  passes  off',  the  hydrogen.     Its  crystals  should  be  quickly 

£r«  is  to  be  removed  and  the  retort  cooled,  separated  by  filtration,  and  dried  by  pres- 

The  product  of  this  decomposition  is  a  per-  sure  between  the  folds  of  porous  paper.    Hey 

oxide  of  barium :  it  falls  to  pieces  in  water  are  white  scales,  have  a  silky  lustre,  are  so- 

without  producing  heat,  disengages  oxygen  luble  in  water,  and  yield  a  solution  having 

when  boiled  with  water,  and  is  reduced  to  a  a  greenish  tinge.     Its  taste  is  acrid,  sulpbu- 

protoxide  by  a  strong  heat.     When  acted  rous,  and  when  mixed  with  the  hydroguretted 

upon  by  sulphuric  acid,  no  nitric  acid  was  sulphuret,  eminently  corrosive.     It  rapidly 

evolved ;  and  when  subjected  to  nitric  acid,  attracts  oxygen  from  the  atmosphere,  and  is 

no  nitric  oxide  was  produced.     The  produc-  converted  into  the  sulphate  of  baryta.     The 

tion  of  this  peroxide  is  easily  understood,  for  hydroguretted  sulphuret  is  a  compound  of 

the  protoxide  formed  by  the  decomposition  9.75  baryta  with  4.125  bisulphuretted  hy- 

of  the  nitrate  being  in  contact,  at  a  red  heat,  drogen ;  but  contaminated  with  sulphite  and 

.with  a  large  quantity  of  oxygen  in  a  nascent  hyposulphite  in  unknown  proportions.     The 

.  Btate^  combines  with  it,  and  is  retained,  un-  dry  sulphuret  consists  probably  of  2  sulphur 

less  the  heat  is  so  high  as  to  decompose  it.  -f-  8b75  barium.     The  readiest  way  of  ob- 

An  analogous  result  happens  in  the  de-  taining  baryta  water  is  to  boil  the  solutioa 

composition  of  nitre,   as   Mr   Philips  has  of  the  sulphuret  with  deutoxide  of  copper, 

abewn.     See  Potasbiom.  which  seizes  the  sulphur,  while  the  hydrogen 

Water  at  50^  F.  dissolves  one-twentieth  of  flies  off*,  and  the  baryta  remains  dissolved. 
its  weight  of  baryta,  and  at  212°  about  one-         Fhosphuret  of  baiyta  may  be  easily  formed 

half  of  its  weight;  though  M.  Tlienard,  in  a  by  exposing  the  constituents  together  to  heat 

table,  baa  stated  it  at  only  one-tenth.     As  in  a  glass  tube.     Their  reciprocal  action  is 

the  solution  cools,  hexagonal  prisms,  termi-  so  intense  as  to  cause  ignition.     Like  phoa- 

nated  at  each  extremity  with  a  four-sided  phuret  of  lime,  it  decomposes  water,  and 

pyramid,  form.     These  crystals  are  often  causes  the  disengagement  of  phosphuretted 

attached  to  one  another,  so  as  to  imitate  the  hydrogen  gas,  which  spontaneously  inflames 

leaves  of  fern.     Sometimes  they  are  depo-  with  contact  of  air.     When  sulphur  is  made 

sited  in  cubes.     They  contain  about  53  per  to  act  on  the  deutoxide  of  baryta,  sulphuric 

cent  of  water,  or  20  prime  proportions,    llie  acid  is  formed,  which  unites  to  a  portion  of 

supernatant  hquid  is  baryta  water;  it  is  co-  the  earth  into  a  sulphate, 
lourless,  acrid,  and  caustic.   It  acts  powerfully         The  salts  of  baryta  are  whiter  and  more  or 

.  on  the  v^^etable  purples  and  yellows.     £x-  less  transparent     All  the  soluble  sulphatea 

posed  to  the  air,  it  attracts  carbonic  acid,  and  cause  in  the  soluble  salts  of  baryta  a  preci- 

the  dissolved  baryta  is  converted  into  carbo-  pitate  insoluble  in  nitric  add.     They  are  all 

nate,  which  falls  down  in  insoluble  crusts.    It  poisonous  except  the  sulphate ;  and  hence 

appeen  from  the  experiments  of  M.  Berthol-  the  proper  counter-poison  is  dilute  sulphuric 

let,  that  heat  alone  cannot  deprive  the  crys-  acid  for  the  carbonate,  and  sulphate  of  soda 

tallized  hydrate  of  its  water.     After  exposure  for  the  soluble  salts  of  baryta.     An  account 

to  a  red  heat,  when  it  fuses  like  potash,  a  has  been  given  of  the  most  useful  of  these  salts 

proportion  of  water  remains  in  combination,  under  the  respective  acids.     What  remains  of 

This  quantity  is  a  prime  equivalent  s=  1. 125,  any  consequence  will  be  found  in  the  table 

to.  9.75  of  baryta.<»Tbe  ignited  hydrate  is  of  Salts.     For  some  interesting  facts  ontho 
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decompodtioii  of  the  sulphate  and  atffoonate,  melt  hefbie  the  bknrpipe*     It  is  wmpoead 

see  Attraction.    When  the  object  is  merely  of  carfooDBle  of  strontia  68b6,  sulphate  of 

to  procure  baryta  or  the  sulphuret,  form  the  baryta  27«5»  carbonate  of  lune  2.6,  oxide 

powdered  caibonate  or  sulphate  into  a  paste  of  iron  0.1,   loss  1.2.— Dp  TraUL     It  is 

with  lamp-black  and  coal-tar,  and  subject  to  found  in  veins,  or  rather  nests,  accompanied 

strong  ignition  in  a  covered  crucible.     As  by  galena,  at  Stromness  in  Orkney. 

baryU  and  stiontia  are  occasionally  associated,  B  A  R  YT  A.     See  B  ariuil 

it  becomes  an  important  problem  to  sepamte  BARYTE.     See  Heavit  Spar. 

these  two  earths,  which  M.  BerzeUus  operates  B  A  R  YTO-C  ALCI  T£ ;  a  mineral  found 

on  the  following  principle.     Fluate  of  silica  in  Cumberland,  of  a  slightly  yellowish-browa 

and  baryta  precipitates  in  crystals  almost  in-  tinge,  translucent,  with  a  waxy  lustre,  and 

soluble^     The  fluate  of  silica  and  strontia  is  sp.  gr.  3.66.     It  contains  cavities  which  are 

very  soluble  in  excess  of  the  fluosilidc  acid,  lined  with  crystals  in  oblique  rhombic  prisma. 

The  mixture  of  the  two  earths  is  to  be  di»>  The  external  surface  b  coated  with  sulpliale 

solved  in  muriatic  or  acetic  acid,  then  solu-  of  baryta.     It  consists,  by  Mr  Children's 

tion  of  fluodlictc  add  is  to  be  poured  in—the  analysis,  of  about  2  parts,  by  weight,  of  ca»> 

baryta  will  predpitate,  and  its  weight  is  to  be  bonate  of  baryta,  and  1  of  caibonate  of  lims), 

determined  by  that  of  the  predpitat^     A  which  b  a  prime  equivalent  of  each.— ^'rsolid^ 

very  small  quantity  of  sulphuric  add  bdng  Ann»  ofPhU,  N.S.  viiL  114. 

added  to  the  solution,  throws  down  from  it  BASALT  occurs  in  amorphous  master 

the  small  quantity  of  baryta  that  may  remain,  columnar,  amygdaloidal,  and  vesicular.     Ita 

without  acting  on  the  strontia.     The  liquid  colours  are  greyish-black,  ash-grey,  and  ra- 

is  to  be  filter^  evaporated  to  dryness,  and  ven-black«    Massive.    I>ull  lustre.    Granular 

the  residuum  decomposed  by  sulphuric  add.  structure.     Fracture  uneven  or  conchoidal. 

The  fluate  of  silica  and  baryta  is  made  by  Concretions  columnar,  globular,  or  tabular* 

dissolving  baryta  in  aqueous  fluosilidc  add.  It  is  opaque^  yidds  to  the  knife,  but  not  easily 

till  the  neutral  point  be  attained.    100  parts  frangible.    Streak  light  ash-grey.    Spw  gr.  3. 

of  the  dry  salt  afford,  by  ignition,  62.25  of  flu-  Melts  into  a  black  glass.    It  is  found  in  beds. 

ate  of  baryta,  while  37.75  of  silicated  fluoric  and  vdns  in  granite  and  mica  slate,  the  old 

acid  flies  off;  100  parts  of  the  same  salt  de-  red  sandstone,  limestone,  and  coal  formations. 

composed  by  sulphuric  add  afford  82.033  It  is  distributed  over  the  whole  worid,  but 

of  sulphate  of  baryta.     Hence,  M.  Berselius  nowhere  is  met  with  in  greater  variety  than 

states  its  composition  at  3  atoms  of  fluate  of  in  Scotland.     The  German  basalt  is  soppo^ 

baryta,  and  2  atoms  of  fluate  of  silica.— ^nn.  ed  to  be  a  watery  deposit ;  and  that  of  Rnncte 

de  Chim,  tt  de  Phyt.  xxviL  295.     See  Salt,  to  be  of  volcanic  origin. 

BARBADOES  TAR.  See  Petroleum.  The  most  remarkable  is  the  columnar  b«- 

BARILLA  or  B ARILLOR.   The  term  saltes,  which  forms  immense  masses,  compoa- 

given  in  commerce  to  the  impure  soda  im-.    ed  of  columns  tlnrty,  forty,  or  mors  ftet  m 

ported  from  Spain  and  the  Levant.     It  is  height,  and  of  enormous  thickness.     Nay, 

made  by  burning  to  ashes  different  plants  those  at  Fairhead  are  two  hundred  and  fifty 

that  grow  on  the  sea-shore,  chiefly  of  the  feet  high.    Hiese  constitute  some  of  the  most 

genus  salsola,  and  is  brought  to  us  in  hard  astonii^ng  scenes  in  nature,  for  the  immen- 

porous  masses,  of  a  speckled  brown  colour.  sity  and  regularity  of  their  parts.    Tlie  coast 

Kelp,  a  still  more  impure  alkali,  made  in  of  Antrim  in  Ireland,  for  the  space  of  three 

this  country  by  burning  various  sea- weeds,  miles  in  length,  exhibits  a  very  magnifioent 

u  sometimes  cdled  British  barilla,  variety  of  coliunnar  cliffs ;  and  the  Giant's 

BARLEY.    M.  Ptoust  has  given  the  fol-  Causeway  consists  of  a  point  of  that  coast 

lowing  as  the  constituents  of  this  grain  :•—  formed  of  similar  columns,  and  projecting 

Yellow  resin,  soluble  in  alcohol,           1  into  the  sea  upon  a  descent  for  several  hun- 

Gummy  and  saccharine  extract,           9  dred  feet     These  columns  are,  for  the  most 

Gluten,            ...          3  part,  hexagonal,  and  fit  very  accurately  to- 

Starch,            -            -            -        32  gether ;  but  most  frequently  not  adherent  to 

Hordeine^            ...         55  each  other,  though  water  cannot*  penetrate 

■  between  them.    And  the  basaltic  appearances 

See  HORDEINE.                            100  on  the  Hebrides  Islands  on  the  coast  of  Soot- 

BAROLITE.     Carix>nate  of  baryta.  land,  as  described  by  Sir  Joseph  Banks,  who 

B ARRAS.    The  resinous  incrustation  on  visited  them  in  1772,  are  upon  a  scale  very 

the  wounds  made  in  fir  trees.     It  is  also  striking  for  thdr  vastness  and  variety. 

called  galipot  An  extensive  field  of  inquiry  is  here  ofiGared 

BARYSTRONTIANITE,  or  STROM-  to  the  geological  philosopher,  in  his  attempts 

NITE ;  a  mineral  found  in  masses  of  a  to  ascertain  the  alterations  to  which  the  globe 

greyish- white  colour  externally,  yd  lo wish-  has  been  subjected.     The  inquiries  of  the 

white  and  weakly  shining  intemaJly.    TVans-  chemist  equally  co-operate  in  these  researches, 

lucent  on  the  edges ;  brittle  and  soft ;  sp.  gr.  and  tend  likewise  to  show  to  what  useftd  puiw 

3.703;  efl^avesces  with  acids,  but  docs  not  poses  this  and  other  substances  may  be  ap- 
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plied.     BergnuHi  fimnd  that  the  component  ties  depend  as  much  6n  the  state  of  combuii- 

parts  of  farious  specimens  of  basaltcs  wese,  tion  as  on  the  nature  of  the  constituent. 
sit  a  medinm,  52  parts  stlex,  15  alununa,  8         B  ASSORINE.      Tin's  substance  is  ex- 

caxhonate  of  lime,  and  25  iron.     The  diiSe-  tracted  from  the  gum  resins  which  contain 

leness  seem,  howerer,  to  be  considerable ;  it,  by  treating  them  successively  with  water^ 

for  Esojas  de  St  Fond  gives  these  propoiv  alcohol,  and  ether.     Bassorine  being  insolu- 


tioBs:  %6alejL,  dO  alumina,  10  lime,  6  mag-  ble  in  these  liquids,  remains  mixed  mendy 

nesia,  and  8  iron.     The  amori^ous  basaltes,  with  the  woody  particles,  from  which  it  h 

known  by  the  naooe  of  rowley  rag^  the  ierri-  easy  to  separate  it  by  repeated  washings  and 

lite  of  Kirwan,  of  the  specific  gravity  of  decantations ;  because  one  of  its  characteris- 

fLliS,  afforded  Dr  Withering  47.5  of  siles,  tic  properties  is  to  swell  extremely  in  the 

32.5  of  alumina,  and  20  of  iron,  at  a  very  water,  and  to  become  very  buoyant     This 

low  degree  of  oxidation  probably.    Dr  Ken-  substance  swells  up  in  ctAd  as  well  as  boiling 

nedy,  in  his  analysis  of  the  basakes  of  Stafia,  water,  vdthout  any  of  its  parts  dissolving.    It 

gives  the  following  as  its  component  parts :  is  soluble  however  almost  completely  by  the 

silex  48,  alumina  16,  oxide  of  iron  16»  lime  aid  of  heat,  in  water  sharpened  with  nitric  or 

9;  soda  4,  muriatic  acid  1,  water  and  volatile  muriatic  acid.     If  after  concentrating  with  a 

parts  5b     Klaprotfa  gives  for  the  analysis  of  gentle  heat  the  nitric  solution,  we  add  highly 

the  prismatic  basaltes  of  Hasenberg,-i^ilex  rectified  alcohol,  there  results  a  white  preci- 

44.5^  alumina  16^75,  oxide  of  iron  20,  lime  pitate,  flocculent  and  bulky,  which,  washed 

9.5^  magneoa  2.25,  oxide  of  manganese  0. 12,  with  much  alcohol  and  dried,  does  not  form, 

soda  2100,  water  2.     On  a  subsequent  an»-  at  the  utmost,  die  tenth  of  the  quantity  of 

lysis,  with  a  view  to  detect  the  existence  of  mu-  bassorine  employed,  and  which  presents  all 

liadcadd,  he  found  slight  indications  of  it,  but  the  properties  of  gum-arabic— -Tati^MS&l, 

it  was  in  an  extremely  minute  proportion.  BuUetin  de  Pharmacies  iii  56. 

Sir  James  Hall  and  Mr  Gregory  Watt  have  BATH.     The  heat  communicated  from 

both  proved,  by  well  conducted  experiments,  bodies  in  combusticm,  must  necessarily  vary 

that  basalt,  when  fused  into  a  perfect  glass,  according  to  drcumstances;  and  this  variation 

vrill  resume  the  stony  structure  by  slow  cooU  not  only  influences  tlie  results  of  operationi^ 

ing ;  and  hence  have  endeavoured  to  show,  but  in  many  instances  endangers  the  vessels, 

that  the  earthy  structure  affords  no  argument  especially  if  they  be  made  of  glass.    Amoi^ 

against  the  igneous  formation  of  basalt  in  the  the  several  methods  of  obviating  this  incon- 

tenrestrial  globe.  venience^  one  o(  the  most  usual  oonsista  in 

Basaltes,  when  calcined  and  pulverised,  is  interposing  a  quantity  of  sand,  or  other  mal- 

eaid  to  be  a  good  substitute  for  puzAdana  in  ter,  between  the  fire  and  the  vessel  intended 

die  composition  of  mortar,  giving  it  the  pro-  to  be  heated.     The  sand  bath  and  the  vrattr 

perty  of  hardening  under  water.  Wine  bottles  bath  are  most  commonly  used ;  the  latter  of 

have  likewise  been  m.anufactured  with  it ;  but  which  was  called  Balneum  Marise  by  the 

there  appears  to  be  some  nicety  requisite  in  elder  chemists.     A  bath  of  steam  may,  in 

the  management  to  ensure  success.  some  instances,  be  found  preferable  to  the 

BASALTIC    HORNBLENDE.       It  water  bath.     Some  diemists  have  proposed 

usually  occurs  in  opaque  six^ded  single  baths  of  melted  lead,  of  tin,  and  of  oth^ 

crystab,  which  sometimes  act  on  the  magna-  fusible  substances.     These  may  periups  be 

tic  needle.      It  is  imbedded  in  basalt  or  found  advantageous  in  a  few  peculiar  oper^ 

wacke.     Colour  velvet-black.     Lustre  vitre-  tions,  in  which  the  intelligent  operator  must 

ous.     Scratches  glass.    %k  gr.  3.25.    Fuses  indeed  be  lefi  to  his  own  sagacil^. 

with  difficulty  into  a  black  glass.    It  consists  A  considerably  greater  heat  may  be  given 

of  47  silica,  26  alumina,  8  lime,  2  magnesia,  to  the  water  bath  by  dissolving  various  salts 

15  iron,  and  0.5  water.     It  is  found  in  the  in  it     Hius  a  saturated  solution  of  common 

bwalt  of  Arthur's  Seat,  in  that  of  Flfieshire,  salt  boils  at  225.3^,  or  ia3°  Fahr.  above 

and  in  the  Isles  of  Mull,  Canna,  Eigg,  and  the  boiling  point  of  water.     By  using  solu- 

8ky.     It  is  found  also  in  the  basaltic  and  tion  of  muriate  of  lime,  a  bath  of  any  tempe- 

floetz  trap  rocks  of  England,  Ireland,  Saxo-  rature  from  212<>  to  252<'  may  be  conveniently 

ny,   Bohemia^   Silesia,    Bavaria,   Hungary,  obtained. 

Spun,  Italy,  and  France.  BDELLIUM.     A  gum  resin,  supposed 

BASANITE.     See  Flinty  Slate.  to  be  of  African  origin.     The  best  bdellium 

BASE  or  BASIS.  A  chemical  term  usu-  is  of  a  yellowish-brown,  or  dark-brown  co- 
aOy  applied  to  alkalis,  earths,  and  metaUic  lour,  according  to  its  age ;  unctuous  to  the 
oxides,  in  their  relations  to  the  acids  and  salts,  touch ;  brittle,  but  soon  softening,  and  grow- 
It  is  sometimes  also  applied  to  the  particular  ing  tough  betwixt  the  fingers ;  in  some  de- 
constituents  of  an  acid  or  oxide,  on  the  sup-  gree  transparent,  not  unlike  myrrh ;  of  a  bit- 
.pesition  that  the  substance  combined  with  terish  taste^  and  a  moderately  strong  smelL 
the  oxygen,  &c  is  the  basis  of  the  compound  It  does  not  easily  take  flame,  and,  when  set 
to  which  it  owes  its  particular  qualities,  litis  on  fire,  soon  goes  out.  In  burning  it  sput- 
notion  seems  unphUosophical,  as  these  quali-  ters  a  little,  owing  to  its  aqueous  humidity. 
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Its  tp.  gr.  ia  1.871.    Alcohol  diaaohes  about  of  which  are  owing  to  kiln  drying,  1^5  arc 
thre&>fiftha  of  bdelh'um,  leaying  a  mixture  of    carried  off  by  the  steep-water,  3  diaaipated  on 

gum  and  cerasin.     Ita  constituenta,  accord-  the  floor,  3  lost  in  cleaning  the  roota,  and  0.5 

ing  to  Pelletier,  are  59  reain,  9.2  gum,  30.6  waate  or  loaa. 

ceraain,  1.2  volatile  oil  and  loaa.  Hie  degree  of  heat  to  which  the  malt  is 

BEAN.     The  aeed  of  the  vicui  faba^  a  expoaed  in  this  proceaa  gradually  changes  ita 

small  eaculent  bean,  which  becomes  black  aa  colour  from  very  pale  to  actual  blackneaa,  as 

it  ripena,  has  been  analyzed  by  EinhoffI    He  it  aimply  dries  it,  or  converta  it  to  charooaL 

found  3840  parta  to  cousiat  of  600  volatile  The  colour  of  the  malt  not  only  affects  the 

matter,  386  skins,  610  fibrous  starchy  mat-  colour  of  the  liquor  brewed  from  it,  but,  in 

ter,  1312  starch,  417  v^geto-animal  matter,  consequence  of  the  chemical  operation  of  the 

31  albumen,  136  extractive^  soluble  in  alco-  heat  applied  on  the  principles  that  are  de- 

bol,  177  gummy  matter,  37^  earthy  phos-  veloped  in  the  grain  during  the  process  of 

phate,  133(  loss.     Fourcroy  and  Vauquelin  malting,  materially  alters  the  quality  of  the 

found  its  incinerated  ashes  to  contain  the  phos-  beer,  especially  witli  regard  to  the  properties 

phates  of  .lime,  magnesia,  potash,  andiron,  ofbecomingfitfordrinking,  and  growing  fine, 

with  uncombined  potash.     They  found  no  Beer  is  made  from  malt  previously  ground 

sugar  in  this  bean.    Kidney  beans,  the  seeds  or  cut  to  pieces  by  a  milL     Hiis  is  placed  in 

of  the  phaseolus  vuigaris,  yielded  to  Einhoff  a  tun  or  tub,  with  a  false  bottom ;  hot  water 

288  duns,  425  fibrous  starchy  matter,  1.380  is  poured  upon  it,  and  the  whole  stirred  about 

starch,  799  vegeto-animal  matter,  not  quite  with  a  proper  instrument.     The  temperature 

free  from  starch,  131  extractive,  52  albumra,  of  the  water  in  this  operation,  called  Mash- 

with  some  vegeto-animal  matter,  744  mud-  ing,  must  not  be  equal  to  boiling ;  for,  in 

lage^  and  21  loss,  in  3840.  that  casci  the  malt  would  be  converted  into 

BEE.     The  venom  of  the  bee^  according  a  paste,  from  which  the  impregnated  water 

to  Fontana,  bears  a  dose  resemblance  to  that  could  not  be  separated.     Tliis  is  called  Set* 

of  the  viper.   It  is  contained  in  a  small  vesicle,  ting.     AAer  the  infusion  has  remained  for 

and  has  a  hot  and  acrid  taste^  like  that  of  the  iome  time  upon  the  malt,  it  is  drawn  off,  and 

scorpion.  is  then  distinguished  by  the  name  of  Sweet 

BEER  is  the  wine  of  grain.     Malt  is  Wort    By  one  or  more  subsequent  infusions 

usually  made  of  barley.     The  grain  is  steep-  of  water,  a  quantity  of  weaker  wort  is  made, 

ed  for  two  or  three  days  in  water,  until  it  which  is  eitiier  added  to  the  foregoing,  or 

swells,  becomes  somewhat  tender,  and  tinges  kept  apart,  according  to  the  intention  of  the 

the  water  of  a  bright  reddish-brown  colour,  operator.    The  wort  is  then  boiled  with  hops, 

The  water  being  then  drained  away,  the  bar-  which  give  it  an  aromatic  bitter  taste,  and 

ley  is  spread  about  two  feet  thick  upon  a  floor,  are  supposed  to  render  it  less  lialile  to  be 

where  it  heats  spontaneously,  and  begins  to  spoiled  in  keeping ;  after  which  it  is  cooled 

grow  by  first  shooting  out  tiie  radicle.     In  in  shallow  vessels,  and  suffered  to  ferment, 

this  state  the  germination   is   stopped  by  with  the  addition  of  a  proper  quantity  of 

spreading  it  thinner,  and  turning  it  over  for  yeast,     llie  fermented  liquor  is  beer ;  and 

two  days ;  after  which  it  is  again  made  into  differs  greatly  in  its  quahty,  according  to  the 

a  heap,  and  sufiered  to  become  sensibly  hot,  nature  of  the  grain,  the  malting,  the  mashing, 

which  usually  happens  in  little  more  than  a  the  quantity  and  kind  of  the  hops  and  the 

day.      Lastly,   it  is  conveyed  to  the  kiln,  yeast,  tlie  purity  or  admixtures  of  the  water 

where,  by  a  gradual  and  low  heat,  it  is  ren-  made  use  off  the  temperature  and  vidssitudes 

dered  dry  and  crisp.     Hiis  is  malt ;  and  its  of  the  weather,  &c 

qualities  differ  according  as  it  is  more  or  Beside  the  various  qualities  of  malt  liquors 
less  soaked,  drained,  germinated,  dried,  and  of  a  similar  kind,  there  are  certain  leading 
baked.  In  this,  as  in  other  manufactories,  features  by  which  they  are  distinguished,  and 
the  intelligent  operators  often  make  a  mys-  classed  under  different  names,  and  to  prodqce 
tery  of  their  processes  from  views  of  profit ;  whidi  different  modes  of  management  must 
and  others  pretend  to  peculiar  secrets  who  be  pursued.  Tlie  principal  distinctions  arc 
really  possess  none.  into  beer,  properly  so  called ;  ale ;  table  or 
Indian  corn,  and  probably  all  large  grain,  amall  beer ;  and  porter,  which  is  commonly 
'requires  to  be  suffered  to  grow  into  the  blade,  termed  beer  in  London.  Beer  is  a  strong, 
as  well  as  root,  before  it  is  fit  to  be  made  into  fine,  and  thin  liquor ;  the  greater  part  of  the 
malt  For  this  purpose  it  is  buried  about  mucilage  having  been  separated  by  boiling 
two  or  three  inches  deep  in  the  ground,  and  the  wort  longer  than  for  ale,  and  carrying  the 
covered  with  loose  eajrth ;  and  in  ten  or  fermentation  farther;  so  as  to  convert  the  sac- 
twelve  days  it  springs  up.  In  this  state  it  is  charine  matter  into  alcohol.  Ale  is  of  a  more 
taken  up  and  washed,  or  fanned,  to  clear  it  syrupy  consistence,  and  sweeter  taste ;  more 
from  its  dirt ;  and  then  dried  in  tlie  kiln  for  of  the  mucilage  being  retained  in  it,  and  tlie 
use.  fermentation  not  having  been  carried  so  far 
Barley,  by  bdng  converted  into  malt,  be-  as  to  decompose  all  the  sugar.  Small  beer, 
comes  one-fifth  b'ghter,  or  20  per  cent j  12  as  ita  name  implies,  ia  a  weaker  liquor;  and 
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is  made  ddier  bf  addiag  a  laige  portioii  of 
water  to  the  malt,  or  by  maahing  with  a  fresh 
quantity  of  water  what  is  left  alter  the  beer  or 
«de  wort  is  drawn  off.  Porter  was  probably 
made  originally  from  Tery  high  dried  malt ; 
but  it  is  said,  that  its  peculiar  flavour  cannot 
be  imparted  by  malt  and  hops  alone. 

Mr  Brande  curtained  the  following  quan^ 
tities  of  alcohol  irom  100  parts  of  different 
apedes  of  beers.  Burton  ale  8. 88^  Edinburgh 
ale  6.2,  Dorchester  ale  5.56;  the  average 
being  =r  6.87.  Brown  stout  6.8,  London 
porter  (average)  4.2,  London  small  beer  (ave- 
rage) L2a 

As  long  ago  as  the  reign  of  Queen  Anne, 
brewers  were  forbid  to  mix  sugar,  honey, 
Guinea  pepper,  essentia  bina,  cocculus  indi- 
cos,  or  any  other  unwholesome  ingredient,  in 
beer,  under  a  certain  penalty ;  from  which  we 
may  infer,  that  such  at  least  was  the  practice 
«f  some ;  and  writers,  who  profess  to  discuss 
the  secrets  of  the  trade,  mention  most  of  these, 
and  some  other  articles,  as  essentially  neces- 
sary. The  essentia  bina  is  sugar  boiled  down 
to  a  dark  colour,  and  empyreumatic  flavour. 
Broom  tops,  wormwood,  and  other  bitter 
plants,  were  formerly  used  to  render  beer  fit 
for  keeping,  before  bops  were  introduced  in- 
to this  country ;  but  are  now  prohibited  to 
be  used  in  beer  made  for  sale. 

By  the  present  law  of  this  country,  nothing 
is  allowed  to  enter  into  the  composition  of 
beer,  except  malt  and  hops.  Quassia  and 
wormwood  are  oflen  fraudulently  introduced ; 
both  of  which  are  easily  discoverable  by  their 
Qauseous  bitter  taste.  Ihey  form  a  beer 
which  does  not  preserve  so  well  as  hop  beer. 
Sulphate  of  iron,  alum,  and  salt,  are  often 
added  by  the  publicans,  under  the  name  of 
beer-headiyig,  to  impart  a  fVothing  property  to 
beer,  when  it  is  poured  out  of  one  vessel  in- 
to another.  Melasses  and  extract  of  gentian 
root  are  added  with  the  same  view.  Capsi- 
cum, grains  of  paradise,  ginger  root,  corian- 
der seed,  and  orange  peel,  are  also  employed 
to  give  pungency  and  flavour  to  weak  or  bad 
beer.  The  following  is  a  list  of  some  of  the 
unlawful  substances  seized  at  different  brew- 
eries, and  brewers*  druggists*  laboratories,  in 
London,  as  copied  from  the  minutes  of  the 
committee  of  the  House  of  Conunons.  Coc- 
culus indicus  multum  (an  extract  of  the  coc- 
culus), colouring,  honey,  hartshorn  shavings, 
Spanish  juice,  orange  powder,  ginger,  grains 
of  paradise,  quassia,  liquorice,  caraway  seeds, 
copperas,  capsicum,  mixed  drugs.  Sulphuric 
add  is  very  frequently  added  to  bring  beer 
forwnrdj  or  make  it  hard,  giving  new  beer  in- 
stantly the  taste  of  what  is  18  months  old. 
According  to  Mr  Accum,  the  present  entire 
beer  of  the  London  brewer  is  composed  of  all 
the  waste  and  spoiled  beer  of  the  publicans, 
the  bottoms  of  butts,  the  leavings  dT  the  pots, 
the  drippings  of  the  machines  for  drawing  the 
r,  the  remnants  of  beer  that  lay  in  the 


leaden  pipes  of  the  brewery,  with  a  portioii 
of  brown  stout,  bottling  beer,  and  mild  beer. 
He  says  that  opium,  tobacco,  nux  vomica, 
and  extract  of  poppies,  have  been  likewise 
used  to  adulterate  beer.  For  an  account  of 
the  poisonous  qualities  of  the  cocculus  indi-' 
cutf  see  PiCROiOXiA  ;  and  for  those  of  nux 
vomica,  see  Strychnia.  By  evaporating  a 
portion  of  beer  to  dryness,  and  igniting  the 
residuum  with  chlorate  of  potash,  the  iron 
of  the  copperas  will  be  procured  in  an  in- 
soluble oxide.  Muriate  of  baryta  will  throw 
down  an  abundant  precipitate  from  beer  con- 
taminated with  sulphuric  add  or  copperas ; 
which  precipitate  may  be  collected,  dried,  and 
ignited.     It  will  be  insoluble  in  nitric  add. 

Beer  appears  to  have  been  of  ancient  use, 
as  Tacitus  mentions  it  among  the  Germans, 
and  has  been  usually  supposed  to  have  been 
peculiar  to  the  northern  nations;  but  the 
andent  Egyptians,  whose  country  was  not 
adapted  to  die  culture  of  the  grape,  had  also 
contrived  this  substitute  for  wine;  and  Mr 
Park  has  found  the  art  of  making  malt,  and 
brewing  from  it  very  good  beer,  among  the 
negroes  in  the  interior  parts  of  Africa. 

BEET.  The  root  of  the  beet  affords  a 
considerable  quantity  of  sugar,  and  has  latdy 
been  cultivated  for  the  purpose  of  extnctios: 
it  to  some  extent  in  Germany.  (See  Sugar.) 
It  is  likewise  said,  that  if  beet  roots  be  dried 
in  the  same  manner  as  malt,  after  the  greater 
part  of  their  juice  is  pressed  out,  very  good 
beer  may  be  made  from  them. 

BELLADONNA,  the  plant  called  in 
English  Deadly  Nightshade,  from  which  the 
alkaline  matter  Atrofia  is  extracted.  M. 
Runge  says,  that  the  narcotic  principle  of 
belladonna  is  destroyed,  or  so  changed,  by 
alkaline  solutions,  as  to  lose  its  distinguishing 
property  of  causing  dilatation  of  the  pupil. 
Ibis  takes  place  when  the  solutions  are  weak, 
or  even  wiUi  lime  water ;  so  that  this  prind- 
pie  cannot  be  obtained  by  the  usual  process 
through  the  intervention  of  alkalis.  Mag- 
nesia exerts  no  action  of  this  kind ;  and  it 
should  be  used  as  a  hydrate  uncaldned.  It 
should  be  thrown  down  from  sulphate  of 
magnesia  by  potash  not  in  suffident  quantity 
to  decompose  the  whole  salt,  the  mixture  add- 
ed to  the  aqueous  infusion  of  belladonna,  and 
the  whole  evaporated  by  a  brisk  fire  to  dry- 
ness ;  the  residuum,  when  dried  and  pulver- 
ized, is  to  be  treated  with  highly  rectified  al- 
cohol. The  clear  yellow  solution  being  eva- 
porated spontaneously,  yields  a  crystalline 
mass,  which  slightly  blues  reddened  litmus 
paper,  dissolves  in  water,  and  produces  ex- 
treme dilatation  of  the  pupiL  Its  salts  have 
also  the  same  effect.— ^an.  de  Chimie,  xxviL 
32. 

BELLMETAL.     See  Coffer. 

BELLMETAL  ORE.  SeeORESOtTiN; 

BEN  (OIL  OF).  This  is  obtained  from 
the  ben  nut  by  simple  pressure.     It  is.  re- 
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utrkablc  for  ite  not  growing  nuadd  in  keep-  mony,  and  three  atoms  protoealphitKi  of 

ing»  or  at  least  not  until  it  lias  stood  for  a  iron.     It  occurs  at  ChaseUcs  in  Aurei^e^ 

number  of  years ;  and  on  this  account  it  is  M.  Berthier  has  proved  that  when  the  mine* 

used  in  eitracting  the  aromatic  principle  of  ral,  without  roasting,  is  melted  with  about 

such  odoriferous  flowers  as  yield  little  or  no  one-third,  or  a  little  less,  of  its  weight  of  me» 

essential  oil  in  distillation.  tallic  iron,  to  which  a  small  quantity  of  miU 

BENZOIC   ACID.     See   Acm  (Ben.  phate  of  soda  mixed  with  charcoal  is  added» 

zoic).  ,  that  pure  antimony  is  obtained. 

BENZOIN,  or  BENJAMIN.    Hie  tree  The  mineral  oocun  in  don^rted  imbedded 

which  produces  benzoin  is  a  natiTe  of  the  prisms,  with  a  single  pretty  distinct  kmgitu* 

East  Indies,  particularly  of  the  island  Siam  dinal  deaTsge.     Its  colour  is  a  dark  steel* 

and  Sumatra.*     The  juice  exudes  from  inci-  grey,  inclining  to  pinchbeck,  with  a  metallic 

sions,  in  the  form  of  a  thick  white  balsam.  If  lustre. 

collected  as  soon  as  it  has  grown  somewhat  BERYL.     This  precious  mineral  is  most 

solid,  it  proves  internally  white  like  almond,  commonly  green,  of  various  shades,  passing 

and  hence  it  is  called  Benaoe  Amygdaloides.  into  honey-yellow,  and  sky-blue.     It  is  crys* 

If  suffered  to  lie  long  exposed  to  the  sun  and  tallized  in  hexahedral  prisms  deeply  striated 

air,  it  changes  more  and  more  to  a  brownish,  longitudinally,  or  in  6  or  12  sided  prisms^ 

and  at  last  to  a  quite  reddish-brown  colour.  terminated  by  a  6  sided  pyramid,  whose  sum- 

This  resin  is  moderately  hard  and  brittle,  mit  is  replaced.     It  is  harder  than  the  eme« 

and  yields  an  agreeable  smell  when  rubbed  or  raid,  but  more  readily  yields  to  cleavage.  Its 

warmed.    When  chewed,  it  impresses  a  slight  sp.  grav.  u  8.7.    Its  lustre  is  vitreous.    It  is 

sweetness  on  the  palate.     It  is  totally  soluble  transparent,  and  sometimes  only  translucent, 

in  alcohol ;  from  which,  like  other  resins,  it  It  consists  by  Vauquelin  of  68  silica,  15alu- 

may  be  precipitated  by  tiie  addition  of  water,  mine,  14  gludna,  1  oxide  of  iron,  2  lime. 

Its  specific  gravity  is  1.092L  Berzelius  found  in  it  a  trace  of  oxide  of  tan* 

Tbe  white  opaque  fluid  thus  obtsined  has  talum.     It  occurs  in  veins  traversing  granite 

been  called  Lac  Vbginale ;  and  is  still  sold,  in  Daouria;  in  the  Altaic  chain  in  Siberia ; 

with  odier  fragrant  aidditions,  by  perfumeri,  near  Limoges  in  France ;  in  Saxony ;  Brszil ; 

as  a  cosmetic.     Boiling  water  separates  the  at  Kinloch.Rannoch  and  Caimgorum,  Aber* 

peculiar  add  of  benzoin.  deenshire,  Scotland ;  above  Dundrum,  in  the 

The  products  Mr  Brsnde  obtained  by  dia-  county  of  Dublin,  and  near  Cronebane^  ooun- 

tillation  were,  from  100  grains,  benzoic  add  ty  of  Wicklow,  in  Ireland.     It  differs  from 

9  grsins,  acidulated  water  5.5,  butyrsceous  emerald  in  hardness  and  colour.    It  has  been 

and  empyreumatic  oil  60,  brittle  coal  22,  and  called  aqua  marine,  and  greenisb-yellow  eme- 

a  mixture  of  caiburettedhydit^genandcarbo-  raid.     It  is  electric  by  fiiction,  and  not  by 

nic  add  gas,  computed  at  3.5.     On  treating  heat 

the  empyreumatic  oil  with  water,  however,  5  BEUD  ANTITE.    A  new  mineral  occur* 

mins  more  of  add  were  extracted,  making  ring  io  small  crystals  dosely  aggregated,  being 

J  4  in  the  whole.  slightly  obtuse  ihombohedrons  with  the  sum* 

From  1500  grsins  of  benzoin,  Buchols  ob-  mits  truncated.     Colour  black ;  lustre  resin* 

tained  1250  o£  resin,  187  benzoic  add,  25  o£  ous ;  in  thin  fragments,  translucent,  and  of  a 

a  substance  similar  to  balsam  of  Peru,  8  of  deep  brown  colour.     Fk'lmitive  form,  an  ob* 

an  aromatic  substance  soluble  in  water  and  tuse  rhomboid  of  92^  30^   Hardness  greater 

alcohol,  and  30  of  woody  fibres  and  impuri.  than  that  of  fluate  of  lim&     Powder  green* 

ish-grey.     It  comes  from  Hobrhausen  on  the 


Ether,  sulphuric  and  acetic  adds,  dissolve  Rhine.     Hie  only  sub6tances|that  Dr  Wol- 

benzoin ;  so  do  solutions  of  potash  and  soda,  laston  could  detect  in  it  were  oxide  of  lead 

Nitric  add  acts  violently  on  it,  and  a  portion  and  oxide  of  iron.— ^nn.  of  Phil.  xi.  196. 
of  artificial  tannin  is  formed.    Ammonia  dis-         BEZO  AR.     Hiis  name,  which  is  derived 

solves  it  sparingly.  from  a  Persian  word  implying  an  antidote  to 

BERGM  ANNITE.  A  massive  minersl  poison,  was  given  to  a  concretion  found  in  the 
of  a  greenish,  greyish-white^  or  reddish  co-  stomadi  of  an  animal  of  the  goat  kind,  which 
lour.  Lustre  intermediate  between  pearly  was  once  very  highly  valued  for  this  imaginary 
and  resinous.  Fracture  fibrous,  passing  into  quality,  and  has  thence  been  extended  to  aU 
fine  grained,  uneven.  Slightly  tranduoent  concretions  found  in  animals, 
on  the  edges.  Scratches  fdspar.  Fuses  in-  These  are  of  dght  kinds,  according  to  Four* 
to  a  trsnsparent  glass,  or  asemitransparent  croy,  Vauqudin,  and  Berthollet.  1.  Super- 
enamel.  It  is  found  at  Frederickswam  in  phosphate  oflime,  which  forms  concretions  in 
Norway,  in  quartz  and  in  felspar.  the  intestines  of  many  mammaUa.     2.  Pbo^ 

BBRTHIERITE.    An  ore  of  antimony,  phate  of  magnesia,  semitransparent  and  yd* 

consisting  of  four  atoms  of  sulphuret  of  anti-  lowish,  and  of  sp.  grav.  2. 160.    3.  Phosphate 

— — —  of  ammonia  and  magnesia ;  a  concretion  of 

or  the  tree,  by  Dfyaader.  tions  from  a  .centre.     It  is  found  in  the  iHi 
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offabiTgrous  aiilinab,  the  dcpbairt,  tioiM.  Ite  ptuMapal  uie  teeDM  to  be^  tepio- 
hone^  Ac.  4.  Biliary;  colour  reddub-brown,  mote  the  duodenal  digestaon,  in  concert  with 
found  frequently  in  the  intestina  and  gall     the  pancreatic  juice. 

Uadder  of  oxen,  and  used  by  painters  for  an         Boerliaave,  by  an  extmTagant  enor,  ro- 
oraage-ydlow  pigment.      It  is  inspissated     gardcd  the  bile  as  one  of  the  most  putiesciUe 
failew     5w   Resinous.     The  oriental  beioars,     fluids ;  and  hence  originated  many  hypothe- 
pracured  from  unknown  animals,  bdong  to     tical  and  absurd  theories  on  diseases  and  thdr 
this  class  of  concretions.    Tliey  consist  of  eon-     treatment.     We  shall  foUow  the  anangement 
centric  layers,  are  fusible,  combustible,  smooth,  of  M.  Tbeoard,  in  a  subject  which  owes  to 
soft,  and  finely  polished.    They  are  compofr>  him  its  chief  illustration, 
cd  of  bile  and  resin.     6,  Fungous,  consisting         Ox  bile  is  usually  of  a  gieenisb-ydlov 
of  pieces  of  the  boletus  igniarius,  swallowed  colour,  rarely  a  deep  green.     By  Its  colour 
by  the  animaL     7.  Hairy.     8.  Ligniform.  it  changes  the  blue  of  turnsole  and  riolet  to 
llvce  beioers  sent  to  Bonaparte  by  the  King  »  reddlsb-ydlow.     At  once  Tery  bitter  and 
of  Penia,  were  found  by  BertfaoUet  to  be  slightly  sweet,  its  taste  u  scarcely  supportable, 
ootliing  but  woody  fibre  agglomerated.  Its  smell,  though  feeble,  is  etmy  to  recognise, 
BIARSENIATE,   BICARBONATE,  and  approaches  somewhat  to  the  nauseous 
BICHROMATE,  &c.  saline  compounds  of  odour  of  certain  fatty  matters  when  they  are 
arsenic,  carbonic,  or  chromic  acid,  into  which  heated.     Its  specific  grsTity  varies  very  little, 
two  proportions  of  add  enter  for  one  of  base.  It  is  about  1.026  at  43?  F.     It  is  sometimes 
BIHTDROGURET    OF  CARBON,  limpid,  and  st  others  disturbed  with  a  yeUow 
See  Caabitretted  Hydrogen.  matter,  from  which  it  may  be  easily  sepamted 
BIHYDROGURET  OF  PHOSPHO-  by  water:  its  consistence  varies  from  that  of 
RU&     See  PHOsrauRBTTED  Hydrogen.  a  thin  mucilage  to  viscidity.    Cadet  regarded 
BILDSTEIN,  AG  ALM  ATOLITE,  or  it  as  a  kind  of  soap.     TUs  opinion  was  first 
FIGURESTONE.      A  massive  mineral,  refuted  by  M.  ThenanL     According  to  this 
with  sometimes  an  imperfectly  slaty  structure.  aUe  chemist,  800  parts  of  ox  bile  are  com* 
Colour  grey,  brown,  fieah-red,  and  sometimes  posed  of  700  water,  15  resinous  matter,  69 
spotted,  or  with  blue  veins.     It  is  translucent  picromel,  about  4  of  a  yellow  matter,  4  of 
on  the  edges,  unctuous  to  the  touch,  and  yields  soda,  2  phaq>hate  of  soda,  3,5  muriates  of  sod« 
to  the  nail.     Sp.  grav.  2.S.     It  is  composed  and  potash,  0.8  sulphate  of  soda,  1.2  phos- 
of  66  silica,  29  alumina,  7  potash,  2  lime,  1  phate  of  lime^  and  a  trace  of  oxide  of  iron, 
oxide  of  iron,  and  5  water,  by  Vauquelin.  When  distilled  to  dryness,  it  leaves  from  l-8th 
Klaproth  found  in  a  specimen  from  China,  to  l-9th  of  solid  matter,  which,  urged  with  a 
54.5  silica,  34  alumina,  6.25  potash,  0.75  higher  hea^  is  resolved  into  the  usual  igneous 
oxide  of  iron,  and  4  water.     It  fuses  into  a  products  of  animal  analysis ;  only  with  more 
transparent  glass.    M.  Brogniart  calls  it  ttea^  oil  and  less  carbonate  of  ammonia. 
Hie  pagodite,  from  its  coming  from  China  cut         Exposed  for  some  tune  in  an  open  vessel, 
into  grotesque  figures.     It  wants  the  mag-  the  bile  gradually  corrupts,  and  lets  foil  a 
neaia,  which  is  a  constant  ingredient  of  stea-  small  quantity  of  a  yellowish  matter ;  then  its 
tites.    It  is  found  St  Naygag  in  IVansylvania,  mucilage  decomposes.    Thus  the  putrefactive 
and  Glyderbach  in  Wales.  process  is  very  inactive,  and  the  odour  it  ex- 
BILE.     A  bitter  liquid,  of  a  yellowish  or  hales  is  not  insupportable^  but  in  some  cases 
greenish-yellow  colour,  more  or  less  viscid,  has  been  thought  to  resemble  that  of  musk. 
of  a  sp.  gnvity  greater  than  that  of  water.  Water  and  alcohol  combine  in  all  proportions 
common  to  a  greet  number  of  animals,,  the  with  bile.     When  a  very  little  add  is  poured 
peculiar  secretion  of  their  liver.     It  is  the  pre-  into  bile^  it  becomes  slightly  turbid,  and  red- 
vailing  opinion  of  physiologists  that  the  b3e  dens  litnras ;  when  mora  is  added,  the  predpi- 
is  separated  from  the  venous,  and  not,  like  tate  augments,  particularly  if  sulphuric  add 
the  other  secretions,  from  the  arterial  blood,  be  employed.     It  is  formed  of  a  yellow  ani- 
Hie  vans  which  receive  the  blood  distributed  mal  matter,  with  very  little  resin.     Potash 
to  the  sbdominal  viscera,  unite  into  a  large  and  soda  increase  the  thinness  and  transpar- 
trunk  called  the  vena  port€gf  which  divides  ency  of  bile.     Acetate  of  lead  predpitates  the 
into  two  branches,  that  penetrate  into  the  liver,  yellow  matter,  and  the  sulphuric  and  phos- 
and  divide  into  innumerable  ramifications,  phoric  adds  of  the  bile.     The  solution  of  the 
The  last  of  these  terminate  partly  in  the  biliary  subaoetate  predpitates  not  only  these  bodies, 
ducts,  and  partly  in  the  hepatic  vdns,  which  but  also  the  picromd  and  the  muriatic  add, 
restore  to  the  drculation  the  blood  not  needed  all  combined  with  the  oxide  of  lead.     The 
far  the  formation  of  bile.     This  liquid  passes  acetic  add  remains  in  the  liquid  united  to  the 
directly  into  the  duodenum  by  the  ductut  cko-  soda.   The  greater  number  of  fatty  substances 
iedoeusf  when  the  animal  has  no  gall  bhulder ;  are  capable  of  being  dissolved  by  bile.     This 
but  when  it  has  one,  as  more  frequently  hap-  property,  which  made  it  be  considered  a  soap» 
pens,  the  bile  flows  back  into  it  by  the  cystic  is  owing  to  the  soda,  and  to  the  triple  com- 
duct,  and,  remaining  there  for  a  longer  or  pound  of  soda,  resin,  and  picromel.     Scour- 
shorler  time,  experiences  remarluible  altenw  cfs  aomttimes  prefor  it  to  soap,  or  cleansing 
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woollen.  Ttio  bile  of  tbe  calf,  die  dog,  and 
the  flbeep,  are  similar  to  that  oif  the  ox.  The 
bile  of  the  sow  contains  no  picromel.  It  is 
merely  a  soda-resinous  soap.  Human  bile  is 
peculiar.  It  varies  in  colour,  sometimai  being 
green,  generally  yellowish-brown,  occasionally 
almost  colourless.  Its  taste  is  not  very  bitter. 
In  the  gall  bladder  it  is  seldom  limpid,  con- 
taining often,  like  that  of  the  ok,  a  certain 
quantity  of  yellow  matter  in  suspension.  At 
times  this  is  in  such  quantity,  as  to  render  the 
bile  somewhat  grumous.  Filtered  and  boiled 
it  becomes  very  turbid,  and  diffUses  the  odour 
of  white  of  egg.  When  evaporated  to  dry- 
ness there  results  a  brown  extract,  equal  in 
weight  to  1-11  th  of  the  bile.  By  calcination 
we  obtain  the  same  salts  as  from  ox  bUe. 

All  the  acids  decompose  human  bile,  and 
occasion  an  abundant  precipitate  of  albumen 
and  resin,  which  are  easily  separable  by  alco- 
hol. One  part  of  nitric  acid,  sp.  grav.  1.210, 
saturates  100  of  bile.  On  pouring  into  it  a 
solution  of  sugar  of  lead,  it  is  changed  into  a 
liquid  of  a  light-yellow  colour,  in  which  no 
picromel  can  be  found,  and  which  contains 
only  acetate  of  soda  and  some  traces  of  ani- 
mal matter.  Human  bile  appears  hence  to  be 
formed,  by  Hienard,  in  1100  parts,  of  1000 
water,  from  2  to  10  yellow  insoluble  matter, 
42  albumen,  41  resin,  5.6  soda,  and  45  phos- 
phates of  soda  and  lime,  sulphate  of  soda, 
muriate  of  soda,  and  oxide  of  iron.  But  by 
Berzelius  its  constituents  are,  in  1000  parts, 
908.4  water,  80  picromel,  3  albumen,  4.1 
soda,  0.1  phosphate  of  lime,  3.4  common 
salt,  and  1  phosphate  of  soda,  with  some  phos- 
phate of  lime. 

BIMSTEIN.     Pitchstone  or  Pearlstone. 

BIRDLIME.  The  best  birdlime  is  made 
of  the  middle  bark  of  the  holly,  boiled  seven 
or  eight  hours  in  water,  till  it  is  soft  and  ten- 
der ;  then  laid  in  heaps  in  pits  in  the  ground 
and  covered  with  stones,  the  water  being  pre- 
viously drained  from  it ;  and  in  this  state  left 
for  two  or  three  weeks  to  ferment,  till  it  is 
reduced  to  a  kind  of  mucilage.  This  being 
taken  from  the  pit,  is  pounded  in  a  mortar  to 
a  paste,  washed  in  river  water,  and  kneaded, 
till  it  is  freed  from  extraneous  matters.  In 
this  state  it  is  left  four  or  five  days  in  earthen 
vessels,  to  ferment  and  purify  itself,  when  it 
is  fit  for  use. 

It  may  likewise  be  obtained  from  the  mis- 
tletoe, the  viburnum  lantana,  young  shoots 
of  elder,  and  other  vegetable  substances. 

It  is  sometimes  adulterated  with  turpen- 
tine, oil,  vin^ar,  and  other  matters. 

Good  birdlime  is  of  a  greenish  colour,  and 
sour  flavour ;  gluey,  stringy,  and  tenacious ; 
and  in  smell  resembUng  linseed  oiL  By  ex- 
posure to  die  air  it  becomes  dry  and  britde^ 
so  that  it  may  be  powdered ;  but  its  viscidi- 
ty is  restored  by  wetting  it.  It  reddens  tinc- 
ture of  litmus.  Exposed  to  a  gentle  heat  it 
liquefies  slightly,  swells  in  bubbles,  becomes 


grumous,  emits  a  smell  resembling  that  of 
animal  oils,  grows  brown,  but  recovers  its 
properties  on  cooling,  if  not  heated  too  much. 
With  a  greater  heat  it  bums,  giving  out  a 
brisk  flame  and  much  smoke.  The  residuum 
contains  sulphate  and  muriate  of  potash,  car- 
bonate of  lime  and  alumina,  with  a  small  por- 
tion of  iron. 

BISMUTH  is  a  metal  of  a  yellowish  or . 
reddish-white  colour,  litde  subject  to  change 
in  the  air.  It  is  somewhat  harder  than  lead, 
and  is  scarcely,  if  at  all  maUeable ;  being 
easily  broken,  and  even  reduced  to  powder, 
by  the  hammer.  Tbe  internal  face,  or  place 
(^fracture,  exhibits  large  shining  plates,  dis- 
posed in  a  variety  of  posidons :  thin  pieces 
are  considerably  sonorous.  At  a  temperature 
of  480<»  Fahrenheit  it  melts,  and  its  surface 
becomes  covered  with  a  greenish-grey  or. 
brown  oxide.  A  stronger  heat  ignites  it,  and 
causes  it  to  bum  with  a  small  blue  flame ;  at 
the  same  time  that  a  yellowish  oxide,  known 
by  the  name  of  flowers  of  bismuth,  is  driven 
up.  This  oxide  appears  to  rise  in  conse- 
quence of  the  combustion ;  fbr  itis  very  fixed, 
and  runs  into  a  greenish  glass  wiien  exposed 
to  heat  alone. 

This  oxide  consists  of  100  mMal  -f.  1 1.275 
oxygen,  whence  its  prime  equivalent  will  be 
9.87,  and  that  of  the  metal  itself  8w87.  The 
specific  gravity  of  the  metal  is  9.85. 

Bismuth,  urged  by  a  strong  heat  in  a  closed 
vessel,  sublimes  entire,  and  crystalUzes  very 
distinctly  when  gradually  cooled. 

Sulphuric  add  has  a  slij^t  action  upon 
bismuth,  when  it  is  concentrated  and  boiling. 
Sulphurous  acid  gas  is  eihaled,  and  part  of 
the  bismuth  is  converted  into  a  white  oxide. 
A  small  portion  combines  with  the  sulphuric 
acid,  and  affords  a  deliquescent  salt  in  the 
form  of  small  needles. 

Nitric  acid  dissolves  bismuth  with  the. 
greatest  rapidity  and  violence ;  at  the  same 
time  that  much  heat  is  extricated,  and  a  large 
quantity  of  nitric  oxide  escapes.  The  solu- 
tion, when  saturated,  affords  crystals  as  it 
cools ;  the  salt  detonates  weakly,  and  leavea 
a  yellow  oxide  behind,  which  effloresces  in  the 
air.  Upon  dissolving  this  salt  in  water,  it 
renders  that  fluid  of  a  milky  whit^  and  lets 
&11  an  oxide  of  the  same  colour. 

Tlie  nitric  solution  of  bismuth  exhibits  the 
same  property  when  diluted  with  water,  most 
of  the  metal  falling  down  in  the  form  of  a 
white  oxide,  called  magistery  of  bismuth. 
This  precipitation  of  tbe  nitric  solution,  by 
the  addition  of  water,  is  the  criterion  by  which 
bismuth  is  distinguished  from  most  other 
metals.  The  magistery,  or  oxide^  is  a  very 
white  and  subtile  powder :  when  prepared  by 
the  addition  of  a  large  quantity  of  water,  it  is 
used  as  a  paint  for  the  complexion,  and  is 
thought  gradually  to  impair  the  dtinu  Tlie 
liberal  use  of  any  paint  for  the  skin  seems  in- 
deed likely  to  do  this ;  but  diere  is  reason  to 
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saspect,  from  the  resemblance  between  the 
general  properties  of  lead  and  bismuth,  that 
the  oxide  of  this  metal  may  be  attended  with 
effects  similar  to  those  which  the  oxides  of 
lead  are  known  to  produce.  If  a  small  por- 
tion of  muriatic  acid  be  mixed  with  the  nitric, 
and  the  predpitated  oxide  be  washed  witli  but 
a  small  quantity  of  cold  water,  it  will  appear 
in  minute  scales  of  a  pearly  lustre,  constitut- 
ing the  peari  powder  of  perfumers.  These 
paints  are  lii^le  to  be  turned  black  by  sul- 
phuretted hydrogen  gas. 

Muriatic  acid  does  not  readily  act  upon 
iNsmuth. 

When  bismuth  is  exposed  to  chlorine  gas 
it  takes  fires,  and  is  converted  into  a  chloride, 
which,  formerly  prepared  by  heating  the  metal 
with  corrosive  sublimate,  was  called  butter  of 
bismuth.  Tlie  chloride  is  of  a  greyish- white 
colour,  a  granular  texture,  and  is  opaque.  It 
is  fixed  at  a  red  heat.  According  to  Dr  John 
Davy,  it  is  composed  of  33.6  chlorine  -^  66.4 
bismuth,  =  lUO ;  or  in  equivalent  numbers, 
of  4.5  chlorine  +  a87  bismuth,  =s  ia37. 
.Allien  iodine  and  bismuth  are  heated  toge- 
ther, they  readily  form  an  iodide  of  an  orange- 
yellow  colour,  insoluble  in  water,  but  easily 
dissolved  in  potash  ley. 

Alkalis  likewise  precipitate  its  oxide ;  but 
not  of  so  beautiful  a  white  colour  as  tliat 
afibrded  by  the  affusion  of  pure  water. 

The  gallic  add  predpitates  bismuth  of  a 
greenish-yellow,  as  ferroprussiate  of  potash 
does  of  a  yellowish  colour. 

There  appears  to  be  two  sulphurets ;  the 
'first  a  compound  of  100  bismuth  to  22.34 
sulphur ;  the  second  of  100  to  46.5 :  the  se- 
cond is  a  hisulphuret. 

This  metal  unites  with  most  metallic  sub- 
stancesy  and  renders  them  in  general  more 
fusible.  When  calcined  with  the  imperfect 
metals,  its  glass  dissolves  them,  and  produces 
the  same  eiSect  as  lead  in  cupeUation;  in 
which  process  it  is  even  said  to  be  preferable 
to  lead. 

Bismuth  is  used  in  the  composition  of  pew- 
ter, in  the  fabrication  of  printers'  types,  and 
in  various  other  metallic  mixttires.  With  an 
equal  weight  of  lead,  it  forms  a  brilliant  white 
alloy,  much  harder  than  lead,  and  more  mal- 
leable than  bismuth,  thou^  not  ductile ;  and 
if  the  proportion  of  lead  be  increased,  it  is  ren- 
dered still  more  malleable.  Eight  parts  of 
bismuth,  five  of  lead,  and  three  of  tin,  con- 
stitute the  fusible  metal,  sometimes  called 
Newton's  from  its  discoverer,  which  melts  at 
the  heat  of  boiling  water,  and  may  be  fused 
over  a  candle  in  a  piece  of  stiff  paper  without 
burning  the  paper.  One  part  of  bismuth, 
with  five  of  l«ul,  and  three  of  tin,  forms  pew- 
terer's  solder.  It  forms  the  basis  of  a  sym- 
pathetic ink.  The  oxide  of  bismuth  pred- 
intated  by  potash  from  nitric  add,  has  been 
reoonmiended  in  spasmodic  disorders  of  the 
stomachy  and  given  in  doses  of  four  grains, 


four  times  a-day.  A  writer  in  the  Jena 
Journal  says  he  has  known  tlie  dose  carried 
grsdually  to  one  scruple  without  injury. 

Bismuth  is  easily  sepairable,  in  the  dry  way, 
from  its  ores,  on  account  of  its  great  fusibi- 
lity. It  is  usual,  in  the  processes  at  large,  to 
throw  the  bismuth  ore  into  a  fire  of  wood ; 
beneath  which  a  hole  is  made  in  the  ground 
to  receive  the  metal,  and  defend  it  from  oxi- 
dation. The  same  process  may  be  imitated 
in  the  small  way,  in  the  examination  of  the 
ores  of  this  metal ;  nothing  more  bring  ne- 
cessary than  to  expose  it  to  a  moderate  heat 
in  a  crucible,  with  a  quantity  of  redudhg 
flux ;  taking  care^  at  the  same  time,  to  per- 
form  the  operation  as  speedily  as  possible,  that 
the  bismuth  may  be  ndther  oxidixed  nor  vo- 
latilized.    See  Salt. 

BISTRE.  A  brown  pigment,  consisting 
of  the  finer  parts  of  wood  soot,  separated 
fipom  the  grosser  by  washing.  Tlie  soot  of 
the  beech  is  said  to  make  the  best 

BISULPHATE.  See  Sulphate,  under 
Acid  (Sulphu&ic). 

BITTER  PRINCIPLE,  of  which  there 
are  several  varieties. 

When  nitric  add  is  digested  on  silk,  indi- 
go, or  white  willow,  a  substance  of  a  deep 
yellow  colour,  and  an  intensely  bitter  taste, 
is  formed.  It  dyes  a  permanent  yellow.  It 
crystallizes  in  oblong  plates,  and  saturates 
alkalis  like  an  add,  producing  crystallizable 
salts.  That  with  potasli  is  in  yellow  prisms. 
Hiey  are  bitter,  permanent  in  the  air,  and 
less  soluble  than  the  insulated  bitter  prind- 
ple.  On  hot  charcoal  they  deflagrate.  When 
struck  smartly  on  an  anvil,  they  detonate 
with  miurh  riolence,  and  with  emission  of  a 
purple  light  Ammonia  deepens  the  colour 
of  the  bitter  prindple  solution,  and  forms  a 
salt  in  yellow  spicule.  It  unites  also  with 
the  alkaline  earths  and  metallic  oxides.  M. 
Chevreul  considers  it  a  compound  of  nitric 
acid,  with  a  peculiar  substance  of  an  oily  na- 
ture. Quassia,  cocculus  indicus,  daphne  al- 
pina,  coffee,  squills,  colocynth,  and  bryony, 
as  well  as  many  other  medicinal  plants,  yidd 
bitter  prindpies,  peculiarly  modified.  See 
Acid  (Carbazotic)  and  (Imdigoic). 

BITTERN.  The  mother  water  which 
remains  afler  the  crystallization  of  common 
salt  in  sea  water,  or  the  water  of  salt  springs. 
It  abounds  with  sulphate  and  muriate  of 
magnesia,  to  which  its  bitterness  is  owing. 
See  Water  (Sea). 

BITTERSPAR,  or  RHOMBSPAR. 
This  mineral  crystallizes  in  rhomboids,  which 
were  confounded  with  those  of  calcareous 
spar,  till  Dr  WoUaston  applied  his  admi- 
rable  reflective  goniometer,  and  proved  the 
peculiarity  of  the  angles  in  bitterspar,  which 
are  106<>  15'  and  73o  4&.  Ito  colour  is 
greyish  or  yellow,  with  a  somewhat  pearly  lus- 
tre. It  is  brittle,  semitransparent,  splendent, 
and  harder  than  calcareous  spar.     Fracture 
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■might,  foliated,  with  a  threefold  deavaga. 
Its  9p.  gr.  is  2.88.  It  consists  of  from  68 
to  73  carbonate  of  lime,-  86  carbonate  of 
magnesia,  and  2  oxide  of  manganese.  It  is 
usually  imbedded  in  serpentine^  dilorite,  or 
steatite;  and  is  found  in  the  Tyrol,  Salz- 
burg, and  Dauphiny;  in  Scotland,  on  the 
borders  of  Loch  Lomond  in  chlorite  slate, 
and  near  Newton  Stewart  in  Galloway;  as 
also  in  the  Isle  of  Man.  It  bears  the  same 
felation  to  dolomite  and  magnesian  lime- 
atone,  that  calcareous  spar  does  to  common 
limestone. 

BITUMEN.     Hiis  term  includes  a  con- 
siderable range  of  inflammable  mineral  sub» 
stances,  burning  with  flame  in  the  open  air. 
Tliey  are  of  different  consistency,  from  a  thin 
fluid  to  a  solid ;  but  the  solids  are  for  the  most 
part  liquefisble  at  a  nooderate  heat.  The  fluid 
an,  1.  Naphtha ;  a  fine,  white,  thin,  fragrant, 
colourless  oil,  which  issues  out  of  white,  yd* 
low  or  black  days,  in  Persia  and  Media.  This 
is  highly  inflammable^  and  is  decomposed  by 
distillation.    It  dissolves  resins,  and  the  essen- 
tial oiU  of  thyme  and  lavender ;  but  is  not  it- 
self soluble  either  in  dcohol  or  ether.     It  is 
the  lightest  of  all  the  dense  fluids,  its  q>erific 
gravity  bdng  0.708.     2.  Petroleum,  which 
is  a  yellow,  reddish4»own,  greenish,  or  black- 
ish oil,  found  dropping  from  rocks,  or  issuing 
fiom  tiie  earth,  in  the  duchy  of  Modena,  and 
in  various  other  parts  of  Europe  and  Asia. 
This  likewise  is  insoluble  in  alcohol,   and 
seems  to  consist  of  naphtha,  thickened  by  ex- 
posure to  the  atmosphere.    It  contains  a  por- 
tion of  the  succinic  add.     3.  Baibadoes  tar, 
which  is  a  visdd,  brown,  or  black  inflamma- 
ble substance,  insoluble  in  alcohol,  and  con- 
taining the  sucdnic  add.     This  appears  to  be 
the  mineral  oil  in  its  third  state  ot  alteratioo. 
The  solid  are,  1.  Asphalturo,  mineral  pitch, 
of  which  there  are  three  varieties— the  cohe- 
sive ;  the  semi-compact,  maltha ;  the  compact, 
or  aq>haltum.     These  are  smooth,  more  or 
less  hard  or  brittle,  inflammable  substances, 
which  mdt  easily,  and  bum  without  leaving 
any  or  but  little  ashes,  if  they  be  pure.  They 
are  slightly  and  partially  acted  on  by  aloohd 
and  eSier.     2.  Mineral  tallow,  which  is  a 
white  substance  of  the  consistence  of  tallow, 
•nd  as  greasy,  although  more  brittle.    It  was 
Ibund  in  the  sea  on  the  coasts  of  Finland  in 
the  year  1736,  and  is  also  met  with  in  some 
locky  parts  of  Persia.     It  is  near  one-fifth 
lighter  than  tallow ;  bums  with  a  blue  flame 
anid  a  smell  of  grease,  leaving  a  black  viscid 
matter  behind,  whidi  is  more  difficultly  con- 
sumed. 3.  Elastic  bitumien,  or  mineral  caout- 
diouc,  of  which  there  are  two  varieties.   B&. 
dde  these,  there  are  other  bituminous  sub- 
stances, as  jet  and  amber,  which  approach  the 
harder  bitumens  in  their  nature ;  and  all  the 
varieties  of  piUcoal,  and  the  bituminous  sdus- 
tus,  or  shales  which  contain  more  or  less  of 
bitumen  in  their  composition.    See  the  diflTe- 


rent  kinds  of  bitumen  mad  Utmninona  lub- 
stanoes,  in  their  respective  places  in  the  order 
of  the  alphabet. 

BITUMINOUS  LIMESTONE  is  of  a 
lamellar  structure,  susceptible  of  polishing, 
emits  an  unpleasant  smell  when  rubbed,  and 
has  a  brown  or  black  odour.  Heat  converts 
it  into  quicklime.  It  contdns  -8.8  alumina, 
0.6  silica,  0.6  bitumen,  and  89.75  cartionate 
of  lime.  It  is  found  near  Bristol,  and  in 
Galway  in  Ireland.  The  Ddmatian  is  so 
charged  with  bitumen,  that  it  may  be  cut  like 
soap,  and  is  used  for  building  houses.  When 
the  walls  are  reared,  fire  is  applied  to  them, 
and  they  bum  white. 

BLACK  CHALK.  This  minerd  has  a 
bluish-black  odour,  a  slaty  texture,  sdls  the 
fingers,  and  is  meagre  to  the  touch.  It  con- 
tdns about  64>  silica,  11  dumina,  1 1  csibon, 
with  a  little  iron  and  water.  It  is  found  in 
primitive  mountdns,  and  also  sometimes  near 
cod  formations.  It  occurs  in  Caernarvon- 
shire, and  in  the  island  of  Ida. 

BLACK  JACK.  The  miners  distinguish 
blende,  or  mock  lead,  by  this  name.  It  is  an 
ore  of  sine 

BLACK  LEAD.     See  PLUiUAGa 

BLACK  WADD.  One  of  the  ores  of 
mangahese. 

BLEACHING.  The  chemicd  art  by 
which  the  various  artides  used  for  dothing 
are  deprived  of  thdr  naturd  dark  odour  and 
rendered  white. 

The  colouring  prindple  of  silk  is  undoubt- 
edly resinous.  Hence  M.  Baum6  proposed 
the  following  process,  as  the  best  mode  of 
Ueaching  it  On  six  pounds  of  ydlow  raw 
dlk,  disposed  in  an  earthen  pot,  48  pounds  of 
alcohol,  sp.  gr.  0.867,  mixed  with  12  oi.  mu- 
riatic add,  sp.  gr.  1. 100,  are  to  be  poured. 
After  a  day's  digestion,  the  liquid  passes 
from  a  fine  green  colour  to  a  dusky  brown. 
The  silk  is  then  to  be  drdned,  and  washed 
with  dcohd.  A  second  infudon  vrith  the 
above  addulated  dcohol  is  then  made,  for 
four  or  six  days,  after  which  the  silk  is 
drained  and  washed  with  dcohoL  The  spirit 
may  be  recovered  by  saturating  the  mingled 
add  with  dkali  or  lime^  and  dlistilling.  M. 
Bauro^  says,  that  silk  may  thus  be  made  to 
rivd  or  surpass  in  whiteness  and  lustra  the 
finest  specimens  from  Nankin.  But  the  or- 
dinary method  of  bleaching  silk  is  the  follow- 
ing:—The  silk,  being  stUI  raw,  is  put  into 
a  bag  of  thin  linen,  and  thrown  into  a  vessd 
of  bdliog  river  water,  in  which  has  been  dis- 
solved good  Genoa  or  Toulon  soap. 
■  After  the  silk  has  boiled  two  or  three  homa 
in  that  water,  the  bag  bdng  ftequently  turned, 
it  is  taken  out  to  be  beaten,  and  is  then  washed 
in  cold  water.  When  it  has  been  thus  tho- 
roughly washed  and  beaten,  they  wring  it 
slightly,  and  put  it  for  the  second  time  into 
the  boiling  vessel,  filled  with  cold  water, 
mixed  with  soap  and  a  little  indigo ;  which 
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^▼es  it  Ibit  bliiiah  cast  commonly  obserred  in  mentation  completely  to  a  close,  witiiout  in- 

irhite  silk.  curring  the  risk  of  injuring  the  fibre  by  the 

When  the  silk  is  taken  out  of  this  second  putrefactive  fermentation, 
water,  they  wring  it  hard  with  a  wooden  peg,         Tbe  goods  are  next  exposed  to  the  action 

to  press  out  all  the  water  and  soap ;  after  of  hot  alkaline  lixivia,  by  bucking  or  boiling, 

which  they  shake  it,  to  untwist  it,  and  sepa-  or  both.     The  former  operation  consists  in 

rate  the  threads.     Then  they  suspend  it  in  a  pouring  boiling  hot  ley  on  the  cloth  placed 

kind  of  stove  constructed  for  that  purpose,  in  a  tub ;  after  a  short  time  drawing  off  the 

where  they  bum  sulphur;  the  vapour  of  cooled  h'quid  below,  and  replacing  it  above  by 

which  gives  the  last  degree  of  whiteness  to  the  hot  lixivium.     The  most  convenient  arrange- 

alk.  ment  of  apparatus  is  the  following :— Into 

The  method  of  bleaching  tooollen  tHiffs,—-  the  mouth  of  an  egg-shaped  iron  boiler  the 

There  are  three  ways  of  doing  this :  The  first  bottom  of  a  large  tub  is  fixed  air-tight.     Hie 

is  with  water  and  soap ;  the  second,  with  the  tub  is  furnished  with  a  false  bottom  pierced 

vapour  of  sulphur ;  and  the  third,  with  chalk,  with  holes,  a  few  inches  above  the  real  bottom, 

indigo,  and  the  vapour  of  sulphur.  In  the  latter,  a  valve  is  placed,  opening  down- 

Bieaching  wiih  toap  and  ioa<tfr.— After  the  wards,  but  which  may  be  readily  closed  by  the 

stufib  are  taken  out  of  the  fuller's  mill,  they  are  upward  pressure  of  steam.     From  the  side  of 

put  into  soap  and  water,  a  little  warm,  in  which  the  iron  boiler,  a  little  above  its  bottom,  a  pipe 

they  are  again  worked  by  tbe  strength  of  the  issues,  which,  turning  at  right  angle^  upwards, 

anns  over  a  wooden  bench:  this  finishes  giving  rises  parallel  to  the  outside  of  the  bucking 

them  the  whitening  which  the  fuller's  mill  had  tub,  to  a  foot  or  two  above  its  summit     The 

only  begun.     When  they  have  been  suffi-  vertical  part  of  this  pipe  forms  the  cylinder 

dently  worked  with  the  hands,  they  are  washed  of  a  sucking  pump,  and  has  a  piston  and  rod 

in  clear  water  and  put  to  dry.  adapted  to  it.     At  a  few  inches  above  the 

This  method  of  bleaching  woollen  stuffs  is  level  of  the  mouth  of  the  tub,  the  vertical 

called  the  Natural  Method.  pipe  sends  off  a  lateral  branch,  which  termi- 

BUaching  with  tulphur.^-They  begin  with  nates  in  a  bent  down  nozzle,  over  a  hole  in  the 
washing  and  cleansing  the  stuffs  thoroughly  in  centre  of  the  lid  of  the  tub.  Under  the  nos- 
river  vrater ;  then  they  put  them  to  dry  upon  zle,  and  immediately  witliin  the  lid,  is  a  me- 
poles  or  perches.  When  they  are  half  dry,  tallic  circular  disc.  The  boiler  being  charg- 
they  stretch  them  out  in  a  very  close  stove,  in  ed  with  lixivium,  and  the  tub  with  the  washed 
which  they  bum  sulphur ;  the  vapour  of  which  goods,  a  moderate  fire  is  kindled.  At  the 
diffusing  itself,  adheres  by  d^rees to  the  whole  same  time  the  pump  is  set  agoing,  either  by 
stuff,  and  gives  it  a  fine  whitening :  this  is  the  hand  of  a  workman  or  by  machinery, 
commonly  called  Bleaching  by  the  Flower,  or  Thus  the  lixivium,  in  its  progressively  heat- 
Bleaching  of  Paris,  because  they  use  this  me-  ing  state,  is  made  to  circulate  continually 
tbod  in  that  city  more  than  any  where  else.  down  through  the  stuffs.     But  when  it  finally 

The  colouring  matter  of  linen  and  cotton  attains  the  boiling  temperature,  the  piston  rod 

is  also  probably  resinous ;  at  least  the  experi-  and  piston  are  removed,  and  the  pressure  of 

ments  of  Mr  Kirwan  on  alkab'ne  lixivia  satu-  the  included  steam  alone  forces  the  liquid  up 

rated  with  tbe  dark  oolounag  matter,  lead  to  the  vertical  pipe,  and  along  tlie  horizontal  one 

that  ooncluaon.     By  neutndizing  the  alkali  in  an  unintermpted  stream.     The  valve  at 

with  dilute  muriatic  add,  a  precipitate  re-  the  bottom  of  the  tub,  yielding  to  the  accumu- 

sembling  lac  was  obtained,  soluble  in  alcohol,  lated  weight  of  the  liquid,  opens  from  time 

in  solutions  of  alkalis,   and  alkaline  sul-  to  time,  and  replaces  the  lixivium  in  the 

phurets.  boiler. 

The  first  step  towards  freeing  v^^ble  yam  This  ingenious  self-acting  apparatus  was 
or  cloth  from  their  native  colour,  is  fermen-  invented  by  Mr  John  Laurie  of  Glasgow,  and 
tation.  The  raw  goods  are  put  into  a  large  a  repres^itation  of  it  accompanies  Mr  Ram- 
wooden  tub,  vrith  a  quantity  of  used  alkaline  say*s  excellent  article.  Bleaching,  in  the 
lixivium  in  an  acescent  state,  heated  to  about  Edinburgh  Encyclopaedia.  By  its  means, 
the  hundredth  d^ree  of  Fahr.  It  would  be  labour  is  spared,  the  negligence  of  servants 
better  to  use  some  uncoloured  fermentable  is  guarded  against,  and  fully  one-fourth  of 
matter,  such  as  soured  bran  or  potato  paste,  alkali  saved. 

along  with  clean  warm  water.     In  a  short         It  is  ofgreat  consequence  to  heat  the  h'quid 

time  an  intestine  motion  arises,  air  bubbles  very  slowly  at  first     Hasty  boiling  is  incom- 

cscape^  and  the  goods  swell,  raising  up  the  patible  with  good  bleachixig.     When  the  ley 

loadied  board  which  is  used  to  press  them  into  seems  to  be  impregnated  vrith  colouring  mat- 

tfae  liquor.     At  the  end  of  ftx>m  18  to  48  ter,  the  fire  is  lowered,  and  the  liquid  drawn 

hours,  according  to  the  quality  of  the  stufis,  off  by  a  stopcock ;   at  tbe  same  time  that 

the  fermentation  ceases,  when  the  goods  are  water,  at  first  hot  and  then  cold,  is  mn  in  at 

to  be  imiQediately  withdrawn  and  washed,  top,  to  separate  all  the  dark-coloured  lixi- 

Much  advantage  may  be  derived  by  the  skil-  rium.     The  goods  are  then  taken  out  and 

fttlbleacfatr,  ftrom  conducting  the  acetous  fer-  well  washed,  either  by  the  hand  with  the 

O 


BLEACHING. 


810 


BLJBACHINO; 


wash-stocfay  or  by  the  notary  wooden' wheel 
with  hoUow  compartinents,  called  the  dash* 
wheeL  The  strength  of  the  alkaline  lixivium 
is  varied'  by  different  bleachers.  A  solution 
of  potash,  rendered  caustic  by  lime,  of  the 
specific  gravity  1.014i,  or  containing  a  little 
more  than  1  per  cent  c^  pure  potash,  is  used 
by  many  bleachers.  The  Irish  bleachers  use 
barilla  hzivium  chiefly,  and  of  inferior  alka- 
line power.  Hie  routine  of  operations  may 
be  conveniently  presented  in  a  tabular  form. 
A  parcel  of  goods  consists  of  360  pieces  of 
those  linens  which  are  called  Britannias.  Each 
piece  is  35  yards  long,  weighing  on  an  average 
10  pounds.  Hence  the  weight  of  the  whole 
is  3600  pounds  avoirdupois.  These  linens 
are  first  washed,  and  then  subjected  to  the  ace- 
tous fermentation,  as  above  described.  They 
then  undergo  the  following  operations  :— 

1.  Bucked  with  60  lbs.  pearl  ashes,  waslied 
and  exposed  on  tlie  field. 

2.  DittowithdOlbs.      ditto  dttta 

3.  Ditto        90  potashes       ditto. 

4.  Ditto        80  ditto  ditto. 

5.  Ditto        80  ditto  ditto. 

6.  Ditto        50  ditto  ditto. 

7.  Ditto        70  ditto  ditto. 
&     Ditto         70             ditto          ditto. 

9.  Soured  one  nij^t  in  dilute  sulphuric 
acid. 

10.  Bucked  with  50  lbs.  pearl  ashes,  wash- 
ed and  exposed. 

11.  Immersed  in  the  oxymuriate  of  potash 
ibr  12  hours. 

12.  Boiled  with  30  lbs.  pearl  ashes,  washed 
and  exposed. 

la     Ditto  30        ditto        ditto. 

14.  Soured  and  washed. 
The  linens  are  then  taken  to  the  rubbing 
board,  and  well  rubbed  witii  a  ttroog  lather 
of  black  soap,  after  which  they  are  well  wash^ 
ed  in  pure  spring  water.  At  this  period  they 
are  carefully  examined,  and  those  which  are 
fully  bleached  are  laid  aside  to  be  blued  and 
made  up  for  the  markeL  Those  which  are 
not  folly  white,  are  returned  to  be  boiled  and 
steeped  in  the  oxymuriate  of  potash,  and  sour- 
ed until  they  are  fully  white.  By  the  above 
process,  690  lbs.  of  commercial  alkali  are  used 
in  bleaching  360  pieces  of  linen,  each  mea- 
suring 35  yards.  Hence,  the  expenditure  of 
alkali  would  be  a  little  under  2  lbs.  a-piece, 
were  it  not  that  some  part  of  the  above  linens 
may  not  be  tliorougfaly  whitened.  It  will, 
therefore,  be  a  fair  average  to  allow  2  lbs.  for 
each  piece  of  such  goods. 

On  the  above  process  we  may  remark,  that 
many  enli^tened  bleadiers  have  found  it 
advantageous  to  apply  the  souring  at  a  more 
early  period,  as  well  as  the  oxymuriate  solu- 
tion. According  to  Dr  Stephenson,  in  his 
elaborate  paper  on  the  linen  and  hempen  ma- 
nufactures, published  by  the  Belfast  literary 
SoclMy,  10  naggins,  or  quarter  pints,  jof  oil 
of  vitriol,  are  sufficient  to  make  200  gallons 


of  touring.  This  gives  tiie  proportion,  by 
measure,of  640waterto  I  of  acid.  MrParkes^ 
in  describing  the  Ueadiing  of  calicoes  in  his 
Chemical  Essays,  says,  that  throughout  Lan- 
cashire one  measure  of  sulphuric  acid  is  used 
with  46  of  water,  or  one  pound  oi  the  acid  to 
25  pounds  of  water ;  and  he  states,  that  a 
scientific  calico  -printer  in  Scotland  makes  his 
sours  to  have  the  specific  gravity  1.0254  at 
1 10^  of  Fahrenheit ;  which  dilute  add  con- 
tains at  least  l-25th  of  oil  of  vitrioL  Five 
or  six  hours*  immersion  is  employed. 

In  a  note  Mr  Parkes  adds,  that  in  bleach- 
ing common  goods,  and  such  as  are  not  de- 
signed for  the  best  printing,  the  specific  gra^ 
vity  of  the  sours  is  vari^  from  1.0146  te 
1.0238,  if  taken  at  the  atmospheric  tempera- 
ture. Most  bleachers  use  the  strongest  alka- 
line lixiviums  at  firsts  and  the  weaker  after- 
wards. As  to  the  strength  of  the  oxymuriate 
steeps,  as  the  bleacher  teims  them,  it  is  difli- 
cult  to  give  certain  data,  from  the  variablenev 
of  the  chlorides  of  potash  and  lime. 

Mr  Fbrkes,  in  giving  the  process  of  the 
Scotch  bleacher,  says,  that  after  the  calicoea 
have  been  singed,  steeped  and  squeesed,  they 
are  boiled  four  successive  times,  fbr  10  or  12 
hours  each,  in  a  solution  of  caustic  potash  of 
a  specific  gravity  from  1.0127  to  1.0156,  and 
washed  thoroughly  between  each  boiling* 
'*  They  are  then  immersed  in  a  solution  of 
tlie  oxymuriate  of  potash,  originally  of  the 
strength  of  1.0625,  and  afterwards  reduced 
with  24  times  its  measure  of  water.  In  this 
preparation  they  are  suffered  to  remain  12 
hours.**  Dr  St^henson  says,  that,  for  coarse 
linens,  the  steep  is  made  by  dissolving  1  lb. 
of  oxymuriate  of  lime  in  3  gallons  of  water, 
and  afterwards  diluting  with  25  additional 
gallons.  The  ordinary  specific  gravity  of  the 
oxymuriate  of  lime  steeps,  by  Mr  Ruosay,  is 
1.005.  Bat  from  these  data  little  can  be 
learned;  because  oxymuriate  of  lime  ia  al^ 
ways  more  or  less  mixed  with  common  mu- 
riate of  lime,  or  chloride  of  calcium,  a  little 
of  which  has  a  great  effect  on  the  hydrometric 
indications,  llie  period  of  immersion  is  10 
or  12  hours.  Many  bleachers  employ  gentle 
and  long  continued  boiling  without  bucking. 
The  operation  of  souring  was  long  ago  e& 
fected  by  butter-milk,  but  it  is  more  safely 
and  advantageously  performed  by  the  dilute 
sulphuric  add  uniformly  combined  with  the 
water  by  much  agitation. 

Mr  Tennent*s  ingenious  mode  of  uniting 
chlorine  with  pulvenilent  lime^  was  one  of  the 
greatest  improvements  in  practical  bleachingw 
When  this  chloride  is  well  prepared  and  pro- 
perly applied,  it  will  not  injure  the  most  deli- 
cate muslin.  Magnesia  has  been  suggested  as 
a  substitute  for  lime;  but  the  high  price  of 
this  alkaline  earth  must  be  a  bar  to  its  gen^ 
ral  employment.  The  muriate  of  lime  so- 
lution  resulting  from  the  action  of  unbleach- 
ed doth  on  tliat  of  tlie  oxymuriate^  if  too 
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atrongi  or  too  long  applied,  would  weaken  ley,  if  It  be  exposed  to  the  action  of  steam 

the  texture  of  clodi,  as  Sir  H«  Davy  has  heated  to  222^  in  a  strong  yessel,  it  will  be 

shewn.     But  the  bleacher  is  on  bis  guard  in  a  great  measure  bleaclied. 

against  this  accident ;   and  the  process  of        This  operation  is  admirably  adapted  to  the 

aouring,  wfaidi  follows  most  commonly  the  cleansing  of  hospital  linen. 

ozymuriatic  steep,  thoroughly  removes  the        The  following  is  the  practice  followed  by 

adhering  particles  of  lime.  a  very  skilful  bleacher  of  muslins  near  Gla»> 

Mr  Bu-kes  infbnnt  us,  that  calicoes  for  gow:-— 
madder  work,  or  resist  work,  or  for  the  fine        *'  In  fermenting  muslin  goods,  we  sur- 

pale  blue  dipping,  cannot  without  injury  be  round  them  with  our  spent  leys,  from  the 

bleached  with  oxymuriate  of  lime.    Iliey  re-  temperature  of  100<*  to  150^  F.,  according  to 

quire,  he  says,  oxymuriate  of  potash.     I  be-  the  weather,  and  allow  them  to  ferment  for 

lieve  this  to  be  a  mistake.    Test  liquors,  made  36  hours.    In  boiling  1 12  lbs.  ss:  1 12  pieces 

by  dissolving  indigo  in  sulphuric  acid,  and  of  yard-wide  muslin,  we  use  6  or  7  Hm.  of 

then  diluting  the  sulphate  with  water,  or  ashes  and  2  lbs.  of  soft  soap,  with  360  gal- 

with  infiision  of  cochineal,  are  emploj'ed  to  Ions  of  water,  and  allow  them  to  boil  for  6 

measure  the  blanching  power  of  the  oxymu-  hours ;  then  wash  them,  and  boil  them  again 

riatic  or  chloridic  solutions.     But  they  are  with  5  lbs.  of  ashes,  and  2  lbs.  ef  soft  8oap» 

all  more  or  less  uncertain,  from  the  change-  and  allow  them  to  boil  3  hours ;  then  wash 

ableneas  c^  these  colouring  matters.     I  have  them  with  water,  and  immerse  them  into  the 

met  with  indigo  of  apparently  excellent  qua-  solution  of  oxymuriate  of  lime,  at  5  on  the 

fity,  of  which  four  parts  were  required  to  test  tube,  and  allow  them  to  remain  from  6 

saturate  the  same  weight  of  oxymuriate  of  to  12  hours;  next  wash  them,  and  immerse 

lime,  as  was  saturated  by  three  parts  of  an-  them  into  diluted  sulphuric  acid  at  the  spe- 

<iCfaer  indiga     Such  coloured  liquors,  how-  cific  gravity  of  3^  on  Twaddle's  hydrometer 

ever,  though  they  give  no  absolute  measure  ^  1.0175,   and  allow  them  to  remain  an 

of  dilorine^  afford  useful  means  of  compari-  hour.     They  are  now  well  washed,  and  bdl- 

son  to  the  bleacher.  ed  with  2^  lbs.  of  ashes  and  2  lbs.  of  soap, 

Some  writers  have  recommended  lime  and  for  half  an  hour ;  afterwards  washed  and  im- 

snlphuret  of  lime  as  detergent  substances  in-  mersed  into  the  oxymuriate  of  lime  as  before, 

alead  of  alkali ;  but  I  believe  no  practical  at  the  strength  of  3  on  the  test  tube,  which 

bleacherof  respectability  would  trust  to  them  is  stronger  than  the  former,  and  allowed  to 

alone.     Ume  should  always  be  employed,  remain  fbr  6  hours.    Hiey  are  again  washed, 

however,  to  make  the  alkalis  caustic ;   in  and  immersed  into  diluted  sulphuric  acid  at 

which  state  their  deteigent  powers  are  great-  the  specific  gravity  of  3  on  Twaddle's  hydro- 

ly  increased.  ,  meter  ^  1.015.     If  the  goods  be  strong, 

The  coarser  kinds  of  muslin  are  bleached  they  will  require  anotlier  boil,  steep,  and 
by  steeping,  washing,  and  then  boiling  them  sour.  At  any  rate,  the  sulphuric  acid  is 
in  a  wesk  solution  of  pot  and  pearl  ashes,  well  washed  out  before  they  receive  the  fin- 
Tbey  are  next  washed,  and  afterwards  boiled  idling  opotttion  with  starch. 
in  soap  alone,  and  then  soured  in  very  dilute  *'  With  regard  to  the  lime,  which  some 
aulplmric  acid.  After  being  washed  from  use  instead  of  alkali  immediately  after  fer- 
tile sour,  they  are  boiled  with  soap,  washed,  menting,  the  same  weight  of  it  is  employed 
and  immersed  in  the  solution  of  chloride  of  as  of  ashes.  Tlie  goods  are  allowed  to  boil 
lime  or  potash.  The  boiling  in  soap,  and  in  it  for  15  minutes,  but  not  longer,  other- 
immersion  in  the  oxymuriate,  is  repeated,  wise  the  lime  will  injure  the  fabric. '* 
until  the  muslin  is  of  a  pure  white  colour.  The  alkali  may  be  recovered  from  the 
It  is  finally  soured  and  washed  in  pure  spring  brown  lixivia,  by  evaporating  them  to  dry- 
water.  The  same  series  of  operations  is  used  ness,  and  gentle  ignition  of  the  residuum. 
in  bleaching  fine  muslins,  only  soap  is  used  But  in  most  situations  the  expense  of  fuel 
in  the  boilings  commonly  to  the  exclusion  of  would  exceed  the  value  of  the  recovered  al- 
pearl  ash.  Fast  coloured  cottons  are  bleached  kali.  A  simpler  mode  is  to  boil  the  foul 
in  the  following  way  :-<» After  the  starch  or  lixivium  with  quicklime,  and  a  little  pipe- 
dressing  is  well  removed  by  cold  water,  they  clay  and  bullock's  blood.  After  skimming, 
are  gently  boiled  with  soap,  washed,  and  im-  and  subsidence,  a  tolerably  pure  ley  is  ob- 
mersed  in  a  moderately  strong  solution  of  tained. 

oxymuriate  of  potash  or  lime.     This  process         Under  the  head  of  Chlorine,  we  have  de» 

is  repeated  till  the  white  parts  of  the  cloth  are  scribed  the  preparation  of  this  article ;  and 

sufficiently  pure.     They  are  then  soured  in  the  chief  circumstance  respecting  it  to  be  no* 

dilute  sulphuric  acid.     If  these  operations  ticed  here  is  the  apparatus,  which  must  be  on 

be  well  conducted,  the  colours,  instead  of  an  extensive  scale,  and  adapted  to  the  purpose 

being  impaired,  will  be  greatly  improved,  of  immersing  and  agitating  the  goods  to  be 

having  acquired  a  delicacy  of  tint  which  no  bleached,     llie  process  of  distillation  may  be 

other  process  can  impart.  performed  in  a  large  leaden  alembic,  gg. 

After  immersing  cloth  or  yarn  in  alkaline  Plate  I.  fig.  1.  supported  by  an  iron  trevet/, 
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in  an  iron  boiler  e.  Hits  is  heated  by  a  fiir- 
nace  b,  of  which  a  is  the  ash-hole,  c  the  place 
for  introducing  tfie  fuel ;  d  is  the  handle  of 
a  stopper  of  burnt  clay,  for  r^ulating  the 
draught.  To  the  top  of  the  alembic  is  fitted 
a  leaden  cover  i,  which  is  luted  on,  and  has 
three  perforations  :  one  for  the  curved  glaas 
or  leaden  funnel  h,  through  which  the  sul- 
phuric acid  is  to  be  poured  in ;  one  in  the 
centre  for  the  agitator  k,  made  of  iron  coated 
with  lead ;  and  the  third  for  the  leaden  tube 
/,  three  inches  in  diameter  internally,  through 
which  the  gas  is  conveyed  into  the  tubulated 
leaden  receiver  m.  To  prevent  the  agitator 
from  reaching  to  the  bottom  of  the  alembic, 
it  is  furnished  with  a  conical  leaden  collar, 
adapted  to  a  conical  projection  round  the  hole 
in  the  centre  of  the  cover,  to  which  it  becomes 
so  closely  fitted  by  means  of  its  rotary  mo- 
tion, as  to  prevent  the  escape  of  the  gas. 
The  tube  /  passing  through  the  aperture  m, 
to  the  bottom  of  the  intermediate  receiver 
nearly,  which  is  two-thirds  fuU  of  water,  de- 
posits there  the  little  sulphuric  acid  that  may 
arise ;  while  the  chlorine  gas  passes  through 
the  tube  n  into  the  wooden  condenser  oo» 
The  agitator  ;>,  turned  by  its  handle  <,  serves 
to  accelerate  the  combination  of  the  gas  with 
the  alkali,  to  which  the  horizontal  pieces  q  9, 
projecting  from  the  inside,  likewise  contri- 
bute. The  cover  of  this  receiver  has  a  slop- 
ing groove  r,  to  fit  close  on  its  edge,  which  is 
bevelled  on  each  side ;  and  a  cock  $  serves  to 
draw  off  the  liquor. 

Mr  Tennent's  chloride  of  lime  has  nearly 
superseded  that  plan. 

The  rags  or  other  materials  for  making 
paper  may  be  bleached  in  a  similar  manner ; 
but  it  is  best  to  reduce  them  first  to  the  state 
of  pulp,  as  then  the  acid  acts  more  uniformly 
upon  the  whole  substance. 

For  bleaching  old  paper :  Boil  your  printed 
paper  for  an  instant  in  a  solution  of  caustic 
soda :  that  from  kelp  may  be  used.  Steep  it 
in  soap-suds,  and  then  wash  it ;  after  which 
it  may  be  reduced  to  pulp.  The  soap  may 
be  omitted  without  much  inconvenience.— 
For  old  written  pap^  to  be  worked  up  again : 
Steep  it  in  water  acidulated  witli  sulphuric 
add,  and  tlien  wash  it  well  before  it  is  taken 
to  the  mill.  If  the  water  be  heated,  it  will  be 
more  efiectual.— To  bleach  printed  paper, 
without  destroying  its  texture:  Steep  the 
leaves  in  a  caustic  solution  of  soda,  eitlier 
hot  or  cold,  and  then  in  a  solution  of  soap. 
Arrange  them  alternately  between  cloths,  as 
paper-makers  do  thin  sheets  of  paper  when 
ddivered  from  the  form,  and  subject  them  to 
the  press.  If  one  operation  do  not  render 
them  sufiiciently  white,  it  may  be  repeated  as 
often  as  necessary.— To  bleach  old  written 
paper,  without  destroying  its  texture :  Steep 
the  paper  in  water  acidulated  with  sulphuric 
add,  dther  hot  or  cold,  and  then  in  a  solu- 
tion of  oxygenated  muriatic  odd  \  aiter  which 


immerse  it  in  water,  that  none  of  theadd  may 
remain  behind.  This  paper,  when  pressed  and 
dried,  will  be  fit  for  use  as  before. 

BLEACHING  POWDER  or  SALT. 
Chloride  of  lime,  which  see.  It  is  also  called 
oxymuriate  of  lime. 

BLEND.     An  ore  of  zinc 

BLOEDITE.  A  massive  translucent 
salt,  with  a  faint  vitreous  lustre  and  a  red 
colour,  found  at  Ischel  in  Upper  Austria 
along  with  prismatic  gypsum.  It  consists, 
according  to  John,  of  sulphate  of  magnesia 
36.66,  sulphate  of  soda  33.34^  protosul- 
phate  of  manganese  0.33,  muriate  of  soda 
22,  water  0.^  with  a  mechanical  admix- 
ture of  pereulphate  of  iron  with  excess  of 
base. 

BLOOD.  The  fluid  which  first  presents 
itself  to  observation,  when  the  parts  of  living 
animals  are  divided  or  destroyed,  is  the  blood, 
which,  drculates  with  considerable  velocity 
through  vessels,  called  vdns  and  arteries,  dis- 
tributed into  every  part  of  the  system. 

Recent  blood  is  uniformly  fluid,  and  of  a 
saline  taste.  Under  the  microscope,  it  ap- 
pears te  be  composed  of  a  prodigious  number 
of  red  globules,  swimming  in  a  transparent 
fluid.  After  standing  for  a  short  time,  its 
parts  separate  into  a  thick  red  matter,  or 
craasamentum,  and  a  fluid  called  serum.  If 
it  be  agitated  till  cold,  it  continues  fluid ;  but 
a  consistent  polypous  matter  adheres  to  the 
stirrer,  which,  by  repeated  ablutions  with 
water,  becomes  white,  and  has  a  fibrous  ap- 
pearance :  the  crassamentum  becomes  white 
and  fibrous  by  the  same  treatment.  If  blood 
be  recdved  from  the  vdn  into  warm  water,  a 
similar  filamentous  matter  subsides,  while  the 
other  parts  are  dissolved.  Alkalis  prevent  the 
blood  from  coagulating ;  acids,  on  the  con- 
trary, accelerate  that  eifect.  In  the  latter 
case,  the  fluid  is  found  to  contain  neutral 
salts,  consisting  of  the  add  itself,  united  with 
soda,  which  consequently  must  exist  in  the 
blood,  probably  in  a  disengaged  state.  Alco- 
hol coagulates  blood.  On  the  water  bath, 
blood  affbrds  an  aqueous  fluid,  ndther  add 
nor  alkaline,  but  of  a  faint  smell,  and  easily 
becoming  putrid.  A  stronger  heat  gradually 
dries  it,  and  at  the  same  time  reduces  it  to 
a  mass  of  about  one-eighth  of  its  original 
weij^t. 

Blood  usually  consisto  of  about  3  parte 
serum  to  1  of  cruor.  The  serum  is  of  a  pale 
greenish-yellow  colour.  Ito  specific  gravity 
b  about  1.029,  while  that  of  blood  itself  is 
1 .053i .  It  changes  syrup  of  violets  to  a  green, 
from  its  containing  free  soda.  At  156**  serum 
coagulates,  and  resembles  boiled  white  of  egg. 
When  this  coagulated  albumen  is  squeezed* 
a  muddy  fluid  exudes,  which  has  been  called 
the  serosity.  According  to  Beraelius,  1000 
parte  of  the  serum  of  bullock's  blood  consist 
of  905  water,  79.99  albumen,  6.175  lactate 
of  soda  and  extractive  matter,  2.565  muriates 
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rof  loda  and  potash,  h52  soda  and  aniibal 
matter,  and  4.75  loss.  1000  parts  of  serum 
'  of  human  bhx)d  consist,  by  the  same  chemist, 
€>f  905  water,  80  albumen,  6  muriates  of 
potash  and  soda,  4  lactate  of  soda  with  ani- 
mal  matter,  and  4fi.  1  of  soda,  and  phosphate 
of  soda  with  animal  matter.  There  is  no 
gelatin  in  serum.  '* 

The  cruor  has  a  specific  gravity  of  about 
L245.  By  making  a  stream  of  water  flow 
upon  it  till  the  water  runs  off  colourless,  it 
u  separated  into  insoluble  fibrine  and  the 
soluble  colouring  matter.  A  little  albumen 
has  also  been  found  in  cruor.  Tlie  propor- 
tions of  the  former  two  are^  64  colouring 
matter,  and  36  fibrine,  in  100.  To  obtain  the 
colouring  matter  pure,  we  mix  the  cruor  with 
4  parts  c^oil  of  vitriol  previously  diluted  with 
8  parts  of  water,  and  expose  the  mixture  to 
a  heat  of  about  160°  for  five  or  six  hours. 
KHer  the  liquid  while  hot,  and  wash  the  re- 
sidue with  a  few  ounces  of  hot  water.  Eva- 
porate the  liquid  to  one-half,  and  add  am- 
monia, till  the  add  be  almost,  but  not  entirely 
saturated.  The  colouring  matter  falls.  De- 
cant the  supernatant  liquid,  filter  and  wash 
the  residuum,  from  the  whole  of  the  sulphate 
of  ammonia.  When  it  is  well  drained,  re- 
move it  with  a  platina  blade^  and  dry  it  in  a 
capsule. 

When  solid,  it  appears  of  a  black  colour, 
but  becomes  wine-red  by  difiusion  through 
water,  in  which,  however,  it  is  not  soluble. 
It  has  neither  taste  nor  smell.  Alcohol  and 
ether  convert  it  into  an  unpleasant  smelling 
kind  of  adipocere.  It  is  soluble  both  in  al- 
kalis and  adds.  It  approaches  to  fibrine  in 
its  constitution,  and  contains  iron  in  a  pecu- 
liar state,  j|-  of  a  per  cent  of  the  oxide  of  which 
may  be  extracted  from  it  by  caldnadon.  The 
indnenfted  colouring  matter  weighs  l-60th 
of  the  whole;  and  these  ashes  consist  of  50 
oxide  of.  iron,  7.5  subphosphate  of  iron,  6 
phosphate  of  lime  with  traces  of  magnesia, 
20  pure  lime,  16.5  carbonic  add  and  loss; 
or  the  two  latter  ingredients  nuiy  be  reckoned 
32  carbonate  of  lime.  .  BerseUus  imagines 
that  none  of  these  bodies  existed  in  the  co- 
kniring  matter,  but  only  their  bases,  iron, 
phosphorus,  caldum,  carbon,  &c.,  and  that 
they  were  formed  during  the  indneration. 
From  the  albumen  of  blood  the  same  pro- 
portion of  ashes  may  be  obtained,  but  no 
iron. 

Dr  Frederick  Engelhart  gives  the  follow- 
ing, details  on  the  colouring  matter  of  blood. 
Having  found  that  serum,  when  much  di- 
luted,, is  not  coagulated  by  heat,  while  the 
cokmring  particles  are,  he  dissolved  the  mix- 
ture in  about  50  parts  of  water,  and  then 
raised  the  temperature  a  little  above  150°  F. 
Greyisb-brown  flooculi  were  thus  separated ; 
and  a  muddy  colourless  fluid  remained,  in 
which  phosphoric  add  and  corrosive .  subli- 
mate demonstrated  the  presence  of  serum. 


-The  predpitate,  when  collected  on  a  filter, 
and  well  washed  and  half  dried,  recovers  its 
red  colour,  particularly  when  viewed  by  trans- 
mitted light  When  entirely  dry  it  appears 
black ;  but  when  a  thin  slice  is  held  between 
•  the  eye  and  the  light,  the  colour  is  garnet- 
red.  In  this  state  it  is  hard,  not  easily 
broken,  and  has  a  shining  fracture.  It  con- 
sists of  the  colouring  particles  in  a  state  of 
perfect  purity,  but  modified  by  heat. 

In  this  state  the  colouring  matter  of  the 
blood  is  insoluble  in  hot  or  cold  water,  or  in 
ether,  and  yields  only  a  little  fittty  matter 
with  alcohol.  Sulphuric,  muriatic,  and  phos- 
phoric adds,  dissolve  only  a  part;  but  the 
alkalis,  with  the  aid  of  gentle  heat,  dissolve 
it  rapidly  and  completely,  and  form  deep 
blood-red  solutions,  which  yield  greyish- 
brown  flocculi  when  neutralised.  The  car- 
bonated alkalis  have  little  effect. 

The  pure  modified  colouring  matter,  when 
charred  in  a  crudble,  had  a  metallic  lustre, 
and  was  attracted  by  the  magnet ;  and  when 
the  charred  matter  was  indnerated,  it  ac- 
quired a  yellow  colour,  was  almost  entirely 
soluble  in  muriatic  acid,  and  then  exhibited 
with  the  ordinary  reagents  all  the  characters 
of  the  muriate  of  iron. 

The  pure  serum  and  fibrine,  when  dried 
and  charred,  had  not  a  metallic  lustre,  and 
were  not  attracted  by  the  magnet ;  and  when 
mdnerated  gave  a  white'  powder,  which,  al- 
though soluble  in  muriatic  acid,  evidently  did 
not  contain  a  trace  of  iron. 

Hie  only  kind  of  blood  that  can  be  used 
for  these  experiments^  is  human  or  horse 
blood ;  the  blood  of  the  ox,  sheep,  sow,  or 
turkey,  does  not  yield  a  serum  free  from  co- 
louring particles.  If  care  be  taken  to  avoid 
that  fiUlacy,  it  is  found  that  iron  exists  in  the 
colouring  particles  only,  and  in  the  propor- 
tion stated  by  Berzelius,  namely  0.005  parts. 
By  transmitting  chlorine  through  a  solution 
of  the  unmodified  particles,  or  through  water 
holding  the  purer  modified  colouring  matter 
in  suspension,  a  white  precipitate  and  colour- 
less fluid  were  obtained.  The  fluid  contains 
iron  in  the  above  proportion,  which  was  sepa- 
rated by  ammonia,  redissolved  in  muriatic 
add,  and  drawn  down  again  with  carbonate 
of  soda. 

Dr  Engelhart  concludes,  that  the  colour 
of  the  blood  is  owing  to  iron  in  some  state 
of  combination. 

No  good  explanation  has  yet  been  given  of 
the  change  of  colour  which  blood  undergoes 
from  exposure  to  oxygen,  and  other  gases. 
Under  the  exhausted  receiver,  carbonic  add 
gas  is  disengaged  from  it.  The  blood  of  the 
foetus  is  darker-coloured  than  that  of  the 
adult ;  it  has  no  fibrine,  and  no  phosphoric 
add.  The  huffy  coat  of  inflamed  blood  is 
fibrine;  from  which  the  colouring  matter  has 
precipitated  by  the  greater  liquidity  or  slow- 
ness of  coagulation  produced  by  the  disease. 
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.The  serum  of  such  blood  -does  not  yield  con- 
sistent albumen  by  heat.  In  diabetes  melli- 
tosi  when  the  urine  of  the  patient  b  loaded 
with  sugar,  the  serum  of  the  blood  assumes 
•the  appearance  of  whey,  according  to  Drs 
RoUo  and  Dobson ;  but  Dr  WolUiston  has 
proved  that  it  contains  no  sugar. 

Dr  Carbonel  of  Barcelona  has  employed 
serum  of  blood  on  an  extensive  scale  in 
painting.  Mixed  with  powdered  quicklime 
or  slaked  lime,  to  a  proper  consistence,  it  is 
easily  applied  on  wood,  to  which  it  thus  gives 
a  coating  of  a  stone  colour,  that  dries  quickly, 
without  any  bad  smell,  and  resists  the  action 
of  sun  and  rain.  The  wood  should  be  first 
-covered  with  a  coating  of  plaster ;  the  compo- 
sition must  be  mixed  as  it  is  used  ;  and  the 
serum  must  not  be  stale.  It  may  be  used  too 
aaa  cement  for  water-pipes,  and  for  stones  in 
building  under  water. 

BLOODSTONE.     See  Calcedony. 
.  BLOWPIPE.     This  simple  instrument 
■will  be  described  under  the  article  Laboha- 

TORY. 

We  shall  here  present  our  readers  first  with 
an  abstract  of  Assessor  Gahn*s  late  valuable 
treatise  on  the  common  blowpipe,  and  shall 
afterwards  give  an  account  of  Dr  Clarke's 
very  interesting  experiments  with  the  oxyhj^ 
drogen  blowpipe. 

The  substance  to  be  submitted  to  the  ac- 
tion of  the  blowpipe  must  be  placed  on  a  piece 
of  charcoal,  or  in  a  snudl  spoon  of  platina, 
gold,  or  silver ;  or,  according  to  Saussure^  a 
plate  of  cyanite  may  sometimes  be  used. 
Charcaal  from  the  pine  is  to  be  preferred, 
wfaidi  should  be  well  ignited  and  dried  that 
it  may  not  crack,  llie  sides,  not  the  ends, 
of  the  fibres  must  be  used ;  otherwise  the 
substance  to  be  fused  spreads  about,  and  a 
round  bead  will  not  be  formed.  A  small 
hole  is  to  be  made  in  the  charcoal,  which  is 
best  done  by  a  slip  of  plate  iron  bent  longi- 
tudinally. Into  this  hole  the  substance  to 
be  examined  must  be  put  in  very  small  quan- 
tity :  if  a  very  intense  heat  is  to  be  used,  it 
should  not  exceed  the  siie  of  half  a  pepper- 
corn. 

Hie  metallic  spoons  are  used  when  the 
substance  to  be  examined  is  intended  to  be 
exposed  to  the  action  of  heat  only,  and  might 
undergo  some  change  by  immediate  contact 
vritb  the  charcoal.  When  the  spoon  is  used, 
the  flame  of  the  blowpipe  should  be  directed 
to  that  pert  of  it  which  contains  the  sub- 
•  stance  under  examination,  and  not  be  imme- 
diately applied  to  the  substance  itself.  Hie 
handle  of  the  spoon  may  be  inserted  into  a 
piece  of  charcoal ;  and  if  a  very  intense  heat 
b  required,  the  bowl  of  the  spoon  may  be 
adapted  to  a  hole  in  the  charcoal  Small 
portions  may  be  taken  up  by  i^tina  forceps. 
Salts  and  volatile  substances  are  to  be  heated 
in  a  glass  tube  closed  at  one  end,  and  enUug- 


ed  according  to  circumstances,  so  as  to  form 
a  small  matrass. 

When  the  alteration  which  the  substance 
undergoes  by  the  mere  action  of  heat  has 
been  observed,  it  will  be  necessary  ta>  cx»> 
mine  what  further  change  takes  place  when 
it  is  melted  with  various  fluxes,  and  bow  far 
it  b  capable  of  reduction  to  the  metallic 
state. 

Tliese  fluxes  ar»^ 

1.  Microcosmic  salt;  a  compound  of  phos- 
phoric acid,  soda,  and  ammonia. 

2»  Subcarbonate  of  soda,  which  must  be 
free  from  all  impurity,  and  especially  finom 
sulphuric  add,  as  tfab  will  be  decomposed, 
and  sulphuret  of  soda  will  be  formed,  which 
will  dissolve  the  metab  we  wish  to  reduce, 
and  produce  a  bead  of  coloured  i^ass  with 
substances  that  ¥rould  otherwise  give  a  co- 
lourless one. 

3.  Borax,  which  should  be  first  freed  fimn 
its  water  of  crystallisation. 

These  are  kept  powdered  in  small  phiab ; 
and  when  used,  a  sufficient  quantity  may  be 
taken  up  by  the  mobtened  point  of  a  knife : 
the  mobture  causes  the  particles  to  cohere^ 
and  prevents  their  being  blown  away  when 
placed  on  the  charcoaL  Hie  flux  must  then 
be  melted  to  a  clear  bead,  and  4he  substvioe 
to  be  examined  placed  upon  it.  It  b  then 
to  be  submitted  to  the  action,  first  of  the  ex- 
terior, and  afterwards  of  the  interior  flame, 
and  the  following  circumstances  to  be  care- 
fully observed  :— 

1.  Whether  the  substance  b  dissolved; 
and  if  so, 

2.  Whether  with,  or  without  effervescence^ 
which  would  be  occasioned  by  the  libenuion 
of  carbonic  add,  sulphurous  add*  oxygen, 
gaseous  oxide  of  carbon,  &c. 

3»  The  transparency  and  colour  of  the 
glass  while  cooiiiig. 

4.  The  same  circumstances  after  cooling. 

5.  The  nature  of  the  glass  formed  by  the 
exterior  ^taae,  and 

6.  By  the  interior  flame. 

7.  The  various  relations  to  each  of  the 
fliuxes. 

It  must  be  observed,  that  soda  will  not 
form  a  bead  on  charcoal,  but  with  a  certain 
degree  of  heat  will  be  absoibed.  When, 
therefore^  a  substance  b  to  be  fused  with  soda, 
this  flux  must  be  added  in  very  small  quan- 
tities, and  a  very  moderate  heat  used  at  firsts 
by  which  means  a  combination  vriil  take 
place,  and  the  soda  will  not  be  absorbed.  If 
too.  laige  a  quantity  of  soda  has  been  added 
at  first,  and  it  has  consequently  been  absorb- 
ed, a  more  intense  heat  will  cause  it  to  re- 
turn to  the  sinface  of  the  charcoal,  and  it 
will  then  enter  into  combination. 

Some  minerab  combine  .readily  with  only 
very  small  portions  of  soda,  but  melt  with  dif- 
ficulty  if  more  be  added,  and  are  absolutdy 
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uiftittble  with  a  larger  qiuuitity :  and  when 

the  substance  has  no  affinity  for  this  flux,  it  Riiaiions  of  th§  Earlht  and  Metallic  Oxides 

is  absorbed  by  the  charcoal,  and  no  combi-  before  the  BUnopijte* 

nation  ensues. 

When  the  mineial  or  the  soda  contains  L  the  earths. 
sulphur  or  sulphuric  add,  the  glass  acquires 

a  deep  yellow  colour,  which,  by  the  light  of  Baryta,  when  containing  water,  melts  and 

a  lamp,  appears  red,  and  as  if  produced  by  spreads  on  the  charcoal.     Combined  with 

copper.  sulphuric  acid,  it  is  <x>nverted,  in  the  interior 

If  the  glass  bead  becomes  opaque  as  it  flame^  into  a  sulphuret,  and  is  absorbed  by  the 

cools,  so  as  to  render  the  colour  indistinct,  it  charcoal,  with  effenrescenoe,  which  continues 

should  be  broken,  andapartof  it  mixed  with  as  long  as  it  is  exposed  to  the  action  of  the 

more  of  the  flux,  tmtil  the  colour  becomes  instrument. 

more  pure  and  distinct  To  render  the  colour  Strontia,     If  combined  with  carbonic  acid, 

more  perceptible^  the  bead  may  be  either  and  held  in  small  thin  plates  witii  platina  for- 

compressed  before  it  cools,  or  drawn  out  to  ceps  in  the  interior  flame,  the  carbonic  acid  is 

a  thread.  driven  off;  and  on  the  side  of  the  plate  far- 

When  it  is  intended  to  oxidate  more  high-  thest  from  the  lamp  a  red  flame  is  seen,  som&> 

ly  a  metallic  oxide  contained  in  a  vitrifled  times  edged  with  green,  and  scarcely  pcrcep- 

compound  with  any  of  the  fluxes,  the  glass  t^Ie  but  by  the  flame  of  a  lamp.     Sulphate 

ifl  first  heated  by  a  strong  flame,  and  when  of  strontia  is  reduced  in  the  interior  flame  to 

melted  is  to  be  gradually  withdrawn  from  a  sulphuret     Dissolve  this  in  a  drop  of  mu- 

the  point  of  the  blue  flame.     This  operation  riadc  acid,  add  a  drop  of  alcohol,  and  dip  a 

may  be  repeated  several  times,  permittiog  small  bit  of  stick  in  the  solution ;  it  will  bum 

the  glass  sometimes  to  cool,  and  using  a  jet  with  a  fine  red  flame. 

of  large  aperture  with  the  blowpipe.  Idme*     Hie  carbonate  is  easily  rendered 

The  reduction  of  metals  is  effected  in  tlie  caustic  by  heat ;  it  evolves  heat  on  being 

Ibliowing  manner :— The  glass  bead,  formed  moistened,  and  is  afterwards  infusible  before 

after  the  manner  already  pointed  out,  is  to  be  the  blowpipe.     The  sulphate  is  easily  reduced 

kept  in  a  state  of  fusion  on  the  charcoal  as  to'sulphuret,  and  possesses,  besides,  the  pro- 

ioi^  as  it  remains  on  the  surface,  and  is  not  perty  of  combining  with  fluor  at  a  modmite 

absorbed,  that  the  metallic  particles  may  coU  hea^  forming  it  clear  glass.    The  fluor  should 

leet  themselves  into  a  globule.     It  is  then  to  be  rather  in  excess. 

^  fused  with  an  additional  quantity  of  soda.  Magnesia  produces,  like  the  strontia,  an 

svhich  will  be  absorbed  by  the  charcoal,  and  intense  brightness  in  the  flame  of  the  blow- 

-the  spot  where  the  absorption  has  taken  place  pipe.    A  drop  of  solution  of  cobalt  being  add- 

is  to  be  strongly  ignited  by  a  tube  with  a  small  «d  to  it,  and  it  being  then  dried  and  strongly 

aperture.     By  continuing  this  ignition,  the  ignited,  a  faint  reddish  colour  like  flesh  is 

portion  of  metal  which  was  not  previously  produced,  which,  however,  is  scarcely  visible 

reduced  will  now  be  brought  to  a  metallic  by  the  light  of  a  lamp.     And  magnesia  may 

state;  and  the  process  may  be  assisted  by  by  this  process  be  detected  in  compound 

placing  the  bead  in  a  smoky  flame,  so  as  to  bodies,  if  they  do  not  contain  mudi  metallic 

cover  it  with  soot  that  is  not  easily  blown  off.  matter,  or  a  proportion  of  alumina  exceeding 

Hie  greatest  part  of  the  beads  which  con-'  the  magnesia.     Some  inference  as  to  the 

tain  metals  are  frequently  covered  with  a  me-  quantity  of  the  magnesia  may  be  drawn  from 

tallic  splendour,  wMch  is  most  easily  produced  the  intensity  of  the  colour  produced. 

by  a  gentle,  fluttering,  smoky  flame,  when  All  these  alkaline  earths,  when  pure,  are 

the  more  intense  heat  has  ceased.     With  a  readily  fusible  in  combination  with  the  fluxes 

inodeFBte  heat  the  metallic  surface  remains ;  into  a  clear  colourless  glass,  without  efferves- 

and  by  a  little  practice  it  may  generally  be  cence ;  but  on  adding  a  ftirther  quantity  of 

known  whether  the  substance  under  exami-  the  earth,  the  glass  becomes  opaque, 

nation  contains  a  metal  or  not     But  it  must  Alumina  combines  mora  slowly  with  the 

be  observed,  that  the  glass  of  borax  some-  fluxes  than  the  preceding  earths  do,  and 

times  assumes  externally  a  metallic  splen-  forms  a  clear  glass,  which  does  not  become 

dour.  opaque.     But  the  most  striking  character  of 

When  the  charcoal  is  cold,  that  part  im-  alumina  is  the  bright  blue  colour  it  acquires 
pregnated  with  the  fused  mass  should  be  taken  ftom  the  addition  of  a  drop  of  nitrate  of  co- 
out  with  a  knife,  and  ground  with  distilled  bait,  after  having  been  dried  and  ignited  fin- 
water  in  a  crystal,  or,  what  is  much  better,  some  time.  And  its  presence  may  be  de- 
an agate  mortar.  The  soda  will  be  dissolved ;  tected  in  this  manner  in  compound  minerals, 
the  charcoal  will  float,  and  may  be  poured  off;  where  the  metallic  substances  are  not  in  great 
and  the  metallic  particles  will  remain  in  the  proportion,  or  the  quantity  of  magnesia  laige. 
water,  and  may  be  examined.  In  this  man-  Alumina  may  be  thus  detected  in  the  agal- 
ner  most  of  the  metals  may  be  reduced.  matolite. 
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u.  THE  METAixic  OXIDES.  TuftgtUc  Add  becooieB,  upon  the  cbaicoalf 

at  first  brownish-yellow,  is  then  reduced  to  a 

Arsenic  flies  off  accompanied  by  its  cha-  brown  oxide,  and  lastly  becomes  black  with- 

racteristic  smell,  resembling  garlic.     When  out  melting  or  smoking.     Witli  microcotmic 

larger  pieces  of  white  arsenic  are  heated  on  a  talt  it  forms  in  the  interior  flame  a  pure  blue 

piece  of  ignited  charcoal,  no  smell  is  per-  glass,  without  any  violet  tinge;  in  the  er- 

ceived.     To  produce  thb  effect  the  white  lerior  flame  this  colour  disappears,  and  re* 

oxide  must  be  reduced,  by  being  mixed  with  appears  again  in  the  titlmor.     With  Inrrax,  in 

powdered  charcoal.     If  arsenic  is  held  in  so-  the  internal  flame,  and  in  small  proportions, 

lution,  it  may  be  discovered  by  dipping  into  it  forms  a  colourless  glass,  which,  by  increas- 

the  solution  a  piece  of  pure  and  well  burned  ing  the  proportion  of  the  add,  becomes  dirty 

charcoal,  which  is  afterwards  to  be  dried  and  gfey,  and  then  reddish.     By  long  exposure 

ignited.  to  the  external  flame  it  becomes  transparent, 

Chrome,  its  green  oxide,  the  form  in  which  but  as  it  cools  it  becomes  muddy,  whitish,  and 

it  most  commonly  occurs,  and  to  which  it  is  changeable  into  red  when  seen  by  day-light 

reduced  by  heating  in  the  common  air,  ex-  It  is  not  reduced. 

hibits  the  following  properties :  It  is  fusible  Oxide  of  Tantalum  undergoes  no  change 
with  microcosmic  salt,  in  the  interior  flame,  by  itself,  but  is  readily  fused  with  $nicroco&- 
into  a  glass  which,  at  the  instant  of  its  re-  mic  toll  and  with  borax  into  a  clear  colour- 
moval  from  the  flame^  is  of  a  violet  hue»  ap-  less  glass,  from  which  the  oxide  may  be  pre- 
proaching  more  to  the  dark  blue  or  red,  ac-  cipitated  by  heating  and  cooling  it  alternate- 
cording  to  the  proportion  of  chrome.  After  ]y.  Hie  glass  then  becomes  opaque,  and  the 
cooling,  the  glass  is  bluish-green,  but  less  oxide  is  not  reduced. 

blue  than  the  copper  glass.     In  the  exterior  Oxu/f  o^  7\toitnim  becomes  yellowish  when 

flame  tlie  colour  becomes  brighter,  and  less  ignited  in  a  spoon,  and  upon  charcoal  dark 

blue,  than  the  former.     With  borax  it  forms  brown.     With  microcotmic  salt  it  gives  in 

a  bright  yellowish  or  yellow-red  glass,  in  the  the  interior  flame  a  fine  violet^Colour^  gUMi» 

exterior  flame ;  and  in  the  interior  flwne  this  with  more  of  blue  than  that  from  manganesew 

becomes  darker  and  greener,  or  bluish-green.  In  the  exterior  flame  this  colour  disappears. 

The  reduction  with  soda  has  not  been  ex-  With  borax  it  gives  a  dirty  hyadntli  colour, 

amined.  Its  combinations  with  soda  have  not  been 

Molybdic  Acid  melts  by  itself  upon   the  examined, 

charcoal  with  ebullition,  and  is  absorbed.     In  Oxide  of  Cerium  becomes  red-brown  when 

a  platina  spoon  it  emits  white  fumes,  and  is  ignited.     When  the  proportion  is  small,  it 

reduced  in  the  interior  flame  to  molybdous  forms  with  the  fluxes  a  clear  colouriess  glass, 

acid,  which  is  blue ;  but  in  the  exterior  flame  which,  by  increasing  the  proportion  of  oxid^ 

it  is  again  oxidated,  and  becomes  white,  becomes  yellowish-green  while  hot     With 

With  microcosmic  salt,  in  the  exterior  flame,  a  microcosmic  salt,  if  heated  a  long  time  in  the 

small  proportion  of  the  acid  gives  a  green  tn/irma/ flame,  it  gives  a  dear  colourless  gbtts. 

glass,  which,  by  gradual  additions  of  the  add.  With  borax,  under  similar  drcumstances,  it 

passesthrough  yellow-green  to  reddish,  brown-  gives  a  faint  yellow-green  glass  while  warniy 

ish,  and  hyadnth-brown,  with  a  slight  tinge  but  colouriess  when  oold.    Exposed  again  for 

of  green.     In  the  interior  flame  the  colour  some  time  to  the  external  flame,  it  becomes 

passes  from  yellow-green,   through  yellow-  reddish-yellow ;  which  colour  it  partly  retains 

brown  and  brown-red,  to  black;   and  if  the  when  cold.     If  two  transparent  beads  of  the 

proportion  of  acid  be  large,  it  acquires  a  me-  compound  with  microcosmic  salt  and  with 

tallic  lustre,  like  the  sulphuret,  which  some-  borax  be  fused  together,  the  triple  compound 

times  remains  after  the  glass  has  cooled,  becomes  opaque  and  white.     Flies  off  by  re- 

Molybdic  add  is  but  little  dissolved  by  borax^  duction. 

In  the  exterior  flame  the  glass  acquires  a  Oxide  of  Uranium^  The  ydlow  oxide  by 
grey-yellow  colour.  In  the  interior  flame,  ignition  becomes  green  or  greenish-brown, 
a  quantity  of  black  particles  is  predpitated  With  microcosmic  salt  in  the  interior  flame, 
£rom  the  clear  glass,  and  leaves  it  almost  co-  it  forms  a  clear  yellow  glass,  the  colour  of 
lourless  when  the  quantity  of  molybdenum  is  which  becomes  more  intense  when  cold.  If 
small,  and  blackish  when  the  proportion  is  long  exposed  to  the  exterior  flame,  and  fre- 
larger.  If  to  a  glass  formed  of  this  add  and  quently  cooled,  it  gives  a  pale  yellowish  red- 
microcosmic  salt  a  little  borax  be  added,  and  brown  glass,  which  becomes  greenish  as  it 
the  mixture  fused  in  the  exterior  flame,  the  cools.  With  borax,  in  the  interior  flam^  a 
colour  becomes  instantly  reddish-brown ;  in  clear,  colourless,  or  faintly  green  glass,  is 
the  interior  flame  the  black  particles  are  also  formed,  containing  black  particles,  which 
separated,  but  in  smaller  quantity.  By  long  appear  to  be  the  metal  in  its  lowest  state  of 
continued  heat  the  colour  of  the  glass  is  di-  oxidation.  In  the.  exterior  flame  this  Mack 
minished,  and  it  appears  yellower  by  the  light  matter  is  dissolved,  if  the  quantity  be  not  too 
of  a  lamp  than  by  day-light  This  add  is  not  great,  and  the  glass  becomes  bright  yellow- 
reduced  by  soda  in  the  interior  flame.  ish-green,  and  after  furtlier  oxidation  ydlow- 
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ish-browii.  If  brought  again  into  the  tiilf- 
rtor  flames  the  colour  gradually  changes  to 
green,  and  the  black  matter  is  again  preci- 
pitated, but  no  further  reduction  takes  place. 

Oxide  of  Manganese  gives  with  mierocos- 
mic  tatt,  in  the  exterior  flame,  a  fine  amethyst 
colour,  which  disappears  in  the  interior  flame. 
Witli  borax  it  gives  a  yeUowish  hyacinth- red 
glass. 

When  the  manganese,  from  its  combine- 
lion  with  iron,  or  any  other  causey  does  not 
produce  a  sufficiently  intense  colour  in  the 
glass,  a  little  nitre  may  be  added  to  it  while 
in  a  state  of  fusion,  and  the  glass  then  be- 
comes dark  violet  while  hot,  and  reddish- 
violet  when  cool :  is  not  reduced. 

Oxide  of  Tellurmm',  when  gently  heated, 
becomes  farst  yellow,  then  li^t  red,  and  af- 
terwards black.  It  melts  and  is  absorbed 
by  the  charcoal,  and  is  reduced  with  a  slight 
detonation,  a  greenish  flame,  and  a  smell  of 
bone-rsdish.  Microcoemic  sail  dissolves  it 
without  being  coloured. 

Oxide  of  Antimony  is  partly  reduced  in  the 
exterior  flame,  and  spreads  a  white  smoke  on 
the  charooal.  In  the  interior  flame  it  is 
readily  reduced  by  itself,  and  with  soda. 
With  microcosmic  salt  and  with  borax  it 
forms  a  hyadntb-coloured  glass.  Metallic 
antimony,  when  ignited  on  charcoal,  and  re- 
Bsaining  untouched,  becomes  covered  with 
radiating  adcular  crystals  of  white  oxide. 
Sulphuret  of  antimony  melts  on  charcoal,  and 
is  absoibed. 

Oxide  of  Bismuth  melts  readily  in  a  spoon 
to  a  brown  glass,  which  becomes  brighter  as 
it  cools.  With  microcosmic  salt  it  forms  a 
ipey-yellow  g^ass,  which  loses  its  transpa- 
rency, and  becomes  pale,  when  cool.  Add 
a  further  proportion  of  oxide,  and  it  becomes 
opaque.  With  borax  it  forms  a  grey  glass, 
which  decrepitates  in  the  wlsrtor  flame,  and 
the  metal  is  reduced  and  volatilized.  It  is 
most  readily  reduced  by  itself  on  dmrcoal. 

Oxide  tfxmc  becomes  yellow  when  heated, 
but  whitens  as  it  cools.  A  small  proportion 
Ibrms  with  microcosmic  salt  and  with  borax  a 
clear  glass,  which  becomes  opaque  on  increas- 
ing the  quantity  of  oxide.  A  drc^  of  nitrate 
of  cobalt  being  added  to  the  oxide,  and  dried 
and  ignited,  it  becomes  green*  With  soda  in 
the  interior  flame  it  is  reduced,  and  bums 
with  its  characteristic  flame,  depositing  its 
oxide  upon  the  charcoaL  By  this  process  sine 
may  be  easily  detected  even  in  the  automolite. 
Mixed  with  oxide  of  copper,  and  reduced,  the 
sioc  will  be  fixed,  and  brass  be  obtained.  But 
one  of  the  most  unequivocal  characters  of  the 
oxide  of  zinc  is  to  lUssolve  it  in  vinegar,  eva- 
porate the  solution  to  dryness,  and  expose  it 
to  the  flame  of  a  lamp,  when  it  will  burn  with 
its  peculiar  flame. 

Oxide  of  Iron,  produces  with  mierocosmie 
salt  or  borax  in  the  exterior  flame^  when  cold, 
a  yellovirish  glass,  which  is  blood-red  while 


hot  The  protoxide  forms  with  these  flaxes 
a  green  gUtts,  which,  by  increasing  the  pro- 
portion of  the  metal,  passes  through  bottle, 
green  to  black  and  opaque.  The  glass  from 
the  oxide  becomes  green  in  the  interim  flame, 
and  is  reduced  to  protoxide,  and  becomes 
attractible  by  the  magnet.  When  placed  on 
the  wick  of  a  candle,  it  burns  with  the  crack- 
ling noise  peculiar  to  iron. 

Oxide  of  Cobalt  becomes^  bhck  in  the  €»- 
terior,  and  grey  in  the  interior  flame.  A 
small  proportion  forms  with  microcoemie  salt 
and  with  borax  a  blue  glass,  that  with  borax 
being  the  deepest  By  transmitted  light  the 
glass  is  reddish.  By  farther  additions  of  the 
oxide  it  passes  through  dark  blue  to  black. 
The  metid  may  be  precipitated  from  the  dark 
blue  glass,  by  inserting  a  steel  wire  into  the 
mass  while  in  fusion.  It  is  malleable  if  the 
oxide  has  been  free  from  arsenic,  and  may 
be  collected  by  the  magnet;  and  is  distin- 
guished from  iron  by  the  absence  of  any 
crackling  sound  when  placed  on  the  wick  of 
a  candle. 

Oxide  of  Nickel  becomes  black  at  the  ex- 
tremity of  the  exterior  flame,  and  in  the  inte^ 
rior  greenish-grey.  It  is  dissolved  readily, 
and  in  large  quantity,  by  microcosmic  salt. 
The  glass,  while  hot,  is  a  dirty  dn-k  red, 
which  becomes  paler  and  yellowish  as  it 
cools.  After  the  glass  has  cooled,  it  requires 
a  large  addition  of  the  oxide  to  produce  a 
distinct  change  of  colour.  It  is  nearly  the 
same  in  the  exterior  and  interior  flame,  being 
slightly  reddish  in  the  latter.  Nitre  added 
to  the  bead  makes  it  froth ;  and  it  becomes 
red-brown  at  first,  and  afterwards  paler.  It 
is  easily  fusible  with  borax,  and  the  colour 
resembles  the  preceding.  When  this  glass 
is  long  exposed  to  a  high  degree  of  heat  in 
the  interior  flame,  it  passes  from  reddish  to 
blackish  and  opaque ;  then  blackish-grey,  and 
translucent;  then  paler  reddish-grey,  and 
clearer;  and,  htttly,  transparent;  and  the 
metal  is  precipitated  in  small  white  metallic 
globules.  The  red  colour  seems  here  to  be 
produced  by  the  entire  fusion  or  solution  of 
the  oxide,  the  black  by  indpient  reduction, 
and  the  grey  by  the  minute  metallic  par- 
tides  before  they  combine  and  form  small 
globules.  When  a  little  soda  is  added  to 
the  glass  formed  with  borax,  the  reduction 
is  more  easily  eflTected,  and  the  metal  collects 
itself  into  one  single  globule.  When  this 
oxide  contains  iron,  the  glass  retains  its  own 
colour  while  hot,  but  assumes  that  of  the 
iron  as  it  cools. 

Ojnde  qf'  Tin,  in  form  of  hydrate^  and  in 
its  highest  degree  of  purity,  becomes  yellow 
when  heated,  then  red,  and  when  approach* 
ing  to  ignition,  black.  If  iron  or  lead  be 
mixed  with  it,  the  colour  is  dark  brown 
when  heated.  These  colours  become  yel- 
lowish as  the  substance  cools.  Upon  char- 
coal, in  the  interior  flame,  it  becomes  and 
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etmUnoefl  >vliite;  and,  if  orighudlj  white 
and  free  from  water,  it  undergoes  no  diange 
of  colour  by  heating.  It  is  rery  easily  re- 
duced without  addition,  but  the  reduction  is 
promoted  by  adding  a  drop  of  solution  of 
■oda  or  potash. 

Oxide  of  Lead  melts,  and  is  very  quickly 
Kduced,  either  without  any  addition,  or  when 
fused  with  microcosmic  salt  or  borax.  Hie 
glass  not  reduced  is  black. 

Oiide  of  Copper  is  not  altered  by  the  ex- 
terior flame,  but  becomes  protoxide  in  the 
interior.  With  bodi  mderoonmie  soft  and 
honu  it  forms  a  yellow-green  glass  while 
hot,  but  which  becomes  Mue-green  as  it 
cools.  When  strongly  heated  in  the  interior 
^lame,  it  loses  its  colour,  and  the  metal  is 
reduced.  If  the  quantity  of  oxide  is  so 
small  that  the  green  colour  is  not  preceptible, 
its  presence  may  be  detected  by  the  addition 
of  a  little  tin,  which  occasions  a  reduction 
of  the  oxide  to  protoxide,  and  produces  an 
opaque  red  glass.     If  the  oxide  has  been 


friaed  wkb  borax,  this  cokmr  Is  kmger  pre- 
served ;  but  if  with  microcosmic  salt,  it  soon 
disappears  by  a  continuance  of  beat. 

The  copper  may  dso  be  predpitatcd  upon 
iron,  but  tibe  glass  must  be  first  satnrsted 
with  iron.  Alkalb  or  lime  promote  ^i^ 
predpitalion.  If  the  glass  containing  copper 
be  exposed  to  a  smoky  flames  the  copper  is 
superficially  reduced,  and  the  glass  corered 
whUe  hot  with  an  iridescent  -pellicle^  whidi 
is  not  always  permanent  after  coding.  It 
is  ^ery  easily  reduced  by  soda.  Salts  of 
copper,  when  heated  before  the  blowpipe, 
give  a  fine  green  flame. 

(hide  of 'Mercury  before  the  blowpipe 
becomes  Mack,  and  is  entirdy  Tolatilized. 
In  this  manner  its  adulteration  may  be  dis- 
covered. 

The  other  metals  may  be  reduced  by 
themselves,  and  may  be  known  by  their  own 
peculiar  <:hanurters.-r-Spe  Benetiu*  on  the 
Blowpipe^  at  trandated  by  Mr  Children. 


The  JbUatxdng  valuable  Synoptic  Table  ofiheprindjHd  Characters  of  the 
Earths  and  Metallic  Oxides^  before  the  Blowpipe^  is  extracted  Jrom  that 
valuable  work. 

Abbbeyiahons. — O.  F.  oxidating  flame ;  R.  J?,  reducing  i^ame ;  s=s  parts,  equal  parts  of 
the  assay  and  flux ;  N.  C.  nitrate  of  cobalt ;  FL  flaming ;  C.  under  the  column  of  either 
of  the  fluxes,  means  that  thesupport  is  charcoal ;  P.  F.  platinum  foil ;  P.  W.  platinum 

wire ;  a  brace   )  refers  to  the  substances  in  the  first  column  only,  and  includes  all  those 

which  are  contained  in  the  space  it  comprehends. 


Assay. 


Alkalis 
Baryta 

Hydrate .. 

Carbonate" 


Strontia 

Hydrate.,* 
Carbonate,. 


lime  ......... 

Carbonate. 


Magnesia 

Alumina ^ 

Glucioa. 

Yttria 

Ziroonia 

SUica 

Molybdic  Add 


{ 


Tungstic  Add 

Oxide  of  Chronie.. 


PLATINA. 


Hbatxd  alqne  on 


Invisible. 

Bubbles  up  and  fuses. 

Fuses  readily  into  a  clear  glass 
enamel  white  on  cooling. 

Infusible. 

Like  Baryta. 

Fuses  widi  moderate  heat  at  tiie 

j  surfiu:e,  great  brilliancy;  tinges 
strong  R.F.  red;  becomes  al- 
kaline. 

No  change. 

Becomes  caustic  and  alkaline; 
emits  brilliant  white  Hght. 

No  change. 

No  change. 

No  change. 

No  change. 

Infusible ;  emits  intense  light. 

No  change. 

F.  ftimes  and  fuses;  brown  yd- 
low  on  cooling ;  in  R.F.  blue ; 
intense  heat,  brown. 

R.F.  bladtens,  but  not  reduced. 

No  cfaaiqpe. 


Chabcoal. 


Infusible. 

Is  absorbed. 

Becomes  caustic,  and  is  absoibed. 

Infusible. 


No  change. 
No  duuige. 
No  change. 
No  change. 

Infusible ;  emits  intense  light. 
No  change. 
Fuses,  and  isabsoibed,  and  partly 
reduced. 

The  same. 
The  same. 
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Assay. 

Heated  alone  on                                  | 

Platdta. 

Chaboqal. 

Fuses  readily ;  white  fumes,  which 
condense  into  pearly  crystals. 

Oxide  qf  Antimony: . 

I^nes  readily,  and  sabHrnes  in 

Fuses  readily,  and  reduces;  co- 

white fumes ;  precipitated  ox- 

lours the  flame  greenish. 

ide  bums  like  tinder  into  an- 

.  timonious  acid. 

Aniimonious  Add..,* 

Does  not  ftoe,  ncr  reduce ;  gives 
a  bright  light 

Aniimonic  Acid. 

nious  add. 

Oxide  of  TeHurium 

F.  fuses  and  fumes. 

Fuses,  effervesces,  and  reduces. 

Oxide  of  Columbium... 

No  change. 

The  same. 

Oxide  of  Titenium 

No  change. 

Oxides  of  Uranium 

Peroxide     becomes    protoxide ; 

. 

blackens,  but  does  not  fuse. 

Oxides  of  Cerium 

Protoxide  becomes  peroxides 

Peroxide  does  not  altec 

Oxide  of  .Mgnganeae ... 

Not  fused ;  becomes  brown  in  a 
strong  heat 

Oxide  of  Zinc*... 

Yellow  while  hot;  white  when 
cold ;  does  not  fuse,  but  gives 

out  great  light  when  very  hot. 

and  white  fumes,  which  con^ 

dense  like  wooL 

Oxide  of  Qidmiimi. 

F.  no  change. 

Soon  dissipates ;  leaves  a  red  on 
orange-yeUow  powder  on  the 
charoDal 

Oxide  of  Iron.. 

O.F.  no  change. 

R.  F.  blackens,  and  becomes  mag- 
netic. 

Oxide  of  Cobalt. 

No  change. 

The  same. 

Oxide  of  Nirkpl. 

No  change. 

Tlie  same. 

Bismuth 

Flies  off  in  fumes,  and  leaves  a 

mark  with  red  or  orange  edges, 

which    may  be  dissipated  in 

R.F.  without  giving  colour  to 

the  flame. 

OndeoJBitHnah 

F.  fuses  readily,  mass  dark  browB, 
yell<|wiah  on  cooUng.    In  very 
intense  heat  reduces,  and  per- 

Inrtantly reduced. 

forates  the  foil. 

f 

Oxides  of  Tin 

Protoxide  takes  fire,  and  bums 

ILF.  peroxide  does  not  fuse,  but 
reduces  in  a  strong  prolonged 

^^^  ^KA^H^i^V    *^  A       ^M  A^a  VVvVVVVVSwVW 

like  tinder  into  peroxide. 

heat 

Oxide  of  Lead.. 

Minium  becomes  black  while  hot : 

Orange  glass;  reduces  into  a  glo- 
bule of  lead. 

^^F^bAwB«#    ^F*       ^*«*»*»**W VVVWVVVVV 

at  incipient  redness,  changes  to 

yiellow  oxids^  fusible  inta  of* 

. 

ange-coloured  glass. 

Oxide  of  CkiPiier......... 

O.F.  black  globule;  flows  over 
the  charcoal,  under  surface  re- 

^1^ ^LMtSM^f  ^0^       ^^^^  P' fc*^*"  •••••»••• 

duces. 

R.  F.  reduces ;  with  strong  heat 

Mercury 

Oxide  of  Silver 

gives  a  bead  of  metaL 

Instantly  reduced. 

Instantly  reduced. 

Gold 

Platina 

Iridium 

Rhodium 

Palladium 
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Assay. 


Soda. 


Heated  with  Fluxes. 
Borax.  I 


Salt  op 
Phosphorus. 


Alkalis 


Baryta 

Hydrate.., 
Carbonate. 


Stiontia 

Hydrate.,, 
Carbonate, 


IJmt..,. , 

Carbonate 


^  Fuse,  and  are  ab- 
V     aorbed     by 
3      charcoal. 


No  action  on  caustic 
strontia. 

ss  parts,  fuses  into  a 
clear  glass,  becomes 
milky  on  cooling: 
in  strong  heat,  bub- 
bles, and  absorbed 
by  the  charcoaL 

!No  sensible  quantity 
dissolved. 


Fuse  readily  with  ef- 
fervescence into  a 
tbe|^    '  clear  ^asq,  which 
becomes    opaque 
by  R 


\^ 


Like  Baryta. 


}As  with  borax,  but 
foam  and  in^ 
tumesce;  end  in 
a  clear  glass. 

Ditto. 


Magnesia, 

Alumina.. 
Glucina... 


No  action. 


Swells  up;   forms  an 

infusible  compound. 

No  action. 


Qear  glass ;  opaque 
by  FL 

Fuses  with  effer- 
vescence; with  more 
carbonate  clear  glass; 
crystallises  on  cool- 
ing. 

Like  lime. 


Yttria... 
Zirconia 


SiUca. 


Mcdybdic  Acid.. ..., 


Tungstic  Acid < 


Oxide  of  Chrome.. ...... 


Antimony 

(Mde  of  AnHmony,. 


Like  Gludna. 
Similar  to  Gludna. 

Fuses  with  brisk  effer- 
vescence; clear  glass. 


Fuses  slowly ;  perma- 
nently clear  glass. 

Clear  glass,  with 
large  proportion  of 
the  assay;  opaque 
by  Fl. 

Like  Glucina. 

Like  Gludna. 


Fuses  very  slowly;  per- 
manency clear  glass. 
P.W.effervesces;dear|P.  W.  dear  glass  in 

O.F. 


glass;    becomes 
milky  on  cooling. 
C.  fuses,  absorbed  and 
reduced. 


P.  W.  dark  ydlow 
glass,  crystallises  on 
cooling ;  opaque, 
white  or  yellowish. 

C  and  R.F.  reduced. 

P.W.  and  O.F.  dark 
orange  glass;  op- 
aque and  yellow  on 
cooling. 

R.  F.  opaque;  glass 
green  on  cooling. 

C.  absorbed,  but  not] 
reduced. 


clear  a 


P.  W.  fuses; 
colourless  glass,  be- 
comes white  on  cool- 
ing. 


Fuses  in  large  quan- 
tity ;  clear  glass.* 
Fuses   with    efferves- 


cence. 


Fuses  readily;  d 
glass ;  saturated  with 
magnesia,  opaque  on 
cooling. 

Permanently  dear 

gi-. 

As  with  borax. 


Like  Glucina. 
Like  Gludna,  but  dis- 
solves more  difficultly. 
Very  small  portion  disi 
solves ;  clear  glass. 
P.W.  and  in  O.  F. 
greenish  glass  while 
hot;  colourkssycold. 
C.  and  in  R.  F.  glasslln  R.  F.  becomes  op- 


becomes  dirty  brown, 
but  not  opaque. 


aqu^  dull  blue  while 

hot;  dear  and  €ne 

green  on  cooling. 

C.  same  phenomena. 

P.  W.  and  O.  F.  clterjO.F.  yellowish  gl 


lass   becomes 


Green  glass 
flames. 


in  both 


glass ;    not   opaque]  R.F.  fine  blue  glass. 

by  R 
R.F.   gli 

yellow. 
C.    fuses    difficultly; 

glass  emerald-green; 

on  P.W.  and  O.  F. 

the  colour  flies,  and 

glass  becomes  brown 

yellow ;  on  cooling, 

assumes  afaint  green 

tinge. 


dissolves  in  large 
quantity ;  glass  yd- 
lowish,  hot ;  almost 
colourless,  cold ;  if 


P.W.  and  O.F.  glass, 
yellowish  hot;  co- 
lour flies  on  cooling. 


blowpip;e. 


f»i 


BLOWPIPE. 


ASAY. 


jtfUimoniout  AatL 
Aniimonic  Acid. 
Oxide  of  TeUurium 


Soda. 


Heated  with  Fluxes. 

BOEAX.  I 


C«  ii  reduced. 


Oxide  of  Columbium... 


Oxide  of  Titanium. 


Oxides  of  Uranium. 


of  Cerium. 


Oxide  of  Manganese.... 


Oxide  of  Zinc. 


P.  W.  colouriess  glass ; 

white  on  cooling. 
C  reduced. 


Combines  with  effer* 
vescence,  but  not 
fused  or  reduced. 

Fuses  into  a  clear  dark 
yellow  glass ;  white 
or  grey-white  on 
cooling,  and  crys- 
tallises with  evolu- 
tion of  great  heat 

C.  not  reducible. 


Salt  OF 
PlBosraoacB. 


C  brown  yellow ;  not 
fused. 


C  not  fused,  soda  ab- 
sorbed ;  white  or 
grey-white  protox- 
ide remains  on  the 
surface. 


saturated,  part  re- 
duced and  sublimed; 
strong  R.F.  the  gla 
becomes  opaque  and 
greyish. 


P.  W.    clear    colour-  The  same. 

leas  glass ;  white  on 

cooling. 
C  becomes  grey  and 

opaque. 
Colourless,  dear  glass, 

becomes  opaque  by 

R 
P.  W.    fuses    easily ; 

glassycolourless ;  be- 
comes milk-white  by 

R 
R.  F.  glass  assumes  a 

dark    amethyst   co- 
lour,but  transparent 
In  large  quantity,  on 

C.  and  R.  F.  glass, 

dull  yellow;  when 

cold,  deep  blue. 
P.    W.    dark    yellow 

glass ;  in  R.  F.  be^ 


Fuses  easily ;  glass 
permanenUy  dear. 

O.F.  clear  colourless 
ghus. 

R.F.  and  on  C.  glass, 
yellowish  hot;  on 
cooling,  first  red, 
then  very  fine  bluish 
violet 


P.  W.  and  O.  F.  dear 
yellow  glass;  cold, 
comes  dirty  green.  I  straw-yellow,  slight- 
ly green. 

C  and  R.F.  fine  green 


P.  F.  fuses,  green  glass, 
dear;  cold,  bluish 
green. 

C  not  reduced. 


Oxide  of  Cadmium 


Oxide  of  Iran. 


C  not  fused,  but  re* 
duced  with  flame; 
white  fumes,  which 
cover  the  charcoal 

P.  W.  not  fused. 

C  reduced,  sublimes, 
and  leaves  a  circular 
yellowish  mark. 


C  absorbed  and 
duced ;  not  fused. 


colour,  gUus;  colour 
flies  in  R.  F. 


O.F.  fuses  easily, clear 
glass,  becomes  milky 
byR 

P.  W.  yellowish  glass, 
colour  flies  on  cool- 
ing; on  C.  ghns 
bubbles.  Cadmium 
reduced,  sublimes, 
and  leaves  yellow 
oxide. 

O.F.  dull  red  glass,  be- 
comes  clear  and  yel- 
lowish or  colourk 
by  cooling. 

C.  and  R.  F.  bottle- 
green  gbus,  or  bluish 
green. 


glass. 

O.  F.  fine  red  glass ; 

colourless  when  cold, 

and  quite  limpid. 


O.  F.  fin^  red,  or  deep 
orange  yellow  glass ; 
colour  flies  on  cool- 
ing ;  cold,  yellowish 
tint  Enamel  white 
by  R  In  R.  F. 
loses  its  colour. 

O.  F.   dear  amethyst  The  same,  but  colour 


not  so  deep.   In  fu- 
sion in  O.  F.  boils, 
and  gives  off  gas ;  in 
R.F.  fuses  quietly. 
Nearly  the  same. 


Dissolves  in  large 
quantity,dear  glass ; 
on  cooUnga  milk- 
white. 


Similar  to  borax. 


BLOWPIPE. 


BLOWPIPE. 


Assay. 


Soiu. 


Heated  with  Floxes. 

BOBAX. 


Salt  OF 

PHfMFHOaUB. 


Oxide  of  Cobalt.. 


Oxide  of  Nickel. 


P.  W.  pide  ltd,  by 
transmitted  light ; 
grejT)  cold. 

C  Absorbed  and  i«> 
duoed ;  lyA  fused. 


Fuses    readily,    deep 
blue  gli 


Bismuth 
Oxide  of  Bitmuth. 


O.  F.  orange-yellow, 
or  reddish  glass;  be- 
oxnes  yellow,  or 
nearly  colourless,  on 
cooling. 

O.  F.  colourless  glass. 
R.  F.  partly  reduced, 
muddy  greyish  glass. 


The  same,  the  colour 
appears  TioleC  by 
candle-light 

As  with  borax,  but  the 
colour  flies  almost 
wholly  on  cooling. 


Oxides  of  Tin. 


Oxide  of  Lead 


Oxide  of  Copper  • 


P.  W.  effervesces,  tu-  Fuses  with  great  diiB- 


mified,      infusible 


Mercury 

Oxide  of  Silver. 


C.  readily  reduced. 

P.W.  clear  glass;  be- 
comes yellowish  and 
opaque  on  cooling. 

C  instantly  reduced. 

P.W.  fine  green  glass, 
hot;  on  cooling,  co- 
lourless and  opaque. 

C.  absorbed  and  re- 
duced. 


O.  F.  yellowish-brown 
glass,  hot;  colour- 
less, but  not  quite 
clears  cold. 

R.  F.  clear  and  co- 
lourless glass,  hot; 
.  opaque  and  greyish- 
black,  cold. 

As  with  borax. 


culty;  permanently 
dear  gl 


Gold 

Platina 

Iridium 

Rhodium 

Palladium 


P.W.  dear  glasa ;  yel- 
low, hot;  on  cool- 
ing, colourless. 

C  flows  over  the  sur- 
face and  reduces. 

O.F.  fine  green  glass, 
which  in  R.  F.  be^ 
comes  colourless, 
hot;  but  dnnabar- 
red,  and  opaque 
when  solid. 

O.  F.  glass  becomes 
milky,  or  opaline, 
on  cooling« 

R.F.  greyish. 


Clear  colourless  glass. 


O.F.  aunilar  lo  boirax. 

R.  F.  glass,  usually 
red,  opaque^  and 
like  an  enamel. 


O.  F.  ydlowish  glass 
viewed  by  transmit- 
ted  light  by  day ;  by 
candle-light  reddish. 

R.F.  greyish. 
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BLOWPIPE. 


Assay. 


Ailudfs 


Baryu 

Hydrate  ; 

CarbonaU. 
StroDtia...... 

HifdraU*m 

Carbonate* 
Lime......... 

Carbonate 
Msgni 


Alamina.. 


Glndna 
Yttria 
Zirconiii 
SiUca  ... 


*WiTH  OTHER  Reagents. 


N.  C  a  gbbule  of  different 
shades  of  red ;  colour  flies  on 
cooling. 

N.C.  exhibit  a  black,  or  greyish- 
black  colour ;  do  not  fuse. 

N.  C  black  or  dark  grey  mass, 

infusible. 
N.  C  flesh  colour  when  quite 

cold. 
N.C  fine  blue  glass,  with  strong 

heat  when  cold. 
N.C.  black  or  dark  grey  mass. 


N.  C  blue  glass  when  perfectly 
fused. 


Molybdic  Acid. 


T^ingsdc  Add 


<)zide  of  Chrcyme 
Antimony 


Oinde  of  AnAmony  ) 

AndmomouM  AcvL  > 

An^monie  Acid      3 

Oxide  of  Tellurium..... 


Oxide  of  Columbium 
Oxide  of  Titanium 

Oxides  of  Uranium 
Oxides  of  Cerium 
Oxide  of  Manganese.... 


Remarks. 


The  alkalis  are  not  readily  dis- 
tinguishable by  the  blowpipe. 
Lithia  leaves  a .  dull  yellow 
stain,  when,  heated  to  redness 
on  platina  foil,  ^mmoma  may 
be  known  by  heating  the  assay 
with  soda ;  it  gives  off  a  pun- 
gent  vapour,  which  turns  the 
yellow  colour  of  moistened  tur- 
meric paper  brown. 


The  blue  colour  Is  only  distfnctly 
seen  by  day-light 


X.C.  black  or  greyish  bkck. 


Tlie  part  not  perfectly  fused  with 
nitrate  of  cobalt  has  a  reddish- 
blue  disagreeable  colour. 

In  the  inclined  glass  tube,  fuses, 
gives  off  vapour,  which  con- 
denses paitly  on  the  tube  as  a 
white  powder,  partly  on  the 
assay  in  brilliant  pale  yellow 
crystals. 

If  tungstic  add  contain  iron,  the 
glass  with  salt  of  phosphorus 
is  blood-red  in  JBL  F.  Tin 
makes  it  green  or  blue. 

Antimony  does  not  sublime  at 
the  fusing  point  of  glass.  On 
charcoal  when  red,  ignition 
continues  spontaneously.  In  a 
tube  open  at  both  ends,  it  gives 
off  white  fumes. 
The  oxide  and  adds  of  anti- 
mony behave  alike  with  the 
fluxes. 
Metallic  tellurium  heated  in 
glass  matrass,  first  gives  off  vfr. 
pour,  and  tiien  a  grey  metal- 
lic sublunate  of  tellurium.  In 
a  tube  open  at  both  ends,  emits 
abundant  fumes,  which  con- 
dense in  a  white  fusible  pow- 
der. 

For  the  rest  of  the  phenomena, 
see  the  original  work. 


A  very  minute  portion  of  manpi^ 


\ 
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BLOWPIPE. 


AasAY. 


Oxide  of  Zinc 
Oxide  of  Cadmium 
Oxide  of  Iron. 


With  other  Reagents. 


Oxide  of  Cobalt.. 

Oxide  of  Nickel 
Bismuth 


Oxide  of  Bismuth 
Oxides  of  Hn 
Oxide  of  Lead 
Oxidt  of  Copper 
Mercury 


With  subcaibonate   of   potaasa, 
black  glass  when  cold. 


Remabo. 


nese  gives  a  green  glass  willi 
soda. 


The  reduction  of  iron  from  the 
peroxide  to  protoxide  is  facili- 
tated by  tin. 


In  a  glass  matrass  does  not  sub- 
lime at  the  fusing  point  of 
glass.  In  an  open  tube  scarcely 
gives  off  any  fumes ;  the  metal 
becomes  covered  -with  a  dull 
brown  fused  oxide^  of  a  slight 
yellowish  tint  when  cold. 


Oxide  of  Silver 

Gold 

Platina 

Iridium.... 

Rhodium 

Palladium 


All  the  compounds  of  mercury 
are  volatile;  mixed  with  tin  or 
iron  fib'ngs,  and  heated  in  a 
glass  tube^  metallic  mercury 
distils  over. 


'These  metals  have  no  action 
on  the  fluxes,  which  can  only 
serve  to  detect  the  foreign 
metals  they  may  be  combin- 
ed with.  They  are  best  exa^ 
mined  by  cupellation  with 
lead. 


Under  the  Mineral  Species  and  Calculus, 
their  habitudes  with  the  blowpipe  are  given. 

Dr  Robert  Hare,  Professor  of  Natural 
Philosophy  in  the  University  of  Philadelphia, 
published,  in  the  first  volume  of  Brace's 
Mineralogical  Journal,  an  account  of  very  in- 
tense degrees  of  heat,  which  he  had  produced 
and  directed  on  different  bodies,  by  a  jet  of 
flame,  consisting  of  hydrogen  and  oxygen 
gases,  in  the  proportion  requinte  for  forming 
water.  The  gases  were  discharged  from  se- 
parate gasometers,  and  were  brought  in  con- 
tact only  at  a  common  orifice  or  nozzle  of 
small  diameter,  in  which  their  two  tubes  ter- 
minated. 

In  the  first  number  of  the  Journal  of  Sci- 
ence and  Arts,  is  a  description  of  a  blowpipe 
contrived  by  Mr  Brooke^  and  executed  by 
Mr  Newmann,  consisting  of  a  strong  iron 
box,  with  a  blowpipe  nozzle  and  stopcock, 
for  regulating  the  emission  of  air,  which  had 
been  previously  condensed  into  the  box  by 
means  of  a  syringe  screwed  into  ita  top. 

John  George  Children,  Esq.  first  proposed 
to  Sir  H.  Davy  the  application  of  Newmann's 
apparatus  to  the  mixture  of  oxygen  and  hy- 


drogen, immediately  after  Sr  H.  had  disco- 
vered that  the  explosion  from  oxygen  and  hy- 
drogen would  not  communicate  through  very 
small  apertures ;  and  he  first  tried  the  experi- 
ment himself  with  a  fine  glass  capillary  tube. 
The  flame  was  not  visible  at  the  end  of  this 
tube,  being  overpowered  by  the  brilliant  star 
of  the  glass  ignited  at  the  aperture. 

Dr  Clarke,  afier  being  informed  by  Sir  H. 
Davy  that  there  would  be  no  danger  of  ex- 
plosion in  burning  the  compressed  gases,  by 
suffering  them  to  pass  through  a  fine  thermo- 
meter tube  l-80th  of  an  inch  diameter  and 
three  inches  in  length,  commenced  a  series  of 
experiments,  which  were  attended  with  most 
important  and  striking  results.  By  the  sug- 
gestion of  Professor  Cumming,  there  has  been 
enclosed  in  the  iron  box  a  small  cylinder  of 
safety,  about  half  filled  with  oil,  and  stuffed 
at  top  with  fine  wire  gauze.  The  condens- 
ed gases  must  pass  itom  the  large  chamber 
into  this  small  one,  up  through  the  oil,  and 
then  across  the  gauze,  before  they  can  reach 
the  stopcock  and  blowpipe  nozzle.  By  this 
means,  the  dangerous  explosions^  which  had 
occurred  so  frequently  as  would  have,  deterred 
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m  fan  inrepid  •zperimenler  than  Dr  Ckrke».  oiide  of  cobalt,  pechblende,  aHdferiHii  oxides 
■re  now  obviated.  It  isatill,  howerov  a  pm-  of  oeiiuiii#  diromate  of  iron*  and  ore  of  in- 
dent precaution,  to  place  a  woodett  screen  be-  dium,  were  aU,  except  the  second  last,  r»- 
tween  the  box  and  the  operator.  The  box  duced  totbe  metallic  state,  with  peculiar,  and 
is  about  five  inches  long,  four  broad,  and  for  the  most  part,  splendid  phenomena.  Jade* 
three  deep.  Hie  syringe  is  joined  to  the  top  mica,  amianthus,  asbestus,  melt  like  wax  be- 
of  the  box  by  a  stopcock.  Near  the  upper  £are  this  potent  flame. 
eod  of  the  syringe  a  screw  noaile  is  fixcxi  in  But  the  two  most  surprising  of  Dr  Clarke's 
it  at  right  angles,  to  which  the  stopcock  of  experiments  were  the  fusion  of  the  meteoric 
a  bladder  containing  the  mixed  gases  may  be  stone  from  L*  Aigle^  and  its  conversion  into 
attached.  When  we  wish  to  inject  the  gases,  hron  ;  and  the  reduction  of  barium^  from  the 
it  is  proper  to  draw  the  piston  to  the  top,  earth  baryta  and  its  salts.  Some  nitrate  of 
before  opening  the  lower  stopcock,  lest  the  baryta,  put  into  a  carity  at  the  end  of  a  stick 
flame  of  the  jet  should  be  sucked  backward,  of  charcoal,  was  exposed  to  the  ignited  gas. 
and  cause  explosion.  It  is  likewise  necessary  It  fused  with  vehement  ebullition,  and  me- 
to  see  that  no  little  explosion  has  dislodged  tallic  globules  were  cleariy  discernible,  in  the 
die  oil  from  the  safety  cylinder.  A  bubbling  midst  of  the  boiling  fluid,  suddenly  formings 
noise  is  heard  when  the  oil  is  present.  A  and  as  suddenly  disappearing.  On  checking 
slight  excess  of  hydrogen  is  found  to  be  ad*  the  flame^  the  cavity  of  the  charcoal  wte 
vaatageous.  studded  over  with  ionumeiable  globules  of  a. 

Pl^inum  is  not  only  fused  the  instant  it  is  metal  of  the  most  brilliant  lustre  and  white- 
brought  in  contact  wi^  the  flame  of  the  ig-  ness,  resembling  the  purest  platinum  afWr 
Bitod  gases,  but  the  melted  metal  runs  down  fusion.  Some  globules  were  detached  and> 
in  dropa.  Dr  Clarke  has  finally  fused  the  dropped  into  naphtha,  where  they  retained  for 
astonishing  quantity  of  half  an  ounce  at  once,  some  time  their  metallic  aspect.  Tbdr  spe^. 
by  this  jet  of  flame.  In  small  quantities,  it  cific  gravity  was  4u00. 
bums  like  iron  wire.  Palladium  melted  like  Dr  Clarke  ftiaed  together  a  bead  of  ban- 
kad.  Pure  lime  becomes  a  wax<.yellow  vi-  tun  and  one  of  platinum,  each  weighing  one 
trification.  A  lambent  purple  flame  always  grain.  Ibe  bronxe-ooloured  alloy  weighed 
accompanies  its  fusion.  The  fusion  of  mag*  two  grains,  proving  a  real  combination.  Tbe 
nesia  is  also  attended  with  combustion.  Stron-  alloy  of  barium  and  iron  is  black  and  brittle, 
tia  fused  with  a  flame  of  an  intense  ame-  Barium  is  infusible  before  the  blowpipe  per 
thysrine  colour,  and  after  some  minutes  there  js/  but  with  borax  it  dissolves  like  baryta, 
appeared  a  smsil  oblong  mass  of  shining  me-  with  a  chrysolite-green  colour,  and  disclosing 
tal  in  its  centre.  Silex  instantly  melted  into  metallic  lustre  to  the  file.  The  alloy  of  bar 
a  deep  orange-coloured  glass,  which  was  partly  rium  and  copper  is  of  a  vermilion  colour. 
voUtSiied.  Alumina  melted  with  grnt  ra-  "When  silex  is  mixed  into  a  paste  with  lamp 
pidity  into  globules  of  a  yellowish  transpa-  oil,  and  exposed  on  a  cavity  of  charcoal  to 
rent  glass.  In  these  experiments,  supports  the  flame^  it  runs  readily  into  beads  of  van- 
of  charcoal,  platinum,  or  plumbago,  were  ous  colours.  If  these  be  heated  in  contact 
used  with  the  same  efi^  The  alludis  were  with  iron,  an  alloy  of  silicum  and  iron  is  ob- 
fbsed  and  volatilised  the  instant  they  came  in  tained,  which  discloses  a  metallic  surface  to 
contact  with  the  flame,  with  an  evident  ap-  the  filk  Magnesium  and  iron  may  be  al- 
pearance  of  combustion.  loyed  in  the  same  way. 

The  fi9llowing  refinctory  native  compounds         By  using  from  two  to  three  volumes  of  hy- 

wsre  fused.      Rock  crystal,   white  quarts,  drogen  to  one  of  oxygen,  and  directing  the 

noble  opal,  flint,  calcedony,  Egyptian  jasper,  flame  on  pure  baryta,  supported  on  pincers 

zircon,  spinelle,  sapphire,  topas,  cymophane^  of  skte,  Dr  Clarke  apparently  revived  barium 

pyonite,  andalusite,  waveUite,  rubellite,  hyper-  in  large  quantities,  so  as  to  exhibit  its  quali- 

sieoe,  cyanite^  talc,  serpentine,  hyalite,  lasu-  ties  for  some  time.     It  gradually,  however, 

lite,  gadoliaite,  leucit^  apatite,  Peruvian  erne-  passes  again  into  pure  baryta.     Muriate  of 

raid,  SRierian  beryl,  potstone,  hydrate  of  mag-  rhodium,  placed  in  a  charcoal  crucible^  yield- 

ncsia,  subsulpbate  of  alumina,  pagodite  of  ed  the  metal  rhodium,  brilliant  like  platinum. 

China,  Icehmd  spar,  common  chalk,  Arra-  It  is  malleable  on  the  anvlL     Oxide  of  ura- 

gonite,  diamond.  nlum,  from  Cornwall,  vras  also  reduced  to 

Gold  exposed  on  pipe-day  to  the  flame,  the  metallic  state, 
was  surrounded  with  a  kah  of  a  lively  rose        It  is  now  generally  believed,  that  Dr  Clarke 

colour,  and  soon  volatilized.   Stout  iron  wire  had  been  mistaken  with  regard  to  the  reduc- 

rapidly  burned.     Plumbago  was  fused  tion  of  baryta  to  the  metallic  state;  and  that 


into  a  magnetic  bead.     Red  oxide  of  titani-  the  globules  which  he  formed,  owed  their 

um  fused,  with  partial  combustion.   Red  fer-  lustre  and  polish  to  the  fusion  which  the 

riftflous  copper  blende,  oxides  of  platinum,  earth  had  undeigoneii 
grey  oxide  of  manganese,  crystallized  oxide         We  shall  conclude  this  article  by  the  foir 

of  mangpmese,  wolfram,  sulphurat  of  mo-  lowing  experiment  of  Dr  Clarke's :  If  you 

lybdenum,  silicco^carsous  titanium,  Mack  take  two  pieces  of  tin-foil  and  platinum-foil 
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of  equal  difnennons,  and  roll  them  together,  tained,  wh(ch,  after  a  few  minulet*  ezpoanre 

and  place  the  roll  upon  charcoal,  and  direct  to  the  tun's  nj%,  will  give  light  enough  in  the 

the  Bame  of  a  candle  cautiously  towards  the  dark  to  render  the  figures  on  the  dial-plate  of 

edges  of  the  roll,  at  about  a  red  heat  the  a  watch  visible. 

two  metals  will  combine  with  a  sort  of  ezplo-  BOLETIC  ACID.      See  Acm  (BOLB- 

sive  force,  scattering  their  melted  particles  tic). 

off  the  charcoal,  and  emitting  light  and  heat  BOLETUS.  A  genus  of  mushroom,  of 
in  a  very  surprising  manner.  Then  there  which  several  qiecies  have  been  subjected  to 
will  remain  upon  the  charcoal  a  film  of  glass,  chemical  examination  by  MM.  Braconnot 
which,  by  further  urging  the  flame  towards  and  Bouillon  La  Grange, 
it,  will  melt  into  a  highly  transparent  globule  1.  BolelusjuglandiMt  in  1260  parts,  yielded 
of  a  sapphire-blue  colour.  Also,  if  the  plati-  1 1 18.3  water,  95.68  fungin,  18  animal  mat- 
num  and  tin  be  placed  beside  each  other,  as  ter  insoluble  in  alcohol,  12  osmaaome,  7.2 
soon  as  tlie  platinum  becomes  heated,  you  vegetable  albumen,  6  fungate  of  potash,  L2 
will  observe  a  beautiful  play  of  blue  light  adipocere,  1. 1*2  oily  matter,  0.5  sugar  of 
upon  the  surftce  of  the  tin,  becoming  highly  mushrooms,  and  a  trace  of  phosphate  of  pot- 
iridescent  before  it  melts.  ash. 

BLUE  (PRUSSIAN) ;  a  combination  2.  Boletus  laricis,  used  on  the  continent  in 

of  oxide  of  iron  with  cyanogen.     See  Acid  medicine  under  the  name  of  agaric.    It  is  in 

(Hydbocyanic),  and  Irok.  white,  light,  friable  pieces,  of  which  the  out- 

BLUE  (SAXON).    The  best  Saxon  blue  side  b  Uke  dark-coloured  leather.     Its  taste» 

colour  may  be  given  by  the  following  compo-  at  first  sweetish,  soon  passes  into  bitterness 

sition :—  and  acrimony.     Its  infusion  in  water  is  yeU 

Mix  one  ounce  of  the  best  powdered  in-  lowisli,  sweet  tasted,  and  reddens  vegetable 

digo  with  four  ounces  of  sulphuric  acid,  in  a  blues.     It  contains  muriate  of  potasli,  sul- 

glass  bottle  or  matrass,  and  digest  it  for  one  phate  of  lime,  and  sulphate  of  potash.   Water 

hour  with  the  heat  of  boiling  water,  shaking  boiled  on  agaric  becomes  gelatinous  on  oooU 

the  mixture  at  different  times ;   then  add  ing ;  and  if  the  water  be  dissipated  by  evapo- 

twelve  ounces  of  water  to  it,  and  stir  the  ration,  ammonia  is  exhaled  by  the  addition 

whole  well,  and  when  grown  cold  filter  it.  of  lime.     Resin  of  a  yellow  colour,  with  a 

M.  Poerner  adds  one  ounce  of  good  dry  bitter-sour  taste,  may  be  extracted  from  it  by 

potash  at  the  end  of  twenty-four  hours,  and  alcohoL     It  yields  benzoic  acid,  by  Scheele's 

lets  this  stand  as  much  longer,  before  he  process.     The  strong  acids  act  with  energy 

dilutes  it  with  water.     The  doth  should  be  on  agaric,  and  the  nitric  evolves  oxalic  add. 

prepared  with  alum  and  tartar.  Fixed  alkalis  convert  it  into  a  red  jdly,  which 

BOG  ORES.     See  Ores  of  Iron.  emiu  an  ammoniacal  smelL 

BOLE.    A  massive  mineral,  having  a  per-  3.  Boletus  igniarius  is  found  in  most  coun- 

lectly  conchoidal  fracture,  a  glimmering  in-  tries,  and  particularly  in  the  Highlands  of 

temal  lustre,  and  a  shining  streak.    .Its  oo-  Scotland,  on  the  trunks  of  old  asli  and  other 

loun  are  ydlow-red,   and  brownish-black,  trees.     The  French  and  Germans  prepare  it 

when  it  is  odled  mountain  sotqp.    It  is  trans-  abundantly  for  making  tinder,  by  boiling  in 

lucent  or  opaque.     Soft,  so  as  to  be  easily  water,  drying,  beating  it,  and  sleeping  it  in 

cut,  and  to  yidd  to  the  nail.     It  adheres  to  a  solution  of  nitre,  and  again  drying  it.     In 

the  tongue,  has  a  greasy  feel,  and  falls  to  France  it  is  called  atnadouf  in  this  country 

pieces  in  water.    Sp.  grav.  1.4  to  2.    It  may  German  tinder.     It  has  bwn  recommended 

be  polished.     If  it  be  immersed  in  water  in  surgery,  for  stopping  hcemorrhage  from 

afVer  it  is  dried,  it  fidls  asunder  with  a  crack-  wounds.     It  imparts  to  water  a  deep  brown 

ling  noise.     It  occurs  in  wacke  and  basalt,  colour,  and  an  astringent  taste.     The  liquid 

in  Silesia,  Hessia,  and  Sienna  in  Italy,  and  consists  of  lime,  muriate  of  potash,  and  a 

also  in  the  cliffs  of  the  Giant's  Causeway,  brown  extractive  matter.     When  the  latter 

Ireland.     The  black  variety  is  found  in  the  is  evaporated  to  dryness,  and  burnt,  it  leaves 

trap  rocks  of  the  Isle  of  Sky.  a  good  deal  of  potash.     Phosphates  of  lime 

BOLOGNIAN  STONE.      Lemery  re-  and  magnesia,  with  some  iron,  are  found  in 

ports,  that  an  Italian  shoemaker,  named  Vin-  the  insoluble  matter.    Alkalis  convert  it  with 

oenzo  Casciarolo^  first  discovered  the  pbo6-  some  difficulty  into  a  soapy  liquid,  exhaling 

phoric  property  of  the  Bolognian  stone.     It  ammonia.     No  benzoic  acid,  and  little  ani- 

is  the  ponderous  spar,  or  native  sulphate  of  mal  matter,  are  found  in  this  boletus, 

baryta.  4.  Boletus pseudo'igniarius  yielded  to  Bra- 

K  it  be  first  heated  to  ignition,  then  findy  connot,  water,  fungin,  a  sweetish  mudlage^ 
powdered,  and  made  into  a  paste  with  mud-  boletate  of  potash,  a  yellow  fatty  matter, 
lage ;  and  this  paste,  divided  into  pieces  a  vegetable  albumen,  a  little  phosphate  of  pot- 
quarter  of  an  inch  thick,  and  dried  in  a  mo-  ash,  acetate  of  potash,  and  fungic  add  corn- 
derate  heat,  be  exposed  to  the  heat  of  a  wind  bined  with  a  base. 

furnace,  by  pladng  them  loose  in  the  midst  5.  Boletus  viscidtis  was  found  by  Braconnot 

of  tlie  charcoal ;  a  pyrophorus  will  be  ob-  to  be  composed,  in  a  great  meniure,  of  an 
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fnuaial  muens,  which  becolnes  coheuTe  by 


BONE.  The  bones  of  men  and  quadro- 
-peds  owe  their  great  firmness  and  solidity  to 
a  considerable  portion  of  the  phosphate  of 
lime  which  they  contain.  When  these  are 
rasped  small,  and  boiled  in  water,  they  afford 
^datinous  matter,  and  a  portion  of  fat  or  oil, 
which  occupied  their  interstices. 

Calcined  human  bones,  according  to  Ber- 
'  xelius,  are  composed,  in  100  parts,  of  81.9 
phosphate  of  lime,  3  fluate  of  lime,  10  lime, 
1.1  phosphate  of  magnesia,  2  soda,  and  2 
'Carbonic  acid.  100  parts  of  bones  by  calci- 
nation are  reduced  to  63.  Fourcroy  and 
Vauquelin  found  the  following  to  be  the 
composition  of  100  parts  of  ox  bones:  51 
solid  gelatin,  37.7  phosphate  of  lime,  10  car- 
bonate of  lime,  aiul  1.3  phosphate  of  mag- 
nesia;—-but  Berzelius  g^ves  tlie  following 
as  their  constituents :  33.3  cartilage,  55.35 
phosphate  of  lime,  3  fluate  of  lime,  3.85  car- 
bonate of  lime,  2.05  phosphate  of  magnesia, 
and  2.45  soda,  with  a  little  common  salt 

About  l-30th  of  phosphate  of  magnesia 
was  obtained  from  the  calcined  bones  of 
fowls,  by  Fourcroy  and  Vauquelin.  When 
the  enamel  of  teeth,  rasped  down,  is  dissolv- 
ed in  muriatic  acid,  it  leaves  no  albumen, 
like  the  other  bones.  Fourcroy  and  Vauque- 
lin state  its  components  to  be  27.1  gelatin 
and  water,  72.9  phosphate  of  lime.  Messrs 
Hatchett  and  Pepys  rate  it^  composition  at 
78  phosphate  of  lime,  6  carbonate  of  lime, 
and  16  water  and  loss.  Bendius,  on  the 
other  hand,  found  only  2  per  cent  of  conv* 
bnstible  matter  in  teeth.  The  teeth  of  adults, 
by  Mr  Pepys,  consist  of  64  phosphate  of 
lime^  6  csrtionate  of  lime,  20  cartilage,  and 
10  water  or  loss.  •  The  fossil  bones  from 
Gibraltar  are  composed  of  phosphate  of  Ume 
and  carbonate,  like  burnt  bones.  Much  dif- 
ference of  opinion  exists  with  regard  to  the 
existence  of  fluoric  add  in  the  teeth  of  ani- 
mds,  some  of  the  most  eminent  chemists 
•taking  opposite  sides  of  the  question.  It 
appears  that  bones  buried  for  many  centuries 
still  retain  thdr  dbumen,  with  very  little 
diminution  of  its  quantity. 

Fourcroy  and  Vauqudin  discovered  phos- 
phate of  magnesia  in  all  the  bones  they  exa- 
mined, except  human  bones.  Hie  bones  of 
the  horse  and  sheep  aflTord  about  l«36th  of 
phosphate  of  magioesia;  those  of  fish  nearly 
the  same  quantity  as  those  of  the  ox.  They 
account  for  this  by  observing,  that  phosphate 
of  magnesia  is  found  in  the  urine  of  man, 
but  not  in  that  of  animals,  though  both 
equally  take  in  a  portion  of  magnesia  with 
their  ibod. 

Hie  experiments .  of  Mr  Hatchett  show, 
that  the  mcmbnmous  or  cartilaginous  sub- 
stance which  retains  the  earthy  salts  within 
its  interstices,  and  appears  to  determine  the 
shape  of  the  bone,  is  albumen.    Mr  Hatchett 


observes,  that  the  enamel  of  teeth  is  analo- 
gous to  the  porcdlanons  shells,  while  mother- 
of-pearl  approaches  in  its  nature  to  true  bone. 

A  curious  phenomenon  with  respect  to 
bones,  is  the  circumstance  of  thdr  acquiring 
a  red  tinge,  when  madder  is  given  to  animals 
with  their  food.  The  bones  of  young  pigeons 
will  thus  be  tinged  of  a  rose  colour  in  twenty- 
four  hours,  and  of  a  deep  scariet  in  three 
days ;  but  the  bones  of  adult  animals  will  be 
a  fortnight  in  acquiring  a  rose  colour.  The 
bones  most  remote  from  the  heart  are  the 
longest  in  acquiring  this  tinge.  Mr  Gibson 
informs  us,  Uut  extract  of  logwood  too,  in 
considerable  quantity,  will  tinge  the  bones  of 
young  pigeons  purple.  On  desisting  from 
the  use  of  this  food,  however,  the  colouring 
matter  is  again  taken  up  into  the  circulation, 
and  carried  off,  the  bones  r^aining  thdr 
natural  hue  in  a  short  time.  It  was  sud  by 
Du  Hamel,  that  the  bones  would  become 
coloured  and  colourless  in  concentric  layers^ 
if  an  animal  were  fed  alternately  one  week 
with  madder,  and  one  week  without;  and 
hence  he  inferred,  that  the  bones  were  fomw 
ed  in  the  same  manner  as  the  woody  parts  of 
trees.  But  he  was  mistaken  in  the  fact ;  and 
indeed  had  it  been  true,  with  the  inference 
he  naturally  draws  from  it,  the  bones  of  ani- 
mals must  have  been  out  of  all  proportion 
larger  than  they  are  at  present. 

Bones  are  of  extensive  use  in  the  arts.  In 
thdr  natural  state,  or  dyed  of  various  colours, 
they  are  made  into  handles  of  knives  and 
forks,  and  numerous  articles  of  turnery.  We 
have  already  noticed  the  manufkcture  of 
volatile  alkali  from  bones,  the  coal  of  which 
forms  bone-black ;  or,  if  they  be  afterwards 
caldned  to  whiteness  in  the  open  dr,  they 
constitute  the  bone  ashes  of  which  cupels  are 
made,  and  which,  finely  levigated,  are  used 
for  cleaning  articles  of  paste,  and  some  other 
trinkets,  by  the  name  of  burnt  hartshonu 
The  shavings  of  hartshorn,  which  is  a  spedes 
of  bone,  aflbrd  an  elegant  jelly;  and  the 
shavings  of  other  bones,  of  which  those  of  the 
calf  are  the  best,  are  often  employed  in  thdr 

On  this  prindple,  Mr  Proust  has  recom- 
mended an  economical  use  of  bones,  particuo 
Jarly  with  a  view  to  improve  the  subsistence 
of  the  soldier.  He  first  chops  them  into  small 
pieces,  throws  them  into  a  kettle  of  boiling 
water,  and  lets  them  boil  about  a  quarter  of 
an  hour.  When  this  has  stood  till  it  is  cold, 
a  quantity  of  fat,  excellent  for  culinary  pur* 
poses  when  fresh,  and  at  any  time  fit  for 
making  candles,  may  be  taken  off  the  liquon 
This  in  some  instances  amounted  to  an  dghth, 
and  in  others  even  to  a  fourth,  of  the  wdgfat 
of  the  bones.  Afler  this  the  bones  may  be 
ground,  and  boiled  in  dght  or  ten  times  their 
wdgbt  of  water,  of  which  that  already  used 
may  form  a  part,  till  about  half  is  wasted, 
when  a  very  nutritious  jelly  will  be  obtdned. 
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Hie  botl^  ihoQld  not  be  of  copper,  m  ihk 
metd  is  eaftly  diMolved  by  the  jelly ;  and  the 
cover  should  (it  very  tight,  80  that  the  heat 
may  be  greater  than  that  of  boiling  water,  but 
not  equal  to  that  of  Fkpin's  digerter,  which 
would  give  it  an  empyreuma.  The  bones  of 
nwat  that  have  been  boiled  are  nearly  as  pro- 
ductive as  fresh  bones ;  but  Dr  Young  found 
those  of  meat  that  had  been  roasted  affimft- 
cd  no  jelly,  at  least  by  simmering  or  gentle 
boiling. 

BORACIC  ACID.  See  Acid  (Bo- 
kaok).  This  acid  has  been  found  native  on 
the  edges  of  hot  springs  near  Sapo,  in  the 
territory  of  Florence;  also  attached  to  speci- 
mens from  the  Lipari  Islands,  and  from 
Monte  Rotondo,  to  the  west  of  Sienna.  It 
is  in  small  pearly  scales,  and  also  massive^ 
fbsing  at  the  flame  of  »  candle  into  a  glassy 
globule.  It  consists,  by  Klaproth's  analy- 
sis, of  86  boracic  add,  11  ferruginous  sul- 
phate of  numganese,  and  3  sulphate  of  lime^ 

BORACITE.  Borate  of  magnesia.  It 
is  found  in  cubic  crystals,  whose  fracture  is 
uneven,  or  imperfectly  oonchoidaL  Shining 
greasy  lustre;  transluoent;  so  hard  as  to 
atrike  fire  with  steel ;  of  a  yellowish,  greyish, 
or  greenish-whita  Sp.  gr.  2.56.  It  becomes 
electric  by  heat;  and  the  diagonally  opposite 
•olid  angles  are  in  opposite  electrical  states. 
It  fuses  into  a  yellow  enamel,  after  emitting 
a  greenish  light 

Vauquelin's  analysis  gives,  83.4  boracic 
acid,  and  16.6  magnesia.  It  occurs  in  gyp- 
sum in  the  Kalkberg  in  the  duchy  of  Bruns- 
wick, and  at  Segeberg  near  Kiel  in  Holstein. 

BORATE.  Salts  composed  with  boracic 
acid. 

When  nitfic  or  muriatic  acid  is  poured  into 
a  concentrated  solution  of  a  borate^  the  bo- 
racic acid  instantaneoudy  comes  forth,  and 
ftUs  down  in  the  form  of  small  scales,  which 
possnn  charscteristk  properties.  See  Acid 
(BoRAac). 

BORAX.  The  origin  of  borax  was  for 
a  long  time  unknown  in  Europe.  Mr  Grill 
Abrahamson,  however,  sent  some  to  Sweden 
in  the  year  1772,  in  a  crystalline  form,  as 
dug  out  of  the  earth  in  Thibet,  where  it  is 
called  Pounnxa,  Mypoun,  and  Houipoun: 
it  is  said  to  have  been  also  found  in  Saxony, 
in  some  coal  pits. 

It  does  not  appear  that  borax  was  known 
to  the  ancients,  thdr  dirysocolla  being  a  veiy 
different  substance,  composed  of  the  rust  of 
copper,  triturated  with  urine.  The  word 
borax  u  found  for  the  first  time  in  the  works 
of  Geber. 

Borax  is  not  only  fbund  in  the  East,  but 
likewise  in  South  America.  Mr  Anthony 
Carera,  a  physidan  established  at  Potoai,  in- 
forms us,  that  this  salt  is  abundantly  obtdned 
at  the  mines  of  Requintipa,  and  those  in  the 
■ndgfabourhood  of  Eicapa,  where  it  is  used  by 
^ibe  natives  in  the  fuuon  of  copper  ores. 


Hie  purificatkm  of  bonz  by  the  ¥« 
and  the  Hollanders,  was  for  a  long  time  kepi 
secret.  Chaptd  finds,  after  trying  all  the 
processes  in  the  large  way,  that  the  dmpleat 
method  condsts  in  boiling  the  borax  strooglyy 
and  for  a  long  time^  with  water.  This  solu- 
tion bdng  filtered,  aflbrds  by  evaporation 
oystals,  which  are  somewhat  fonl,  but  may 
be  purified  by  repeating  the  operation. 

Purified  borax  is  white,  transparent,  rather 
greasy  in  its  fracture,  affecting  the  form  of 
dx-dded  prisms,  terminating  in  three-dded 
or  dx-dded  pyramids.  Its  taste  is  styptic; 
it  converts  syrup  of  violets  to  a  green ;  and 
when  exposed  to  heat,  it  swells  up,  boils, 
loses  its  water  of  crystallisation,  and  becomes 
converted  into  a  porous,  white,  opaque  mass^ 
commonly  called  Cddned  Borax*  A  stronger 
heat  brings  it  into  a  state  of  quiet  fusion ; 
bnt  the  glassy  substsnce  thus  afl^rded,  which 
is  tranqMrent,  and  of  a  greenish-ydlow  co- 
lour, is  soluble  in  water,  and  effloresces  in 
4he  mr.  It  requires  about  dghteen  times  Its 
wdght  of  water  to  dissolve  it  at  the  tempe- 
rature of  dxty  degrees  of  Fahrenhdt ;  but 
water  at  the  boiling  heat  dissolves  three  times 
this  quantity.  Its  component  parti,  accord- 
ing to  Kirwan,  are,  boradc  add  34^  soda  17, 
vraler  47.  For  an  account  of  the  neutral 
borate  of  soda,  and  other  compounds  of  this 
add,  see  Acid  (Bohacic). 

Borax  is  used  as  an  excellent  flux  in  dod- 
mastic  operations.  It  enten  into  the  ccim- 
podtion  of  redudng  fluxes,  and  is  of  the 
greatest  use  in  analyds  by  the  blowpipe.  It 
nay  be  applied  with  adnmtage  in  glass  ma- 
nufactories ;  for  when  the  ludon  turns  out 
bad,  a  small  quantity  of  borax  re-establishes 
it  It  is  more  especially  used  in  soldering : 
It  asdsts  the  fudon  of  the  solder,  causes  it 
to  flow,  and  keeps  the  surface  of  the  metals 
in  a  soil  or  clean  state,  which  fodlitates  the 
operation.  It  is  scarcely  of  any  use  in  me- 
didne.  Its  arid,  called  sedative  saU,  is  used 
by  some  phyddans ;  and  its  name  suffidently 
indicates  its  supposed  effects.  Mixed  with 
shdl  fauv  in  the  proportion  of  one  part  to  five^ 
it  renden  the  lac  soluble  by  digestion  in 
water,  heated  near  boiHng. 

BORON.  Hie  combustible  bads  of  bo- 
radc acid. 

The  eadest  and  most  economical  method 
of  preparing  boron,  is  to  decompose  an  al- 
kaline borofiuate  by  potasdum.  For  this 
purpose,  borofiuate  of  potash  is  formed  by 
mixing  fluate  of  potash  with  a  solution  oif 
borate  of  potash.  The  boroAuafte  falls  in  a 
gelatinous  predpitate^  which  by  dedccation 
assumes  the  form  of  a  fine  mealy-white  co- 
loured powder.  Its  taste  is  weakly  bitter, 
but  not  at  all  add,  nor  doea  it  redden  Ktmua 
paper.  It  is  anhydraua.  100  parts  of  water 
disaolve  only  1.42  of  tiiis  adt;  but  boiling 
water  dissolves  it  in  oonsidcnbly  laiger  quan- 
tity.    It  is  dightly  soluble  also  in  boiling 
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^koM.  When  Ignited  it  fiMe^aodglvei  off 
fluoboric  acid  gas ;  but  for  completa  decom- 
podtioo  it  requirea  a  much  longer  continuedf 
.and  more  Tioient  beat,  tban  t£i  correspond*- 
ing  mlt  of  flilica,  (fluoaUicate  of  potaah). 
Tbe  borofluate  ia  soluble  in  boUiog  bot  solu** 
tions  o€  tbe  alkalis  and  tb«r  carbonates,  and 
«8  the  liquid  cools  it  cryatalliMs  9gun  un- 
•Itered^  As  boracic  add,  even  by  protracted 
fiuio%  cannot  be  completely  deprived  of 
water,  and  aa  it  absorbs  an  additional  quaiw 
tity  during  pulverisation,  a  mther  violent 
detonation  ia  thereby  caused  during  the  res. 
duction  of  boracic  acid  by  potassium;  so  that 
a  portion  of  the  mixture  is  in  general  pro- 
jected  firom  the  crucibl&  On  the  Gontrary, 
when  the  borofluate  of  potash  has  been  sufr 
ficiently  dried,  the  sound  at  the  instant  of 
reduction  ia  scarcely  audible,  and  for  every 
atom  of  potassium  expended,  we  obtain  the 
corresponding  quantity  of  boron.  The  boron 
moat  be  well  washed  with  a  solution  of  sal 
fsnmoniap,  and  finally  with  alcohol ;  because 
when  pure  water  is  employed  for  this  pur- 
pose^ a  considerable  quantity  passes  in  the 
dissdved  state  through  the  filter. 

Sulpkwret  of  borotu  Boron  is  capable  of 
forming  a  sulphuret,  but,  contraiy  to  what 
haa  been  hitherto  supposed,  no  combination 
takes  place  between  the  two  substances,  ex- 
cept in  a  temperature  greatly  exceeding  the 
boiling  point  of  sulphur.  It  takes  fire  and 
burns  when  strongly  ignited  in  the  vapour 
of  sulphur.  The  sulphuret  is  a  white  opaque 
mass.  When  put  into  water,  it  is  rapidly 
converted  into  sulphuretted  hydrogen  gas  and 
boracic  add  i  the  liquid  becomes  at  the  same 
time  more  or  less  milky,  in  consequence  of 
the  predpitation  of  sulphur.  Berzdius  is 
led  to  think*  that  boron  is  capable  of  com- 
bimng  in  several  distinct  proportions  with 
sulphur- 

Chloride  of  boron*  Sir  H.  Davy  ascer- 
tainedt  that  boron,  even  without  the  applica* 
tion  of  heat,  takes  fira  spontaneously  in 
chlorine  gas^  and  undergoes  brilliant  com- 
bosiioo*  If  it  be^  however,  very  pure,  and 
previously  ignited  ia  vacuoj  no  combination 
takes  place  with  chlorine  till  heat  be  implied* 
Tbe  product  of  the  combustion  is  a  new  gas, 
which,  in  contact  with  the  atmospheric  air, 
smokes  as  strongly  as  fluoUMric  acid  gas.  It 
must  be  collected  over  mercury,  which  ab- 
sorbs the  excess  of  chlorine.  Ttaa  gas  is 
colourless,  and  in  consequence  of  tbe  forma- 
tion of  muriatic  add  at  the  expense  of  tbe 
atmospheric  humidity,  it  has  a  strong  suffo- 
cating odour.  It  is  rapidly,  but  not  instan- 
taneously, absorbed  by  water;  and  when  the 
proportion  of  the  water  is  smalln  a  quantity 
of  boradc  add  is  deposited  upon  its  surftce. 
Alcohol  also  dissolves  it,  and  acquires  the 
same  odour  of  etber  aa  when  it  has  absorbed 
muriatic  add  gaa.  Chloride  of  boron,  when 
mixed  with  ammoniacal  gps^  condenses^  and 


fi>rma  a  salt,  whidi  may  be  sublimed  nmil- 
tared,  but  which  is  lesa  volatile  than  sal  am- 
moniac. If  the  salt  be  moistened  previously 
to  sublimation,  there  remains  a  quantity  of 
boncie  add.  1  volume  of  the  gas  condeasea 
H  volume  of  ammoniacal  gas.  Chloride  of 
boron  is  composed  of 

Chlorine^  -         -  9a743 

Boron,  -  -  9.267 

M.  Wochler  aays»  tl»at  ddoride  of  boron 
may  be  obtained  by  passing  chlorine  over 
calcined  borax  heated  to  redness. 

Fktanc  add,  unless  aided  by  nitric  acid, 
ndther  oxidates  nor  dtssotves  boron. 

When  boron  is  ignited  with  an  alkaline 
carbonate,  it  detonates  at  the  expense  of  the 
carbonic  add ;  and  when  it  u  ignited  with 
the  hjrdrate  of  a  fixed  alka^,  hydrogen  gaf 
is  disengaged  with  effervescence,  and  boredfi 
add  is  formed* 

In  tbe  properties  now  brought  under  re^ 
view,  boron  possesses  aa  close  a  resemblance 
to  silidum,  that  the  two  substances  may  be 
assodated  with  one  another,  in  the  same 
manner  as  arsenic  haa  been  assodated  with 
phosphorus,  and  selenium  with  sulphur.  Hie 
affinities  of  boron  are^  however,  stronger, 
and,  in  the  lower  tempemtures,  more  active 
than  those  of  silidum.  Thus  it  detonatee 
with  nitre,  in  a  low  red  heat,  with  such 
energy,  that  the  explosion  may  be  compared 
almost  to  that  of  gunpowder.—- Aerseiiiit^ 
jinnaU  of  Phil.  N,S.  x.  129. 

M.  Dumas  states,  that  a  mixture  of  borax 
and  charcoal  being  put  into  contact  with  dry 
chlorine  at  a  red  heat^  yields  abundance  of 
the  chloride  of  boron.  He  took  advanti^ 
of  it  in  the  analysis  of  boradc  acid ;  for  when 
it  decomposes  water,  it  givea  miviatic  and 
boradc.  adds.  But  its  most  important  pro- 
perty is  that  of  forming  a  solid  hydrate,  sus- 
ceptible of  bdog  reduced  by  hydrogen  and 
tbe  heat  of  a  spirit  lamp :  it  becomes  muri- 
atic add  and  howm,  and  in  this  way  the 
latter  subatanoe  may  be  obtained  in  large 
quantities.— ^na«  de  Chim,  xxxL  4»3dL 

BOTANY-BAY  HESIN  exudes  spon^ 
taneously  from  the  trunk  of  the  acaroi$  rrUf^ 
n^era  of  New  Holland,  and  also  (rom  the 
wounded  bark.  It  soon  solidifies  by  the  sun 
into  pieces  of  a  yeUow  colour  of  various 
sixes.  It  pulverises  easily  without  caking  j 
nor  does  it  adhere  to  the  teeth  when  chewed. 
It  has  a  shghtly  sweet  astringent  taste.  It 
melts  at  a  mod«eat»  heat  When  kindled,  it 
emits  a  white  fragrant  smoke.  It  is  inso- 
luble in  water,  but  impafts  to  it  the  flavour 
of  storax.  Out  of  nine  parts,  six  are  so- 
luble in  water,  and  astringent  to  the  taste; 
and  two  parts  are  woody  fibre. 
.  BOTTLE  GLAS&     See  Gla». 

BOTRYOLITE  ia  a  mineral  which  oc- 
curs in  mamillary  concretions,  formed  of  con- 
centric layers ;  and  also  in  botraidal  masses, 
white  and  earthy*     Its  colour  is  pearl  and 
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yellowSfih-grey,  with  lomedines  teddlah-white 
concentric  stripes.  It  has  a  rough  and  dull 
surfoce,  and  a  pearly  lustre  internally.  Frac- 
ture delicate,  stellular,  fibrous.  Translucent 
on  the  edges.  Brittle,  but  moderately  hard. 
Sp.  gr.  2.85.  It  is  composed  of  36  silica, 
39.5  boradc  add,  1^5  lime,  1  oxide  of  iron, 
6.5  water.  It  froths  and  fuses  before  the 
blowpipe  into  a  white  glass.  It  is  found  in 
a  bed  of  gneiss  near  Arendahl  in  Norway. 
It  is  regarded  by  some  as  a  variety  of  ,da- 

tholite. 

BOULDER  STONES.  RoUed  blocks 
of  granite ;  often  found  in  valleys  at  a  great 
distance  from  the  granite  mountains,  even 
where  lakes  and  mountains  of  another  struc- 
ture intervene.— See  the  JntroducUon  to 
Conybeare  and  PhiUp»*»  Geology  of  England 
ond  Wales,  pp.  29,  30.  See  also  D'Au^ 
buiuon,  TraitS  de  Geognotief  i.  231.  and 
Jnn.  de  CMm.  et  de  Phift,  tom.  viL  and  x. 

BOURNONITE.     An  antimonial  suU 
phuret  of  lead. 

BOVE Y  COAL.  This  is  of  a  brown  or 
brownish-black  colour,  and  lamellar  texture : 
the  laminae  are  frequently  flexible  when  first 
dug,  though  generally  they  harden  when  ex- 
posed to  the  air.  It  consists  of  wood  pene- 
trated with  petroleum  or  bitumen,  and  fre* 
quently  contains  pyrites,  alum,  and  vitriol : 
its  ashes  afford  a  small  quantity  of  fixed  al- 
kali, according  to  the  German  diemists ;  but 
according  to  Mr  Mills,  they  contain  none. 
By  distillation,  it  yields  an  ill-smelling  liquor, 
mixed  with  volatile  alkali  and  oil,  part  of 
which  b  soluble  in  alcohol,  and  part  inso- 
luble, being  of  a  mineral  nature. 

It  is  found  in  England,   France,  Italy, 
Switzerland,  Germany,  Iceland,  &c. 

BOYLE'S  FUMING  LIQUOR,    Hy- 
dfoguretted  sulphuret  of  ammonia. 

BRAIN  OF  ANIMAL&  The  brain 
has  long  been  known  to  anatomists;  but  it 
is  only  of  late  years  that  chemists  have  paid 
it  any  attention.  It  is  a  soft  white  substance^ 
of  a  pulpy  saponaceous  feel,  and  little  or 
no  smell.  Exposed  to  a  gentle  beat,  it  loses 
moisture^  shrinks  to  about  a  fourth  of  its 
original  bulk,  and  becomes  a  tenacious  mass 
of  a  greenish-brown  colour.  When  com- 
pletely dried,  it  becomes  solid  and  friable 
like  old  cheese.  Exposed  to  a  strong  heat, 
it  gives  out  ammonia,  swells  up,  melts  into 
a  black  pitchy  mass,  takes  fire,  bums  with 
much  flame  and  a  thick  pungent  smoke,  and 
leaves  a  coal  difficult  of  indneration. 

In  its  natural  state,  or  moderatdy  dried, 
it  readily  forms  an  emulsion  by  trituration 
with  water,  and  is  not  separated  by  filtration. 
This  solution  lathers  like  soap-suds,  but 
does  not  turn  vegetable  blue  colours  green. 
Heat  throws  down  the  dissolved  brain  in  a 
flocculent  form,  and  leaves  an  alkaline  phos- 
phate in  solution.  Adds  separate  a  white 
coagulum  from  it;  and  form  salts  with  bases 


of  Ume^  today  and  ammonia.     Alcohol  too 
coagulates  it. 

Caustic  fixed  alkalis  act  very  powerfully 
on  brain  even  cold,  evolving  much  ammonia 
and  caloric.  With  heat  they  unite  with  it 
into  a  saponaceous  substance. 

The  action  of  alcohol  on  brain  is  most  rei> 
roarkable.     When  Fourcroy  treated  it  four 
times  in  succession  with  twice  its  wdght  of 
wdl  rectified  alcohol,  boiling  it  a  quarter  of 
an  hour  each  time  in  a  long-necked  matrass 
with  a  grooved  stopple,  the  three  firat  portions 
of  alcohol,  decanted  boiling,  deposited  by 
cooling  brilliant  laminae  of  a  yellowish-white 
colour,  diminishing  in  quantity  each  time.* 
The  fourth  deposited  very  little.     The  cere- 
bral matter  had  lost  5-8tbs  of  its  wdght; 
and  by  the  spontaneous  deposition,  and  the 
subsequent  evaporation  of  the  alcohol,  half 
of  this  was  recovered  in  needly  crystals,  laige 
scales,   or  granulated  matter.      The  other 
half  was  lost  by  volatilization.     This  crys- 
tallized substance,  of  a  fatty  appearance,  was 
agglutinated  into  a  paste  undier  the  finger; 
but  did  not  mdt  at  the  heat  of  boiling  water, 
being  merdy  softened.     At  a  higher  tern* 
perature   it  sudd«ily  acquired  a  blackish- 
ydlow  colour,  and  exhaled  during  fusion  an 
empyreumatic  and  ammoniacal  smell.     This  . 
shows  that  it  is  not  analogous  to  spermaceti, 
or  to  adipocere ;  but  it  seems  more  to  re- 
semble the  fat  lamellat^d  crystals  contuned 
in  some  biliary  calculi,  which,  however,  do 
not  soften  at  a  heat  of  234^*  F.,  or  become 
ammoniacal  and  empyreumatic  at  this  tem- 
perature, as  the  crystalline  cerebral  oil  does. 
A  portion  of  this  concrete  oil,  separated 
from  the  alcohol  by  evaporation  in  the  sun, 
formed  a  granuUrted  pellide  on  its  surfiue^ 
of  a  consistence  resembling  that  of  soft  soap. 
It  was  of  a  yellower  colour  than  the  former, 
and  has  a  marked  smell  of  animal  extract^ 
and  a  perceptible  saline  taste.     It  was  diffu- 
sible in  water,  gave  it  a  milky  appearance^ 
reddened  litmus  paper,  and  did  not  become 
really  oily  or  fusible  after  the  manner  of  an 
oil,  till  it  had  given  out  ammonia,  and  de- 
posited carbon,  by  the  action  of  fire  or  caustic 
alkalis. 

A  similar  action  of  alcohol  on  the  bnun, 
nerves,  and  sfHual  marrow,  is  observed  after 
long  maceration  in  it  cold,  when  they  are 
kept  as  anatomical  preparations. 

Vauquelin  analyzed  the  brain,  and  found 
the  following  constituents  in  100  parts :  80 
water,  4.53  white  fatty  matter,  a?  reddish 
fatty  matter,  7  albumen,  1. 12  osmazome,  1.5 
phosphorus,  5.15  adds,  salts,  and  sulphur. 
The  medulla  oblongata  and  nerves  have  the 
same  chemical  compodtion. 

The  spontaneous  change  that  bnun  under- 
goes in  certain  situations,  has  already  been 
noticed  under  the  artide  Anpocere. 

BRANDY.  This  well  known  fluid  is 
the  spirit  distilled  from  wine.     The  greatest 
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qwiBtidCT  are  nuMk  In  Languedoc,  wfaera 
this  oaanufacture,  upon  the  whole  90  perni- 
doiui  to  lodety,  first  oomniencecL  It  ii  ob- 
tained by  distillatioD,  in  the  usual  method, 
bj  a  still  which. contains  five  or  six  quintals 
of  wine^  and  has  a  capital  and  worm  tube 
applied.  Its  peculiar  flavour  depends,  no 
doubt,  on  the  nature  of  the  volatile  principles 
or  essential  oil  which  come  over  along  with 
it,  and  likewise,  in  some  measure,  ■  upon  the 
management  of  the  fire,  the  wood  of  the 
cask  in  which  it  is  kept,  &c.  It  is  said, 
that  our  rectifiers  imitate  the  flavour  of 
brandy,  by  adding  a  small  proportion  of  ni- 
trous etber  to  the  spirit  of  malt  or  molaases. 
See  AijcX)hol. 

BRASQU£.  A  term  used  by  the  French 
metaUuxgists,  to  denote  the  lining  of  a  cruci- 
ble or  a  furnace  with  charooaL 

BRASS.  A  yellow-coloured  compound 
metal,  consisting  of  copper  combined  with 
about  one^half  of  its  weight  of  zinc.  The 
best  brass  is  made  by  cementation  of  cala- 
mine, or  the  ore  of  zinc,  with  granulated 
copper.     See  Copper. 

BRASSICA  RUBRA,  the  red  cab- 
bage, aflfoids  a  very  excellent  test  both  for 
adds  and  alkalis ;  in  which  it  is  superior  to 
litmus,  being  naturally  blue,  turning  green 
with  alkalis,  and  red  with  acids.  The  minced 
leaves  may  be  dried  before  the  fire  till  they 
become  quite  crisp,  when  tbey  ought  to  be 
put  into  a  bottle,  and  corked  up.  Hot  wa- 
ter, poured  on  a  little  of  the  dried  leaves, 
afibrds  an  extemporaneous  test  liquor  for 
adds  and  alkalis.  The  purple  petals  of  vio- 
lets may  be  preserved  in  the  same  way ;  as 
well  as  those  of  the  pink-coloured  iychnit, 
and  scarlet  rose. 

BR AU RITE.  The  brachytypous  ore  of 
manganese.  Its  constituents,  according  to 
Dr  Turner,  arc   ■ 

Protoxide  of  manganese^     86.94 
oxygen,  9.851 

water,  0.94>9 

baryta,  2.260 

silica,  a  trace 
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BRAZILWOOD.  The  tiee  that  affords 
this  wood,  the  ceesalpina  crista,  is  of  the 
growth  of  the  Brazils  in  South  America,  and 
also  of  the  Isle  of  France,  Japan,  and  else- 
where. .  It  is  chiefly  used  in  the  process  of 
dydng.  The  wood  is  considerably  hard,  is 
capable  of  a  good  polish,  and  is  so  heavy 
that  it  sinks  in  water.  Its  colour  is  pale 
when  newly  cut,  but  it  becomes  deeper  by 
exposure  to  the  air.  The  various  spedmens 
differ  in  the  intensity  of  thdr  colour ;  but 
the  heaviest  is  reckoned  the  most  valuable. 
It  has  a  sweetish  taste  when  chewed,  and  b 
distinguished  from  red  sanders  or  sandal,  by 
its  property  of  giving  out  its  colour  with 
water,  .which  this  last  does  not 


If  the  brazil  wood  be  boiled  in  water  for  a 
suflident  time,  it  communicates  a  fine  red 
colour  to  that  fluid,  llie  residue  is  very  dark- 
coloured,  and  gives  out  a  considerable  por- 
tion of  colouring  matter  to  a  solution  of  al- 
kalL  Alcohol  extracts  the  colour  from  bra- 
zil wood,  as  does  likewise  the  volatile  alkali ; 
and  both  these  are  deeper  than  the  aqueous 
solution.  Tlie  spirituous  tincture,  according 
to  Dufay,  stains  warm  marble  of  a  purplish- 
red,  which,  on  increasing  the  heat,  becomes 
violet ;  and  if  the  stained  marble  be  covered 
with  wax,  and  considerably  heated,  it  changes 
through  all  the  shades  of  brown,  and  at  last 
becomes  fixed  of  a  chocolate  colour. 

The  colours  imparted  to  cloth  by  brazil 
wood  are  of  little  permanence.  A  very  mi- 
nute portion  of  alkali,  or  even  soap,  darkens 
it  into  purple.  Hence  paper  staiiMd  with  it 
may  be  used  as  a  test  of  saturation  with  the 
salts.  Alum  added  to  the  decoction  of  this 
wood  occasions  a  fine  crimson-red  predpitato, 
or  lake,  which  is  increased  in  quantity  by 
the  addition  of  alkali  to  the  liquor.  The 
crimson-red  colour  is  also  precipitated  by 
muriate  of  tin ;  but  it  is  darkened  by  the  salts 
of  iron.  Adds  change  it  to  ydlow ;  from 
which,  however,  solution  of  tin  restores  it  to 
its  natural  hue.  The  extract  of  brazil  wood 
reddens  litmus  paper,  by  depriving  it  of  the 
alkali  which  darkens  it. 

BREAD.  When  flour  is  kneaded  tog». 
ther  with  water,  it  forms  a  tough  paste,  con- 
taining these  principles  very  little  altered, 
and  not  easily  digested  by  the  stomach.  The 
action  pf  heafproduces  a  considerable  change 
in  the  gluten,  and  probably  in  the  starch, 
rendering  the  compound  more  easy  to  mas- 
ticate, as  wdl  as  to  digest.  Hence  the  finrt 
approaches  towards  the  making  of  bread  con^ 
sisted  in  parching  the  com,  dther  for  imme- 
diate use  as  food,  or  previous  to  its  tritura^ 
tion  into  meal ;  or  else  in  baking  the  flour 
into  unleavened  bread,  or  boiling  it-int^ 
masses  more  or  less  consistent;  of  all  whieh 
we  liave  sufiident  indications  in  the  histories 
of  the  earlier  nations,  as  well  as  in  the  va- 
rious practices  of  the  modems.  It  appeara 
likewise  from  the  Scriptures,  that  the  practioe 
of  making  leavened  bread  is  of  very  con- 
siderable antiquity ;  but  the  addition  of  yeasty 
or  the  vinous  ferment,  now  so  generally 
used,  seems  to  be  of  modem  date. 

Unleavened  bread,  in  the  form  of  small 
cakes,  or  biscuit,  is  made  for  the  use  of  ship- 
ping in  large  quantities;  but  most  of  the 
bread  used  on  shore  is  made  to  undergo,  pre- 
vious to  baking,  a  kind  of  fermentation,  which 
appears  to  be  of  the  same  nature  as  the  fer- 
mentation of  saccharine  substances ;  but  Is 
checked  and  modified  by  so  many  drcum- 
stances,  as  to  render  it  not  a  little  difiicult 
to  speak  with  certainty  and  precision  respeci- 
ing  it 

When  dough  or  paste  is  left  to  undeigo  a 
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ID  Ml  Open  TeMelf 
the  ywnoaa  pttts  of  the  iiie»  are  dillcreiitly 
ai&cted,  acoorcUng  to  the  humidity,  the  thick-* 
nett  or  thinneM  of  the  putt  the  vidiiity  or 
reonotenea  of  fire^  and  other  drcumstanoei 
lew  eealy  investigated.  The  saochariDe  part 
is  disposed  to  beoMDe  converted  into  alcohol, 
the  mucilage  has  a  tendency  to  become  sour 
and  mouldy,  while  the  gluten  in  all  probi^ 
hflity  verges  towanl  the  putrid  state.  An 
entire  change  ia  the  chemical  attractions  of 
the  several  component  parts  must  then  take 
place  in  a  progressive  manner,  not  alti^gether 
the  same  in  ite  internal  and  more  humid 
parts  as  in  the  external  parts,  which  not  only 
become  dry  by  smiple  evaporation,  but  are 
acted  upon  by  the  surrounding  air*  Tlie 
4mtside  may  therefora  become  mouldy  or 
putrid,  while  the  inner  part  may  be  only  ad- 
vanced to  an  add  state.  Occasional  admix- 
ture of  the  mass  would  of  course  not  only 
produce  some  change  in  the  rapidity  of  this 
alterMion,  but  likewise  render  it  more  uni- 
form throuf^out  the  whole.  Tlie  effect  of 
this  commencing,  fermentation  is  found  to 
be^  that  the  mass  is  rendered  more  digestible 
and  light;  by  which  last  expression  it  is 
understood,  that  it  is  rendered  much  more 
porous  by  the  disengagement  of  elastic  fluid, 
that  separates  its  parts  from  each  other,  and 
greatly  increases  its  bulk.  The  operation  of 
baking  puts  a  stop  to  this  process,  by  evapo- 
rating great  part  of  the  moisture  which  is 
.requisite  to  fiivour  the  chemical  attraction, 
and  probably  also  by  still  ftrther  changing 
the  nature  of  the  component  parts.  It  is  then 
.bread. 

Bread  made  according  to.  the  preceding 
method  will  not  possess  the  uniformity  which 
is  requisite,  because  some  parta  may  be 
mouldy,  while  others  are  not  yet  sufficiently 
changed  from  the  stste  of  dough.  The  same 
means  are  used  in  this  case  as  have  been 
found  effectual  in  promoting  the  unifona 
liermentatkin  of  laige  masses.  This  consists 
in  the  use  of  a  leaven  or  feraient,  which  is  a 
amaU  portion  of  some  matter  of  the  same 
Jund,  but  in  a  more  advanced  stage  of  the 
fermentation.  After  the  leaven  has  been 
well  inoorporsted  by  kneading  into  fresh 
dough,  it  not  only  brings  on  the  fermentation 
with  greater  speed,  but  causes  it  to  take 
place  in  the  whole  of  the  mass  at  the  same 
time;  and  as  soon  as  die  dough  has  by  this 
means  acquired  a  due  increese  of  bulk  from 
the  carbonic  add  which  endeavours  to  escape^ 
it  is  judged  to  be  suffidendy  fermented,  rad 
ready  for  the  oven. 

The  fermentation  by  means  of  leaven  or 
sour  dough,  is  thought  to  be  of  the  acetous 
kind,  beoiuse  it  is  generally  so  managed 
that  the  bread  has  a  sour  flavour  and  tasta 
But  it  has  not  been  ascertained  that  this 
acidity  proceeds  from  true  vinegar.  Bread 
raised  by  leaven  is  usually  made  of  a  mix- 


tore  of  wheat  and  lye,  not  very  aecorately 
dcarad  of  the  bran.  It  is  distfaigoiabad  by 
the  name  of  rye^iread ;  and  the  mixture  of 
these  two  kinds  of  grain  is  called  brsad-corn, 
or  meslin,  in  many  parte  of  the  kingdom, 
where  it  is  raised  on  one  and  the  ssme  piece 
of  ground,  and  passes  through  all  the  pro- 
cesses of  reaping,  threshing,  grinding,  &c. 
in  this  mixed  state. 

Yeest  or  barm  ia  used  as  the  ftnnent  for 
the  finer  kinds  of  bread.  This  is  the  mud* 
laginous  froth  which  rises  to  the  turfiuse  of 
beer  in  ite  first  stage  of  iermentalion.  ¥licn 
it  is  mixed  with  dough,  it  produces  a  much 
more  epeedy  and  effectual  fermentation  than 
that  obtained  by  leaven,  and  the  bread  is 
accordingly  much  lighter,  and  scarcely  ever 
eour.  lli^  fermentation  by  yeest  seems  to 
be  almost  certainly  of  the  vinous  or  spifitii* 
ous  kind. 

Bread  is  much  more  unifermly  miscible 
vrith  water  than  dou(^ ;  and  on  this  eircum* 
stance  ite  good  qual&s  most  probably  do  in 
a  great  measure  depend. 

A  very  great  number  of  processes  are  uaad 
by  cooks,  confectioners,  and  others,  to  make 
cskes,  puddings,  and  other  kinds  of  bread,  in 
vdiich  di£ferent  qualities  are  required.  Soma 
cskes  are  rendered  brittle^  or  as  it »  called 
Mori,  by  an  admixture  of  sugar  or  of  standi. 
Another  kind  of  brittleness  is  given  by  tfaa 
addition  of  butter  or  fht.  White  of  tggf 
gum-water,  isinglass^  and  other  adhesive  sub- 
stances, are  used,  vrhen  it  is  intended  that 
the  effect  of  fermentation  shall  expand  the 
dough  into  an  exceedingly  porous  mass.  Dr 
Perdval  has  recommended  the  addition  of 
salcp,  or  the  nutritious  powder  of  the  Ofcfaia 
root.  He  says,  that  an  ounce  of  sslep,  di^ 
solved  in  a  quart  of  water,  and  mixed  with 
two  pounds  of  flour,  two  ounces  of  yeast, 
and  eighty  grains  of  salt,  produced  a  rsmarb* 
ably  good  loa^  ireigfaing  three  pounds  two 
ounces ;  while  a  loaf  made  of  an  equal  quan- 
tity of  the  other  ingredients,  without  the 
salep,  weighed  but  two  pounds  twelve  ounces. 
If  the  salep  be  in  too  large  quantity,  how- 
ever, ite  peculiar  taste  will  be  distingiusbable 
in  the  Imad.  The  farina  of  potatoes  like- 
wise, mixed  with  wheaten  flour,  makes  very 
good  bread.  The  reflecting  chemist  wIM 
recdre  considerable  information  on  this  suIk 
ject,  from  an  attentive  inspection  of  the  r»> 
cdpte  to  be  met  with  in  treatises  of  cooking 
and  confectionary. 

Mr  Accum,  in  his  late  TVeatise  on  Culi- 
nary Poisons,  stetes,  that  the  inferior  kind  of 
flour  which  the  London  bakers  generally  use 
for  making  loaves,  requires  the  addition  of 
alum  to  give  them  tlie  white  appeerance  of 
bread  made  fhw  fine  flour.  •<  Hie  bakera' 
flour  is  very  often  made  of  the  wont  kinds 
of  damaged  fordgn  wheat,  and  other  cereal 
gndns  mixed  with  them  in  grinding  the  wheat 
into  flour.    In  this  a^tal,  no  fevrer  than  dx 
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^Mwl  %fffi^  of  wlMten  flo«Mr  we  J^tougM  whua»  by  crumliUiig  itdowo  wfa«n  hmmwImi 
into  teinrhel.  Tbeyare  called  fine  flour,  stale  in  distilled  water,  aqueeiing  tbe  party 
aaconds,  middliiiga,  fine  iDiddling%  coaree  mass  through  a  piece  of  cloth,  and  liien  pasa- 
m^Uiga^  and  twenty-penny  floor.  Com*  ing  the  liquid  tbnmgh  a  paper  filler.  A 
moo  garden  beans  and  pease  are  also  fire*  limpid  infusion  will  thus  be  obtained.  It  is 
quently  ground  up  among  the  JLondon  bread  difificult  to  procure  it  dear  if  we  use  new 
2g„y,  bread  or  hot  water.     A  dilute  solution  of 

«  The  liffitltiMA  quantity  of  alum  that  can  muriate  of  baryta  dropped  into  the  filtcved 
be  employed  with  effect  to  produce  a  whiter  infusion,  will  indicate,  by  a  white  cloud,  more 
light,  and  porous  bread  firom  an  inferior  kind  or  less  heavy,  the  presence  and  quantity  of 
offlonr,  I  have  my  own  baker's  authority  to  alum.  I  find  that  genuine  bread  gives  no 
jtaff^  is  from  Aree  to  four  ounces  to  a  sack  precipitate  by  this  treatment.  The  earthy 
of  flour  weighing  240  pounds."  adulterations  are  easily  discovered  by  incinei> 

**  Tbe  following  account  of  making  a  sack  rating  the  bread  at  a  red  heat  in  a  shaUow 
or  five  bushels  of  flour  into  breadyis  taken  eardi  vessel,  and  treating  the  residuary  ashes 
ftom  Dr  P.  Matkham*s  Considerations  on  with  a  little  nitrate  of  ammonia.  The  earths 
the  Ininedients  uaed  in  the  Adulteration  of  themselves  will  then  remain,  characterised  by 
fkmr  and  Bread,  p.  21.  t^«r  whiteness  and  insolubility. 

Under  Process  of  Baking,  in  tbe  Supple^ 
Hve  bushels  flour,  vaenx  to  the  Encydopasdia  Britannica,  we 

Eight  ounces  of  alum,  have  the  following  statement:  *<  An  ounce  of 

Pour  lbs.  salt,  alum  is  then  dissolved  over  the  fire  in  a  tin^ 

Half  a  gallon  of  yeast,  mixed  with  about    pot,  and  the  solution  poured  into  a  large  tub^ 
Three  gallons  of  water.  called  by  the  bakers  the  seasofdng-4ul»*  Four 

pounds  and  a  half  of  salt  are  likewise  put  in* 
**  Another  substance  employed  by  fraudu-     to  the  tub,  and  a  pailful  of  hot  water."   Not^ 
lent  bakoa  is  subcarbonate  of  ammonia,     on  this  passage. — *<  In  London,  where  the 
"With  this  salt  they  realise  tbe  important  con^     goodness  of  In^  is  estimated  entirely  by  it* 
aideration  of  producing  light  and  porous     whiteness,  it  is  usual  with  those  bakers  who 
biead  from  spoiled,  or  what  is  technically     employ  flour  of  an  inferior  quality,  to  add  m 
called  sourjhur.     This  salt,  which  becomes    much  alum  as  common  salt  to  the  dough) 
wholly  converted  into  a  geseous  substance     or,  in  other  words,  the  quantity  of  salt  add- 
durimc  the  operation  of  •Udung*  causes  the     ed  is  diminished  one-half,  and  the  defidency 
dou^  to  swdl  up  into  air  bubbles,  which     supplied  by  an  equal  wdght  of  alum.     Thi^ 
cany  befoie  them  the  stiff  dough,  and  thus     improves  the  look  of  the  bread  very  much, 
it  lenders  the  dough  porous :  the  salt  itself  is     rendering  it  much  whiter  and  firmer." 
at  the  same  time  totally  volatilised  during  the         In  a  passage  which  we  shall  presently 
npention  of  baking."—"  Potatoes  are  like-     quote,  our  author  represents  the  bakers  of 
vriae  laigely,  and  perhaps  constantly,  used  by     London  joined  in  a  conspiracy  to  supply  tfa^ 
fraudulent  bakers,  as  a  cheap  ingredient,  to     dtiiens  with  bad  bread.     We  may  hence  in- 
enhance  thar  profit,"—"  There  are  instances     fer,  that  the  full  aUowance  he  assigns  of  ^ 
of  convictiona  on  reoonl,  of  bakers  having    pounds  of  alum  for  every  2  J  pounds  of  salt, 
used  gypsum,  chalk,  and  pipe  clay,  in  the     will  be  adapted  in  converting  a  sack  of  flour 
manufocture  oi  biead."  into  loaves.     But  as  a  sack  of  flour  weighs 

Mr  £.  Davy,  Pro£  of  Chemistry  at  the  280  pounds,  and  furnishes  on  an  aversge  80 
Cork  Institution,  has  made  experiments,  quartern  loaves  we  have  2^  pounds  divided 
■bowing  that  from  twenty  to  forty  grains  <^  by  80,  or  l£?^-i^  «  1W7  grains,  for 
common  caibonate  of  magnesia,  weU  mixed      ^80 

with  a  pound  of  the  worst  new  seconds  flour,  ii,^  quantity  present  by  thu  writer  in  a  Lon- 
materiaUy  improved  tbe  quality  of  the  bread  ^qq  quartern  laa£  Yet  in  the  very  same  page 
bi^ed  with  it  (39th  of  voL  ii.)  we  have  ibe  fcJlowing  paasr 

The  habitual  and  daily  introduction  of  a  ^ge:  "  Alum  is  not  added  by  all  bakers.  Tbe 
portion  of  alum  into  tbe  human  stomach,  writer  of  this  artide  has  been  assured  by  se- 
however  small,  must  be  pr^udicial  to  the  ex*  veral  bakers  of  respectability,  both  in  Edin- 
adse  of  its  functions,  and  particularly  in  iniygh  and  Gbogow,  on  whose  testimony  he 
parsons  of  a  bitious  and  costive  habit.  And  i^es,  and  who  made  excellent  bread,  that 
beside^  as  tbe  best  sweet  flour  never  stands  they  never  employed  any  alum.  The  reaaoo 
jn  need  of  alum,  the  presence  of  this  salt  in-  f^  adding  it  given  by  the  London  bakers  is, 
dicatcs  an  infiericr  and  highly  acescent  food ;  that  it  renden  the  bread  whiter,  and  enables 
which  cannot  fail  to  aggravate  dyspepsia,  and  them  to  separate  readily  the  loaves  from  each 
which  may  generate  a  cslculous  diathesis  in  ^tber.  This  addition  has  been  alleged  by 
the  urinary  organs.  Every  precaution  of  medical  men,  and  is  considered  by  the  coror 
science  and  law  ought  therefore  to  be  em-  munity  at  larger  as  ii^uiious'  to  the  health, 
ployed  to  detect  and  fU/p  such  deleterious  by  ocoasiooing  constipation.  Butifwecon- 
adukenitiom.     Br«ad  may  be  analysed  for    ^^  the  small  quantity  of  this  salt  added  by 
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the  btkoT)  nol  quite  5^  gndns  to  •  quartern  swer  his  purpose  of  making  a  plemiuit  cadng 
leaf^  we  will  not  readily  admit  these  ollega-  bread.  But  it  is  a  very  serious  thing  for  a 
tions.  Suppose  on  individual  to  eat  the  lady  or  gentlemaa  of  sedentary  habits^  or  i»* 
seventh  part  of  a  quartern  loaf  a-day,  he  firm  constitutioo,  to  have  their  digestive  pro- 
would  only  swallow  eigfat^tentha  of  a  grain  of  cess  daily  vitiated  by  damaged  fiour,  whitened 
alum,  or,  in  reality,  not  quite  so  much  as  with  197  grains  of  alum  per  quartern  loaf, 
half  a  grain,  for  one-half  of  this  salt  consists  Acidity  of  stomach,  indigestion,  flatulence, 
of  water.  It  seems  absurd  to  suppose  that  half  headaches,  palpitation,  costivencse,  and  urinary 
a  grain  of  alum,  swallowed  at  different  times  calculus,  may  be  the  probable  consequences 
during  the  course  of  a  day,  should  occasion  of  the  habitual  introduction,  of  so  much  act- 
constipation."  Is  it  not  more  absurd  to  state  dulous  and  acescent  matter. 
m  pounds,  or  36  ounces,  as  the  alum  adul-  I  have  made  many  experiments  on  bread, 
tention  of  a  sack  of  flour  by  the  London  and  have  found  the  proportion  of  alum  very 
bakers,  and  within  a  few  periods  to  reduce  variable.  Its  quantity  seems  to  be  propor- 
the  adulteration  to  one  ounce  ?  tional  to  the  badness  of  the  flour ;  and  hence 

That  this  voluntary  abstraction  of  J^  <>f^®  ^^•'*  **"•  *'***  ^*"*^  "  "■^»  ^  •'"™  "**•*  **• 
alum,  and  substitution  of  superior  and  more  introduced.  That  alum  is  not  necessary  for 
expensive  flour,  is  not  expected  by  him  from  g»^"n«  bread  iu  utmost  beauty,  sponginess, 
the  London  bakere,  is  sufficiently  evident  ">d  agreeebleness  of  taste,  u  undoubted ; 
from  the  following  story.  It  would  appear  ■««»  the  bread  baked  at  a  very  extensive  esta- 
that  one  of  hu  friends  had  invented  a  new  blishment  in  Glasgow,  in  which  about  90 
yeast  for  fermenting  dough,  by  mixing  a  *ota  of  flour  were  regularly  converted  into 
quart  of  beer  barm  with  a  paste  made  of  ten  ^<^^»  »  *»>e  course  of  a  week,  unites  every 
pounds  of  flour  and  two  gallons  of  boiling  q"«>«*y  of  appearance,  with  an  absolute  free- 
water,  and  keeping  this  mixture  warm  for  six  ^om  from  that  acido^tringent  drug.  Six 
or  eight  hours.  .  VonndB  of  salt  are  used  for  every  sack  of 

«  Yeast  made  in  this  way,"  says  he,  «  an-  ^^^  i  ^^ich  from  its  good  quality  geoerdly 

swers  the  purposes  of  the  baker  much  better  "ff™^  83  or  84  quartern  loaves,  of  the  legal 

than  brewers'  yeast,  because  it  is  clearer,  and  ^'g^t  of  four  pounds  five  ounces  and  a  half 

free  from  the  hop  mixture  which  sometimes  c«h.     The  kwves  lose  nine  ounces  in  the 

injures  the  yeast  of  the  brewer.     Some  years  o^en.     For  an  account  of  the  constituents  of 

ago  the  bakers  of  London,  sensible  of  the  su-  ^^eat  flour,  see  Wheat. 

periority  of  this  artificial  yeast,  invited  a  com-  BRECCIA.    An  Italian  term,  frequently 

pany  of  manufacturers  from  Glasgow  to  esta-  «««*  *>y  our  mineralogical  writers  to  denote 

blish  a  manufactory  of  it  in  London,  and  pro-  »"<*  compound  stones  as  are  composed  of 

raised  to  use  no  other.     About  L.6000  ac-  ^glutinated  fragments  of  considerable  siae. 

cordingly  were  laid  out  on  buildings  and  ma-  When  the  agglutinated  parts  are  rounded,  the 

terials,  and  the  manufactory  was  begun  on  a  "tone  is  called  pudding-stone.     Breccias  are 

considerable  scale.     The  ale  brewers,  finding  denominated  according  to  the  nature  of  their 

their  yeast,  for  which  they  had  drawn  a  good  component  parts.     Thus  we  have  calcareous 

price,  Ue  heavy  on  thdr  hands,  invited  aU  the  breccias,  or  mariiles ;  and  siliceous  brecdaa, 

journeyman  bokers  to  their  cellars,  gave  them  ^^bich  are  still  more  minutely  classed,  accord- 

their  full  of  ale,  and  promised  to  regale  tiiem  >»«  ^  their  varieties. 

in  that  manner  every  day,   provided  they  BREWING.    See  Beer,  AlotHOL,  and 

would  force  their  masters  to  take  all  their  Feementation. 

yeast  from  the  ale  brewers.   The  journeymen  BREWSTERITE.     Koupbone  Spar.  . 

accordingly  declared,  in  a  body,  that  they  BRICK.    Among  the  num<ftous  branches 

would  work  no  more  for  their  masters,  unless  ^  ^e  general  art  of  fashioning  aigillace- 

they  gave  up  teking  any  more  yeast  frota  «"»  «^«  »»«»  ^^^^  fo™w.  «nd  afterward 

the  new  manufactory.     The  mastera  were  l»rdening  them  by  fire,  the  art  of  making 

obUged  to  comply ;  the  new  manufactory  bricks  and  tiles  is  by  no  means  one  of  the 

was  stopped ;  cmd  the  mhabitantt  of  London  '•■•*  useful. 

were  obliged  to  cofUmue  to  eat  worse  bread.  Common  day  is  scarcely  ever  found  in  a 
becaute  it  wat  the  intereU  of  the  ale  brewera  •«»•«  approacMng  to  purity  on  the  surface  of 
to  sell  the  yeast.  Such  is  the  influence  of  tbe  earth.  It  usually  contains  a  large  pro- 
journeymen  bakers  in  the  metropolis  of  Eng-  portion  of  siliceous  earth.  Beigman  exa- 
)m,j  i»  mined  several  clays  in  the  neighbourhood  of 

This  doleful  diatribe  seems  rather  extra-  Upsal,  and  made  bricks  which  he  baked  wHh 

vagant ;  for  surdy  beer-yeast  can  derive  no-  ▼erious  degrees  of  heat,  suffered  them  to  cooK 

thing  noxious,  to  a  porter-drinking  people,  immersed  them  in  water  for  a  coosidersble 

from  a  sUght  impregnation  of  hops ;  while  it  *»«»«»  »«»«*  *ben  exposed  them  to  the  open  air 

must  form  probably  a  more  energetic  ferment  for  three  years.     TTiey  were  formed  of  clay 

than  the  fermented  paste  of  the  new  company,  «nd  sand.     The  hardest  were  those  into  the 

which  at  any  rate  could  be  prepared  in  six  or  composition  of  which  a  fourth  part  of  sand 

eight  houni  by  any  bajcer  who  found  it  to  an-  bad  entered.     Those  which  had  been  expos- 
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«d  fix  tiM  ahortest  dme  to  tha  iira  were.aU 
mofet  totally  destroyed,  and  cnimbUd  down 
by  the  action  of  the  air.  Such  as  had  been 
more  thoroughly  bunied»  suffered  leas  dam- 
age; and  in  those  which  had  been  formed  of 
clay  alone^  and  were  half  vitrified  by  the  heat, 
no  dbange  whatever  was  produced. 

On  the  whole  he  obserres,  that  the  propor- 
tion of  sand  to  be  used  to  any  clay  in  making 
bricks,  must  be  greater  the  more  such  clay  is 
found  to  contract  in  burning ;  but  that  the 
best  clays  are  those  which  need  no  sand. 
Bricks  should  be  well  burnt;  but  no  vitri- 
fication is  necessary,  when  they  can  be  ren- 
dered hard  enough  by  the  mere  action  of  the 
heat.  When  a  vitreous  crust  might  be  deemed 
necessary,  he  recommends  the  projection  <^ 
a  due  quantity  of  salt  into  the  furnace,  which 
would  produce  the  eflfect  in  the  same  manner 
as  is  seen  in  the  fabrication  of  the  English 
pottery  called  stoneware. 

A  kind  of  bricks  aHJiedfre-Mckt  are  made 
from  aiafee-day,  which  are  very  hard,  heavy, 
and  ooolain  a  large  proportion  of  sand.  These 
are  chiefly  used  in  the  construction  of  furnaces 
lor  steam-engines,  or  other  large  works,  and 
in  linti^  the  ovens  of  gbss-houaes,  as  they 
will  stand  any  degree  of  heat.  Indeed  they 
should  always  be  employed  where  fires  of  any 
intensity  are  required. 

BRICKS  (FLOATING).  Bricks  that 
swim  on  water  were  mannfiMtured  by  the  an- 
dents ;  and  Fabbroni  discovered  some  years 
since  a  substance^  at  Castel  del  Piano^  near 
Santa  Flora,  between  Tuscany  and  the  States 
of  the  Church,  from  which  similar  bricks 
might  be  made.  It  constitutes  a  brown 
earthy  bed,  mixed  with  the  remains  of  plants. 
Hatiy  calls  it  tale  pulveruUtU  titicifere,  and 
Bracfaant  considers  it  as  a  variety  of  meer- 
jdkourn.  The  Germans  name  it  bergmehl 
(mountain  meal),  and  the  Italians  latte  di 
iuma  (moon  milk).  By  Klaproth's  analysis 
it  consists  of  70  silica,  5  alumina,  3  oxide  of 
iron,  12  water,  and  1  loas  in  100  parts.  It 
agreea  nearly  in  composition  with  £iesel- 
guAr. 

B  RILLI  ANT.  Diamond,  cut  in  such  a 
vray  as  to  reflect  light  most  vividly,  u  called 
a- brilliant. 

BRIMSTONE.  See  Sulphur. 
BRIONIA  ALBA.  A  root  used  in 
medidne.  By  the  analysis  of  Vauqudin,  it 
is  found  to  consist  in  a  great  measure  of 
staich,  with  a  bitter  principle,  soluble  in 
water  and  alcohol,  some  gum,  a  v^geto-ani- 
mal  matter  precipitable  by  Infusion  of  galls, 
some  woody  fibre,  a  little  sugar,  and  super- 
malate  and  phosphate  of  lime.  It  has  cathaiv 
tie  powers ;  but  is  now  seldom  prescribed  by 
physicians.     See  Bryokinb. 

BRITHYNE  SALT.     Glauberite. 
BRITISH  GUM.     When  starch  is  ex- 
posed to  a  temperature  between  fiOO'^  and 
700^,  it  swells,  imd  exhales  a  peculiar  smell : 


it  becomes  of  a  brown  colour,  and  in  that  state 
is  employed  by  calico  printers.  It  is  sdubAe 
in.  cuhl  water,  and  does  not  form  a  blue  com- 
pound with  iodine.  Vauquelin  found  it  to 
differ  from  gum,  in  affording  oxalic  instead 
of  mucous  acid,  when  treated  with  nitric  acid. 
-^Drande*t  Manual,  iiL  34*. 

British  gum,  according  to  M.  Marcet, 
consifits  of  carbon  35.7,  oxygen  58.1,  and 
hydrogen  6.2 ;  while  starch  consists  of  car^ 
bon  4^7,  oxygen  49.7,  and  hydrogen  6.6; 
so  that  by  these  results  the  former,  contains 
more  oxygen  and  hydrogen,  but  less  carbon^ 
than  the  latter. 

BROCATELLO.  A  calcareous  stone 
or  marble,  composed,  of  fragments  of  four 
colours,  white,  grey,  yellow,  and  red. 

BROCHANTITE.  A  new  mineral 
from  the  Bank  mines,  of  Ekaterinburg. 
Crystals  in  thin  rectangular  tables,  of  an 
emerald-green  colour,  transparent;  hardness, 
as  green  carbonate  of  copper  on  which  they 
Ue.-'^AHnalt  of  Phil,  viii.  241. 
.  BROME  or  BROMINE.  A  new  ele^ 
mentary  body  of  the  electro-negative  class,  so 
called  from  the  Greek  name  /3^«^f ,  fittor, 
because  it  possesses  a  very  offensive  smell. 

After  passing  for  some  time  a  current  of 
chlorine  through  the  mother  water  of  salt 
works,  a  quantity  of  ether  must  be  poured  on 
the  surface  of  the  liquid,  so  as  entirely  to  fill 
up  the  flask  into  which  it  has  been  put.  These 
two  liquids  are  to  be  thoroughly  intermixed 
by  strong  agitation,  and  then  left  at  rest  for 
a  few  instants,  to  allow  them  to  separate  from 
each  other.  The  ether  is  now  seen  floating 
in  a  stratum  of  a  fine  hyadnthine  red ;  while 
the  mother  water,  of  the  salt  springs,  deprived 
of  colour,  presents  no  more  the  lively  and 
irritating  odour  of  brome,  but  the  soothing 
smell  of  the  ether  held  in  solution. 

The  ethereous  solution  of  brome  loses 
eventually  its  hue  and  disagreeable  odour  on 
agitation  with  some  alkaline  substance,  for  ex- 
ample, with  caustic  potash.  Tbis  absorbs  the 
brome,  and  by  agitating  successively  the  mo- 
ther water  of  salt  worlu,  rendered  yellow  by 
ether,  and  the  coloured  ether  with  potash,  it 
is  possible  to  combine,  #i«h  a  small  quanti^ 
of  this  alkali,  the  whole  brome  afiTorded  from 
a  very  large  body  of  water. 

Ibe  potash,  losing  by  degrees  its  alkaline 
qualities,  is  changed  into  a  saline  matter,  so- 
luble in  wrater,  and  which  crystallizes  in  cubes 
by  the  evaporation  of  the  liquid.  From  these 
cubic  crystals,  brome  is  extracted. 

The  pulverised  crystals,  mixed  with  pure 
peroxide  of  manganese,  being  put  into  a  n- 
tort,  sulphuric  acid,  diluted  with  half  its 
weight  of  water,  is  poured  in.  Ruddy  vapours 
inmiediately  rise,  which  condense  into  drops 
of  brome.  These  may  be  collected  by  plun- 
ging the  neck  of  the  retort  to  the  bottom  of 
a  small  receiver  containing  cold  water.  The 
brome  which  comes  over  in  yi^ur  iadiasolv- 
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«i  ialbit  liquid  I  but  tlMitwfaidiiiooadtns*  Biaaei«ntoi«iokiliQoof  iftudii 

cd  on  the  neck  of  the  retort>  under  the  fom  ool<Nured»  whlk  iodine  makei  it  Uua 

of  little  dropsy  falls  to  the  bottom  of  the  vee*  When  bnane  and  iodine  are  oombined^  the 

eel  from  its  great  specific  gravity.  fonner  panes  to  the  positive  pole^  and  is 

'Whatever  may  be  the  affinity  of  water  for  therefore  more  negative  than  the  ktter  ;  show- 

this  body,  the  Uyer  of  liquid  which  surrounds  ing  thai  its  place  is  between  ohioriiie  and 

it  is  soon  saturated,  and  then,  enclosing  the  iodin& 

brome  on  all  sides,  screens  it  firom  the  sdvent  Broma  unites  with  hydrogen  to  form  by- 
action  of  the  upper  straia.  Finally,  to  pro*  drobramic  add.  See  AoD  (HydbobboiocX 
cure  it  in  a  state  of  great  purity,  it  is  mo^y  The  action  of  brome  on  the  metels  pver 
necenary  to  separate  it,  to  £ree  it  from  the  senta  the  moat  striking  points  of  resemblance 
water  that  it  may  retain,  and  to  distil  it  ftom  between  it  and  chlorine  Antimony  and  ta 
chloride  of  calcium.  bum  when  brought  in  contact  with  brom^ 

Brome  appears  under  the  form  of  a  blacks  Potassium,  on  uniting  with  it,  disengages  so 

ish-red  liquid,  when  viewed  in  mass  and  by  much  heat  and  light,  that  a  detonation  enanea 

reflected  light,  but  of  a  hyadnthine-red  when  sufficiently  violent  to  break  the  vessel  and  pm»> 

n  thin  fibn  of  it  is  interposed  between  the  ject  the  materials, 

light  and  the  eye.  Tlie  bromides  thus  diraotly  formed,  for  in*> 

Its  very  unpleasant  smell  reminds  one  of  stance  that  of  potassium,  seem  to  be  identiealb 

that  of  the  oxides  of  chlorine,  though  it  is  for  in  their  appearance  and  properties,  with  thoat 

more  intense.  obtained  by  treating  the  metallic  oxides  wilk 

Its  taste  is  peculiarly  strong.  bydrobromic  add,  dther  in  the  dry  way,  or 

It  attacks  organic  substance^  as  ^ood,  by  evapoBBdng  thdr  liquid  combinations.  Hie 

cork,  &c,  and  particularly  the  skin,  which  it  hydrobromates  are  easily  reoi^sed  by  the 

tinges  yellow,  and  coirodes.    This  hue  disap>  foculty  which  they  possem  of  becoming  yellow, 

pears  after  some  Ume;  but  if  the  contact  of  and  evolving  brome^  when  any  body  strongly 

the  brome  has  continued  somewlwt  long,  the  attrsctive  of  hydrogen  acts  on  them,  suck 

colour  wears  off  only  with  the  epidermis.  m  chlorine,  or  the  chloric  and  nitric  adds ; 

Itacts  with  energy  on  the  animal  functions,  whence  the  uae  of  the  first  substance  in  the 

A  drop  let  fall  into  the  beak  of  a  bird  was  extraction  of  brome.     All  the  bromides,  in*. 

.efficient  to  kill  it.  deed,  are  decomposed  by  chlorine,  with  the 

Tlie  spedfic  gravity  taken  on  a  minute  disengagement  of  bromob 

quantity,  was  found  to  be  2.966.  BronwU  ofpoiastUm  crystaOixes  in  cubes^ 

Brome  does  not  ooogeal  at  a  temperature  or  somctimea  in  long  rectangular  paralleloi. 

ofCy^F.                                           .    .  pip«l*-    Ithasasharptasta.    Exposed totho 

It  is  volatila     When  a  drop  of  it  is  put  action  of  caloric  it  decrepitates,  and  undeigoca 

into  a  vessel,  this  is  immediately  filled  with  igneous  fusion,  without  undergoing  any  other 

the  peculiar  deep  ruddy  vapours,  tery  similar  diange. 

to  the  fumes  of  nitrous  add.     It  boUs  at  Chlorine  decomposes  it  at  an  elefatedtcnw 

1 1&6^  F. ;  but  it  suffers  no  change  of  va-  perature.    Brvvne  is  diaengaged,  and  chkrido 

ture  on  being  transmitted  through  an  ignited  of  potassium  remains.     Iodine  has  no  action 

tube.  on  it,  even  at  an  elevated  tempentuiCk     Ob 

Brome  is  a  non-conductor  of  voltaic  elec-  the  other  hand,  brome  made  to  pass  onrer 

tridty ;  for  when  a  column  of  i^  3  or  4»  lines  fused  iodide  of  potassium,  disengages  violet 

long,  is  interposed  in  the  circuit  for  decomr  vapours  in  abundancei 

posing  water,  the  electrical  action  ceases.  Boric  add  does  not  decompose  at  a  red  bcot^ 

Nor  does  electridty  appear  capable  of  da-  unless  steam  be  transmitted  over  the  ignited 

composing  brome ;  for  it  neither  suffers  di-  mixtures     In  this  case^  hydrobromic  add  is 

minution  of  volume,  nor  disengages  any  ga«,  evolved, 

when  exposed  to  the  action  of  that  power.  Solution  of  this  salt  in  water  does  diseolvtt 

The  vapours  of  brome  cannot  support  com-  no  more  brome  than  simple  water, 

bustioo.    A  lighted  taper  plunged  into  them  Sulphuric  add  decomposes  it,  with  the  dis- 

is  soon  extinguished ;  but,  before  going  out^  engagement  of  hydrobromic  acid  and  bromcw 

it  burns  for  some  instants  with  a  flame  which  Bromide  of  potassium,  decomposed  by  sul- 

is  green  at  the  base,  and  reddish  towards  the  phuric  add,  leaves  sulphate  of  potash ;  whence 

tofb  just  as  happens  with  chlorine  gab  *  the  composition  of  the  bromide  seeoM  to  ba^ 

Brome  is  soluble  in  water,  alcohol,  and  in  100  parts, 

particularly  in  ether.     Sulphuric  add  floats  Brome,        -        -        65.56 

above  biome,  but  diaiolves  a  voy  minute  por-  Potaasiom,     -        -     34.44 ; 

tionofit.     Oil  of  olives  acts  in  a  slow  man-  whence  the  prime  equivalent  of  brome  coobcb 

ner.  out  9.5  to  oxygen  1.     This  is  nearly  the  half 

It  does  not  redden  tincture  of  Utmua,  but  of  some  of  the  atomic  weights  of  chlorine  and 

it  qwedily  deprives  it  of  colour,  nearly  as  iodine. 

chlorine  would  do.      Tlie  sulphuric  eolution  Ifydrobromait  9f  omaioaaa  is  formed  by 

of  indigo  is  equally  decoloured.  tlie  union  of  equal  volumes  of  hydrobroBiic 
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^MttaAmaaoMB^    Itm^akdtelbnnidia         Th*  deutobrottiide  of  tin,  congBponding 
tiM  liquid  wy  hmm  hydrobromic  acid,  or  by     to  ttae  Aiming  liquor  of  LibaTiufl, 


putting  brome  into  water  of  ammoiiia.     The  few  of  the  properties  of  thia  oompoond. 

yesuhe  of  this  action  are  the  emiaaioii  of  heat  Bromides  tf  mercury.     Mercury  combine* 

wicfaoatUght,  the  disengagement  of  aiotc^  and  in  aereral  proportions  with  brome.  Asoiution 

the  Ibraiatioa  of  bydrobromatie  of  ammonia,  of  an  alkaline  bydrobromate,  acting  on  the 


Nothing  corresponding  to  chloride  of  aaole     protonitrate  of  mercury,  determines  the  form- 
to  be  produced.  ation  of  a  white  precipitate,  similar  to  calomel. 


Hydrobnmitte  of  ammonia  is  solid,  white»  and  which  appears  to  be  a  protobromide  of 

becoming  yellow  in  moist  air,  and  tiius  ac*  this  roetaL     Brome  attacks  mercury  power- 

quira  the  faculty  of  reddening  the  blue  of  fully.     The  combination  takes  phioe  with  a 

paper.     It  crysuUices  in  long  prisma^  disengagement  of  heat,   without  light.     A 


on  which  other  smaller  ones  are  implanted  at  white  matter  results,  sublimable  by  heat ;  so* 

ri^t  angles.     It  is  Tolatiliaed  by  heat.  luble  in  water,  alcohol,  and  especially  in  edier ; 

Hydmhromato  of  baryta^      This  salt  ii  precipitable  in  a  red  or  yellow  form  by  alkalis ; 

farmed  by  agitating  the  ethereous  soiutioa  of  and  presenting  thus  many  analogies  with  cor- 

brooM  with  hydrate  of  baryta,  or  by  the  direct  rosiTe  subymata     It  is  charscteriaed,  howw 

union  of  baryta  and  hydrobromic  acid.  ever,  by  the  faculty  of  affording  ruddy  yn^ 

Hydrobffomace  of  baryta  fuses  on  exposure  pours  of  brome,  when  treated  with  nitric,  and 

Id  heat.  ttUl  more  so  with  sulphuric  add,  on  account 

It  is  Tery  soluble  in  water,  as  well  as  in  of  the  higher  heat  to  which  the  latter  may  be 

alcohol.  mbjectcd. 

Ita  crystals,  grouped  under  an  opaque         Bromide  of  sUver,     The  nitrate  of  silver 

mammehued  form,  have  no  resemblanoe  to  produces,  with  the  soluble  hydrobromatas,  ■ 

the  transparent  scales  of  muriate  of  baryta.  curdy  precipitate  of  bromide  of  silver. 

Bydrobrom&ie  rf  magnesia  h  an  uncrystal*         This  compound,  of  a  pale  canary-yellow 

Umble  ddiquesoent  salt,  decomposed  like  the  hue  when  dried  in  the  shade,  blackens  when 

noriate  by  exposure  to  a  high  heat.  moist  in  the  light,  but  less  easily  than  chlo* 

Bromide  of  Head,     When  into  a  solution  of  ride  of  silyer.     Like  it,  it  is  insoluble  in 

a  salt  of  lead  some  drops  of  a  hydrobromate»  water,'  soluble  in  water  of  ammonia,  and  in- 

diseohred  in  water,  are  poured,  a  white  pred-  soluble  in  nitric  add,  which  produces  no 

phate  ensues  of  a  crystalline  aspect,  like  chlcK  effect  on  it,  ^ven  at  its  boiling  heat;  but 

rideoflesd.  This  predpitate  on  being  strongly  bailing  sulphuric  add  disengages  from  it 

lieated  fuses  into  a  red  liquid,  which  exhales  some  vapours  of  brome. 
liun  white  vapoursw     It  afterwards  concrete*         Broniide  of  silver  fuses  by  heat  into  a  red- 

oo  cooling  into  a  fine  yellow  mass,  like  mineral  dish  liquid,  which  concretes  by  cooling  into 

yellow.     The  pulverulent  bromide  of  lead  ie  a  substance  of  a  yellow  cokmr,  and  a  horny 

decomposable  by  the  nitric  and  sulphuric  adds*  appearance.     Hydrogen  in  the  gaseous  state 

vrith  disengagement  ofbrome  in  the  first  casei  can  also  effect  its  decomposition.     Metallic 

and  of  brome  with  hydrobromic  add  in  the  silver  and  hydrobromic  add  result.     The 

second.     After  it  has  acquired  a  stony  hard-  bromide  of  silver  was  analysed  on  this  prii^ 

■ess  by  fusion,  it  u  no  longer  acted  on  by  dpie  :«-A  quantity,  exacdy  wdgbed,  was  in-> 

nicrie  acid,  but  yields  only  to  boiling  sulphuric  troduced  into  a  mixture  of  pure  zinc  granu- 

add.  lated,  and  dilute  sulphuric  arid.     The  silver 

DeutobromideifHn.  Tin  diasolvca  in  liquid  was  rerived,  and  ita  wdght  was  taken  after 

hydrobromic  add  with  disengagement  of  by*  the  whole  sine  had  been  completdy  dissolved 

drogen.  away.    The  mean  of  two  experiments,  which 

"nie  resulting  hydrobromate,  evaporated  to  ditiRered  litde  foom  each  other,  gave  for  the 

dryness,  u  transformed  into  a  protobromide*  composition  of  this  body,  in  100  parts, 
very  different  from  the  combination  obtained  Silver,        -  -  58.9 

by  tbe  direct  action  of  brome  on  tin,  which  is  Brome,        -  -  41. 1 

a  bibromide.  This  makes  the  prime  equivalent  very 


Tin  bums  in  contact  with  brome*  and  is  neariy  9*6  to  silver  13.75,  whidi  approaches 

converted  into  a  soKd  compound,  white,  of  a  very  neariy  to  10,  the  half  sum  of  chlorine 

crystalline  appearance^  very  fusible,  and  easily  and  iodine. 

vohrtilised.     This  broniide  difftiees  in  moist  Berselius  gives  489.15  for  the  atomic 

air  alight  traces  of  white  vapours.    It  dissolves  weight  of  brome ;  5. 3933  for  the  density  of 

in  water  without  produdng heat,  and  is  con>  ita  vapour;  2.373  Ibr  the  density  of  hydro* 

verted  into  the  add  deutobromate.  bromic  add. 

Placed  in  hot  sulphuric  add  it  melta,  and  Bromide  fffgoUU    Brome,  and  ita  aqueous 

lemaiiis  at  the  bottom  of  the  liquid,  in  the  solution,  dissolve  lamina  of  gold.    A  yellow 

font  of  drops  of  oil,  vrithont  suffering  any  bromide  b  thus  procured,  which  gives  a  violet 


isible  change.  Nitric  add,  on  the  other  hand,     stain  to  animal  substances,  and  is  decomposed 
produces  in  a  few  secMids  a  brisk  erahition  of    by  heat  into  brome  and  metallic  gold. 
beoae.  JPkUinum  dissolves  in  broraonltrie  Add, 
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tliough  it  m  not  acted  on  by  brome  at  ordi- 
nary teoiperatum,  and  tberdiy  forma acom* 
bination  of  a  yellow  colour,  decomposable  by 
beat,  and  which  precipitates  with  the  salts  of 
potash  and  .aomionia  in  a  yellow  powder, 
slightly  soluble. 

Brome,  when  transmitted  in  vafknir  over 
potash,  soda,  baryta,  and  lime,  at  a  fed  heat, 
occasions  a  lively  incandescence.  Oxygen 
gas  is  erolved,  and  there  is  found  in  the  in- 
terior of  the  gUss  tube  bromides  of  potas- 
sium, sodium,  &c.  Oxide  of  zinc  in  the 
same  circumstances  does  not  act  on  brome. 
Ignited  sulphate  of  potash  resists  the  action 
of  brome;  but  the  alkaline  cart>onates  are 
completely  decomposable  by  this  new  body, 
with  the  disengagement  of  caibontc  add  and 
oxygen.  Brome  seems,  in  the  liquid  way, 
capable  of  forming  bromides  of  oxides,  as  of 
potash,  &C.  analogous  to  the  chlorides  of  the 
same  bases.  When  brome  is  put,  either 
by  itself,  or  in  ito  ethereous  solution,  into 
concentrated  alkaline  or  earthy  solutions, 
there  is  formed  not  only  cubic  cryttab  of 
the  hydrobromates,  but  crystalline  needles  of 
bromates.  It  would  appear,  therefore,  that 
brome  exercises  on  the  metals  a  less  ener- 
getic action  than  chlorine,  but  one  superior 
to  iodine.  The  iodides  are  decomposed  by 
brome,  and  the  bromides  in  their  turn  by 
chlorine.  Iodine,  which  decomposes  readily 
potash  and  soda  at  an  elevated  temperature, 
does  not  act  on  baryta,  with  which  it  mere- 
ly unites,  forming  an  iodide  of  the  earth. 
Brome,  on  the  contrary,  effects  the  decom- 
position of  this  base,  and  even  of  lime,  but 
cannot  act  efficaciously  on  magnesia,  which 
yidds,  however,  to  chlorine. 

Brome  combines  with  chlorine  at  ordinary 
temperatures.  This  compound  may  be  pro- 
cured by  passing  a  current  of  chlorine  gas 
through  brome,  and  condensing  the  vapours 
disengaged  by  means  of  a  freesing  raixtureb 
Chloride  of  brome  appears  under  the  form 
of  a  reddish-yellow  liquid,  much  less  deep 
than  brome  itself;  of  a  brisk  penetrating 
odour,  strongly  exciting  tears.  Its  taste  is 
excessively  disagreeable.  It  is  fluid,  and 
very  volatile.  Its  vapours,  of  a  dark  yellow, 
similar  to  the  colour  of  oxides  of  chlorine, 
have  no  resemblance  to  the  ruddy  hue  of  the 
vapours  of  brome. 

It  determines  the  combustion  of  metals, 
with  which  it  probably  forms  chlorides  and 
bromides. 

It  is  soluble  in  water,  producing  a  liquid 
possessing  the  peculiar  colour  and  odour  of 
the  compound,  and  which  rapidly  blanches 
litmus  paper  without  reddening  it.  The  al- 
kalis convert  this  chloride  into  hydrochlorates 
and  hydrobromates. 

Bromitle  of  iodine.     Iodine  seems  suscep- 
tible of  forming  with  brome  two  different 
compounds.     When  these  two  bodies  are. 
made  to  act  on  each  other  in  certain  propor- 


tions, a  soKd  compound  results,  which  pro^ 
duces  by  heat  reddish-brown  vapours,  that 
condense  into  small  crystals  of  the  same  co- 
lour, in  form  resembling  leaves  of  fern.  A 
new  addition  of  brome  transforms  these  crys- 
tals into  a  liquid  compound,  of  an  appearance 
similar  to  hydriodic  acid  strongly  charged 
with  iodine.  Liquid  bromide  of  iodine  is 
miscible  with  water,  to  which  it  communi- 
cates the  faculty  of  decolouring,  without  red- 
dening, litmus  paper.  Alkalis  poured  into 
this  solution  give  birth  to  hydrobromates  and 
(hydr)iodates,  as  analogy  indicates. 

Bromide  of  phospftorui*  Phosphorus  and 
brome  put  in  contact  m  a  flask  filled  with  car- 
bonic acid,  act  suddenly  on  each  other,  vrith 
the  production  of  heat  and  light  The  re- 
sulting compound  is  divided  into  two  por- 
tions ;  one  solid,  which  sublimes  into  crystals 
in  the  upper  part  of  the  vessel ;  the  other, 
liquid,  remains  below.  This  latter  compound 
appears  to  contain  less  brome  than  the  crys- 
talline solid,  for  by  adding  more  brome  to 
the  former  it  assumes  dus  state. 

The  protobromide  of  phosphorus  remains 
liquid  even  at  a  temperature  of  10°  Fahr. 
It  feebly  reddens  litmus  paper,  an  effect  pro- 
bably due  to  the  materials  not  having  been 
perfectly  dry.  It  passes  readily  into  vapour, 
diffusing  in  the  air  pungent  vapours. 

Like  the  protochloride,  it  can  dissolve  an 
excess  of  phosphorus,  and  thus  acquire  the 
property  of  setting  fire  to  combustible  bodies 
put  in  contact  with  it.  It  reacts  on  water 
with  great  energy,  producing  much  heat, 
with  a  disengagement  of  hydrobromic  acid  ; 
which  may  be  received  in  a  gaseous  state 
when  only  a  few  drops  of  water  have  been 
used,  but  which  remains  dissolved  in  this 
liquid  when  more  of  it  has  been  added. 
This  add  solution  subjected  to  evaporation 
leaves  a  residuum,  which  burns  slightiy  when 
dried,  and  is  thus  converted  into  phosphoric 
acid. 

Tke  deutohrwnide  of  phosphonu  is  solid, 
and  of  a  yellow  colour.  At  a  slightly  ele- 
vated temperature  it  resolves  itself  into  a  red 
liquid,  affording,  by  heat,  vapours  of  the 
same  hue.  When  the  fused  deutobromide 
is  cooled,  or  when  its  vapours  are  condensed, 
in  the  first  case,  rhomboidal  oystals  are  form- 
ed, and  in  the  second,  needles  implanted  ou 
one  another. 

Metals  decompose  it,  produdng  bromides, 
and  probably  phosphurets. 

It  diffuses  in  the  air  dense  pungent  va- 
pours. It  effects  tiie  decomposition  of  water 
on  the  evolution  of  heat,  and  the  production 
of  hydrobromic  and  phosphoric  adds. 

When  chlorine  is  made  to  act  on  dfher  of 
these  bromides  of  phosphorus,  ruddy  vapours 
of  brome  are  exhaled,  and  chloride  of  phos- 
phorus remains.  Iodine  cannot  decompose 
these  combinations.  On  the  contrary,  violet 
vapours,  and  some  bromide,  are  obtained 


BROME.  tS9  BROME. 

when  brome  acts  on  the  Iodide  of  phoe-  suiAce.     The  deer  fluid  beneath'  is  to  be 

lihorus.  withdrawn,  and  put  into  a  weak  aolution  of 

jffromute  (/<ti/;>Aiir  is  obtained  by  pouring  potash,  for  the  purpose  of  decomposing  a 

brome  on  sublimed  sulphpr.     A  liquid  com-  little  protiodide  of  carbon  formed  at  the  same 

pound  results  of  an  oily  appearance,  of  and-  time:  a  Httle  bromide  is  also  decomposedt 

dish  tint,  deeper  than  that  of  chloride  of  sul-  but  that  which  remains  is  soon  left  in  a  pure 

phur,  capable  of  diffusing,  like  it,  on  contact  gtate. 

with  air,  white  vapours  of  a  similar  smelt  The  principal  properties  of  this  bromide, 

Bromide  of  sulphur  affects  but  feebly  litmus  and  the  differences  between  it  and  the  iodide, 

paper;  but  witli  water  it  strongly  reddens  it.  are  as  follows:— The  first  becomes  solid. 

Water  in  the  cold  acts  slowly  on  bromide  of  hard,  and  crystalline,  at  32^  F.,  and  remains 

sulphur ;  but  at  the  boiling  temperature  it  golid  up  to  43°  F. ;  the  latter  remains  fluid 

produces  a  feeble  detonation.     Hydrobromic  at  the  lowest  temperatures^   The  first,  heated 

and  sulphuric  adds  are  formed  along  with  in  a  spirit  flame,  gives  red  vapours ;   the 

sulphuretted  hydrogen ;  whereas,  in  the  same  latter,   violet  vapours :    neither  bums  with 

circttmstanccs,  chloride  of  sulphur  would  have  flame ;  but  the  fluid  hydrocarburet  of  brome 

produced,  without  any  explosion,  muriatic,  does  bum  with  flame.     Neither  of  the  two 

sulphurous,  and  sulphuric  acids.     Bromide  appears  to  act  on  water;  but  a  little  alkali 

of  sulphur  is  decomposed  by  chlorine,  with  added,  causes  their  decomposition  slowly, 
disengagement  of  biome,  and  production  of         The  great  affinity  which  brome  has  for  hy- 

chloride  of  sulphur.  drogen,  enables  us  to  anticipate  its  mode  of 

Hydrocarburet  of  brome.     Although  car-  action  on  organic  bodies.   It  decomposes  the 

bon  and  brome  have  not  apparently  any  ten-  greater  part  of  them,  with  the  production  of 

dency  to  combinet  yet,  on  pouring  a  drop  of  hydrobromic  add,  and  the  occasional  precipi- 

brome  into  a  flask  lilled  with  oleliaot  gas,  it  tation  of  carbon. 

ia  instantly  converted  into  a  substance  of  an  •    Brome  dissolves  readily  in  acetic  add,  on 

oily  aspect,  heavier  than  water,  colourless,  and  which  it  acts  but  slowly.     It  is  very  soluble 

which  presents  no  longer  the  lively  odour,  of  in  alcohol  and  ether.     The  coloured  solu- 

bnune,  but  an  ethereous  smell  more  agreeable  tions  which  these  two  liquids  form  lose  their 

than  that  of  the  hydrocarburet  of  chlorine,  that  at  the  end  of  a  few  days,  when  hydro- 

(chloric  ether).  bromic  add  is  found  combined  with  the  11- 

The  hydrocarburet  of  brome  is  volatile,  quid, 
and  is  decomposed  in  traversing  an  ignited  The  fixed  oils  have  little  efi^  on  brome ; 
glass  tube.  In  this  experiment  a  deposite  of  but  on  pouring  a  lew  drops  of  this  substance 
diarcoal  falls,  and  hydrobromic  add  escapes,  into  a  volatile  oil,  that  of  turpentine  or  anise- 
It  bums  on  contact  of  a  lighted  paper,  pro-  seed  for  instance,  lieat  is  occasioned,  white 
dudng  very  add  vapours  and  dense  smoke,  vapours  of  hydrobromic  add  exhale,  and  the 
consisting  of  finely  divided  charcoaL  Bro-  essential  oil  is  converted  into  a  resinous  sub- 
mide  of  carbon  does  not  seem  to  form  when  stance,  of  a  yellowish  colour  and  tarry  con- 
the  above  hydrocarburet  of  brome  is  exposed  sistence,  similar  to  turpentine. 
to  the  sunbeams.  Camphor  dissolves  in  brome,  forming  a 

By  distilling  the  mother  water  of  salt  crystalline  compound, 
springs,  yellowed  by  chlorine,  a  similar  by-         Brome  is  present  in  sea-water  in  very 

droctfburet  of  brome  is  obtained,  mixed  with  minute  quantity.     The  mother  water  of  salt 

brome^  which  may  be  separated  by  the  action  springs  (iotines)  even  contains  very  little  of 

of  water.     It  happens  occasionally  that  the  it,  though  the  concentration  has  been  carried 

whole  brome  is  thus  converted  into  hydro-  very  far.   It  exists  there  probably  in  the  state 

carfoureL     This  transformation  is  probably  of  hydrobromate  of  magnesia.     Marine  ve- 

occasioned  by  the  action  of  brome  on  a  small  getables  and  animals  also  contain  brome. 

quantity  of  organic  matter  which  the  springs  The  indnerated  plants  of  the  Mediterranean 

contain,  and  which  gives  to  the  residuum  of  afford  a  yellow  tint  when  the  product  of  their 

thdr  evaporation  the  faculty  of  becoming  lixiviation  is  treated  with  chlorine.     Notable 

black  when  strongly  heated  quantities  of  brome  may  be. extracted  from 

A  true  bromide  of  carbon  has  been  lately  tiie  mother  waters  ot  kelp  that  afford  iodine, 

formed  by  M.  Serullas.   Two  parts  of  brome  Tlie  best  method  of  obtaining  the  brome  from 

are  to  be  added  to  one  part  of  periodide  of  this  compound  matter,  is  to  predpitate  the 

carbon  (see  Iodine)  ;  just  enough  of  solution  iodine  by  a  salt  of  copper,  to  separate  by  fil- 

of  alkali  is  to  be  added  to  make  the  liberated  tration  the  insoluble  iodide  of  Uiis  metal,  to 

iodine  disappear.  The  liquid  bromide  of  car-  evaporate  the  liquid,  and  to  treat  the  resi- 

boi^  which  wili  show  itself  at  the  bottom  of  duum  with  sulphuric  add  and  manganese.—* 

the  solution,  is  to  be  separated  by  a  funnel  Salard,  Ann,  de  CAtm.  et  Phyu  xxxii.  337. 
or  otherwise^  (but  without  washing  with  wa-         M.  Semllas  has  furnished  sonae  additional 

tcr),  and  allowed  to  stand  till  it  has  become  facts  on  Brome,  in  a  memoir  read  to  the 

quite  dear.     During  this  time  a  quantity  of  Academy  of  Sciences  on  the  15th  January 

iodide  of  potasli  in  crystals  will  rise  to  the     1627. 
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SdidifiaUmi  of  hrome*     By  plunging  «    nmmvn,  in  bwb  of  werpmi^iM,  umr  KnnlMt 
tabe  eontBimng  lonie  of  it  into  a  heeang     in  Upper  Stiria;  and  in  a  syenilic  nek  ia 


mixture  at  —4^  Fahr.   the  brome  becune  Gkn  Tih  in  Pertiitbire. 
instantly  solid,  and  Tery  haid,  and  it  broke         BROOKITE.    In  examining  some  well 

by  a  blow.     He  fanned  a  hydrocarburet  of  defined  crystals  from  Snowdon,  wbidk  had 

bioma^  by  prqjccting  on  it,  in  excess,  a  small  been  classed  by  some  with  rutilc^  by  othen 

quantity  of  hydriodide  of  carbon.     The  da*  with  sphene,  M.   Lery  found  a  substanoa 

composition  is  instantsneous,  with  beat  and  which  ceitsinly  diffto  from  bodi,  its  Ibnii 

a  hissing  noise.     One  part  of  brome  is  sul^-  being  derirable  from  a  right  rhombic  prism, 

stituted  for  the  iodine  combining  with  the  while  the  primitive  form  of  rutile  is  a  square 

oarburetted  hydrogen,  furnishing  an  addi-  prism,  and  that  of  sphene  an  oblique  rhom- 

tional  example  of  £e  displacement  of  iodine  bic  prism.     See  figures  of  it  in  Amudt  tf 

by  brome.    Hie  hydrocsilNiret  of  brome,  af*  BhiL  ix.  140. 

ler  washing  with  potash  water,  is  colourless,         BROWN  SPAR.   Pearl  Spar^  or  Sidenv 

very  volatile,  denser  than  water,  of  a  peno*.  oaldtew     It  occurs  massive^  and  in  obtuse 

mting  ethereous  smell,  and  a  taste  excessive-  rhomboids  with  curvilinear  faces.  Its  colours 

ly  saccharine,  which  it  conununicates  to  water  are  white,  red,  and  brown,  or  even  pearl^rey 

poured  over  it,  in  which  it  is  slightly  solobloi  and  black.     It  is  found  crystallised  in  flat 

Hydrocaiburct  of  brome  remains  solid  at  a  and  acute  double  three-sided  pyramids,  in 

temperature  of  about.42^  Fahr.     It  is  then  obfa'que  six-rided  pjrmmids,  in  lenses  and 

hard,  and  breaks  like  camphor.  riumibs.     It  is  harder  than  calcareous  spar, 

Hydrobromic  ether  may  be  obtained  neariy  but  yields  to  the  knife.     Its  external  lustre 

in  the  same  way  as  hydriodic  etlier  is  pra*  is  shining,  and  internal  pearly.   Sp.  gr.  2.8SL 

pared  by  M.  SeriiUas,  vis.  by  acting  on  aloo-  IVsnsluoent,  crystals  semitransparent;  it  ia 

bol  with  phosphuret  of  iodine^  to  which  a  easily  broken  into  rhomboidal  fragments.    Ic 

little  iodine  is  successively  added,  by  distill-  effervesces  slowly  with  adds.  It  is  composed 

ing  off*  the  alcohol,  and  separating  the  ether  of  4f9. 19  carbonate  of  lime,  44^39  carbonate 

which  it  holds  in  solution,  by  cold  wafeer.-^  of^nagnesia,  3.4  <yxide  of  iron,  and  1.5  mao* 

jInn.  de  Chim,  ei  de  Phys.  xxv.  383.  ganese,   by  Htsinger's  analysis.     Klaproth 

Mydro^romic  ether  is  colourless  and  trana*  found  32  carbonate  of  magnesia,  7.5  caibo- 
parent  after  long  repose^  denser  than  water,  nate  o(  iron,  2  carbonate  of  manganese^  and 
of  a  strong  etfaereous  odour,  a  pungent  taste,  51.5  carbonate  of  lime, 
and  very  vobtile.     It  does  not  change  its         There  is  a  variety  of  this  mineial  of  a  fib- 
colour,  like  hydriodic  ether,  by  being  kept  rous  texture^  fiesh-red  colour,  and  fliassiv& 
under  water.  BRUCIA,  or  BRUCINE.     A  new  ve. 

CjfawuU  of  brome  was  formed  by  putting  getable  alkali,  lately  extracted  from  the  bark 

two  parts  of  cyanide  of  mercury  into  the  of  the  false  angustura,  or  Bnnda  oniidytsn- 

sealed  end  of  a  glass  tube^  plunging  this  in  tenoa,  by  MM.  Pelletier  and  Caventoo.   Af^ 

iced  water,  and  adding  one  part  of  bromob  ter  being  treated  with  sulphuric  ether,  to  get 

A  liyely  action  takes  place  with  heat,  and  the  rid  of  a  fiitty  matter,  it  was  snfcjected  to  the 

cyanide  crystallises  in  long  needles  in  the  action  of  alcohoL     The  dry  residuum  from 

upper  part  of  the  tube.     Tlicse  may  be  di»-  the  evsporated  aledholic  solution  was  treated 

tilled  over  into  a  cooled  receiver-tubew     It  with  Goulard's  extract^  or  solution  of  sui»- 

rasembles  very  closely  the  cyanide  of  iodine^  acetate  of  lead,  to  throw  down  the  colouring 

but  is  more  volatile.     It  is  also  very  poison-  matter,  and  the  excess  of  lead  was  separated 

ous,  even  in  its  vapour.  by  a  current  of  sulphuretted  hydrogen.   The 

BRONGNI ARTIN.     Glauberite.  neariy  colourless  alkaline  liquid  was  saturated 

BRONZE.     A  mixed  metal,  consisting  with  oxalic  add,  and  evaporated  to  dryness, 

chiefly  of  copper,  with  a  small  proportion  of  Tlie  saline  mass,  being  freed  from  its  remain* 

tin,  and  sometimes  other  metals.     It  is  used  ing  colouring  particles  by  absohite  alcohol, 

for  casting  statues,  cannon,  bells,  and  other  was  then  decomposed  by  lime  or  magnesia, 

articles,  in  all  which  the  proportions  of  the  when  the  bntda  was  disengaged.   It  was  die- 


ingredients  vary.  solved  in  boiling  alcohol,  and  obtained  in 

BRONZI TE.    This  massive  mineral  has  crystals,  by  the  slow  evaporation  of  the  liquid, 

a  pseudo-metallic  lustre^  frequently  resem-  These  crjMls,  when  obtained  by  very  slow 

bling  bronse.     Its  colour  is  intennediate  be-  evaporation,  are  oblique  prisms,  the  bases  of 

tween  yellowish-brown  and  pinriibeck-4>rown.  which  are  parallelograms.     When  dqiosited 

Lnstreshining;  structure  lamellar,  with  joints  from  a  saturated  solution  in  boiling  water, 

parallel  to  the  lateral  planes  of  a  rhomboidal  by  cooling,  it  is  in  bulky  plates,  somewhat 

prism:  the  fragments  are  streaked  en  the  sur-  similar  to  borsdc  add  in  appearance.     It  is 

foce.     It  is  opaque  in  asass,  but  transparent  *  soluble  in  500  times  its  weight  of  boiling 

in  thin  plates.  White  streak;  somewhat  bard,  water,  and  in  850  of  cokL     Its  solubility  n 

but  easily  broken.     Sp.  gr.  3.2.     It  is  coa»-  much  increased  by  the  colouring  matter  of 

posed  of  60  sQica,  27.5magnesia,  ladeaude  the  bark. 

of  iron,  and  0.5  water.     It  is  found  in  Uise  Its  taste  is  exceedingly  bitter,  acrid,  and 
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dunUe  in  die  nunith.  Wben  administered 
in  doses  of  a  lew  grains,  it  is  poiaonovs,  act- 
ing on  animals  like  strychnia,  but  much  less 
noletttly.  It  is  not  affected  by  the  air.  The 
dry  crystals  fuse  at  a  tempentture  a  little 
sbove  that  of  boiling  water,  and  assume  the 
appearance  of  wax.  At  a  strong  heat  it  is 
resolTed  into  carbon,  hydrogen,  and  oxygen, 
witixmt  any  trace  of  asote.  It  combines  with 
the  adds,  and  forms  both  neutral  and  super- 
saks.  Sulphate  of  bi::ucia  crystallizes  in  long 
slender  needles,  which  appear  to  be  four-sided 
prisms,  terminated  by  pyFamfds  of  extreme 
fineness.  It  is  very  soluble  in  water,  and 
modeimtely  in  alcohol.  Its  taste  is  very  bit- 
ter. It  is  decomposed  by  potash,  soda,  am- 
monia, baryta,  strontia,  lime,  magnesia,  mor- 
phia, and  strychnia.  The  bisulphate  crystal- 
Nxes  more  readily  than  the  neutral  sulphate. 
The  latter  is  said  to  be  composed  of 
Sulphuric  add,        a84  5 

Bruda,  91.16        51.588 

.  Muriate  of  bruda  forms  in  fbur-sided 
prisms,  terminated  at  each  end  by  an  oblique 
ihce.  It  is  permanent  in  the  air,  and  Tery 
soluble  in  water.  It  is  decomposed  by  sul- 
phuric add.  Concentrated  nitric  add  de» 
stroys  the  alkaline  bases  of  both  these  salts. 
The  muriate  consists  of 

Add,  5.953  4.685 

Bructa,       94.046  72.5 

Phosphate  of  bruda  is  a  crystallizable, 
soluble^  and  slightly  efflorescent  salt  The 
nitrate  forms  a  gummy-looking  mass;  the 
Wnitrate  crystaUizes  in  adcular  four-sided 
prisms.  An  excess  of  nitric  add  decomposes 
the  bruda  into  a  matter  of  a  fine  red  colour. 
Acetate  and  oxalate  of  bruda  both  crystal- 
lize. Bruda  is  insoluble  in  sulphuric  ether, 
the  fixed  oils,  and  very  slightly  in  the  volatile 
oils.  When  administered  internally,  it  pro- 
duces tetanus,  and  acts  upon  the  nerves  with- 
out affecting  the  brain,  or  the  intellectual 
Acuities.  Its  intensity  is  to  that  of  strych- 
nia, as  1  to  12.  FVom  the  discrepandes  in 
the  prime  number  for  brucia,  deduced  from 
the  above  analysis,  we  see  that  its  true  equi- 
^ent  remains  to  be  determined.  See  Jmar^ 
nal  de  Pharmade,  Dec*  1819. 

BRUCITE,  or  CONDRODITE.  TTiis 
mineral  occurs  massive  and  in  small  grains, 
crossed  by  nearly  parallel  refls.  Colour,  wine 
or  wax-yellow ;  translucent ;  scratches  glass 
with  eisO}  and  yields  to  the  knife  with  diffi- 
culty. Sp.  gr,  S.22  to- 3.55.  By  rubbing, 
it  becomes  n^atively  electric.  It  consists  of 
magnesia  54-^  silica  38,  oitde  of  iron  5.1, 
alumina  1.5,  potash  0.86,  manganese  a  trace. 
''^Qmnt  (COhston.  In  the  North  American 
spedmen,  fluoric  add  has  been  found  to 
the  amount  of  4  per  cant  It  is  found  at 
IVugas  in  Finland,  and  at  Sparta  in  New 
Jersey. 

BRUNSWICK  GREEN.  This  is  an 
eromoniacormuriate  of  copper,  much  used  for 


papel^l]angings,  and  on  the  continant  in  oil 
painting.     See  Copper. 

BRYONINE.  A  priodple  of  a  crystal- 
Uzable  nature,  extiactible  Aom  the  juice  of 
the  bryony.  Ammonia  throws  down  malate 
and  phosphate  of  Ume;  and,  after  filtration, 
the  brycmioe  forms. 

BUCHOLZITE.  This  mineral  is  amor- 
phous, spotted  with  white  and  black ;  lustre 
glistening;  texture  fibrouSi  Itaciatchesglass, 
but  is  scratched  by  quarts.  Its  constituents 
are,  silica  46^  alumina  50,  potash  1.5^  oxide 
of  iron,  ^5.—- ^miufes.  It  is  found  in  the 
Tyrol. 

BUCKLANDITE.  Hiis  mineral  has 
hitherto  been  ranked  with  the  pyroxenes,  to 
which  it  has  a  great  resemblance  in  form  and 
external  characters.  Calour.of  the  crystals, 
brown,  nearly  black,  and  opaque.  They 
easily  scratch  glass,  and  seem  harder  than 
pyroxene.  Hie  fiums  of  the  crystals  may 
be  derived  from  an  oblique  rhombic  prism.-^ 
ifr  Levy,  m  AnnaU  iff  PhUomphy,  if.S*iii. 
131i. 

BUNTKUFFERERZ.  Purple  copper 
ore. 

BUTTER,  'llie  oily  inflammable  part 
of  milk,  which  is  prepared  in  many  countries 
as  an  article  of  food.  The  common  mode  of 
preserving  it  is  by  the  addition  of  salt,  which 
will  keep  it  good  a  considerable  time,  if  in 
suffldent  quantity.  Mr  Eaton  informs  us, 
in  his  Survey  of  the  Turkish  Empire^  that 
most  of  the  butter  used  at  Constantinople  ia 
brought  from  the  Crimea  and  Kirban,  and 
that  it  is  kept  sweet  by  melting  it  while  fresh 
over  a  very  slow  fire,  and  removing  the  scum 
as  it  rises.  He  adds,  that  by  melting  butter 
in  the  Tartarian  manner,  and  then  salting  it 
in  ours,  he  kept  it  good  and  fine-tasted  for 
two  years ;  and  that  this  mdting,  if  carefuUy 
done,  injures  ndther  the  taste  nor  colour. 
Thenard,  too,  recommends  the  Tartarian 
method.  He  directs  the  melting  to  be  done 
on  a  vrater-bath,  or  at  a  heat  not  exceeding 
180^  Fahr. ;  and  to  be  continued  tiU  all  the 
caseous  matter  has  subsided  to  the  bottom, 
and  the  butter  is  tranqiarent.  It  is  then  to 
be  decanted,  or  strained  through  a  cloth,  and 
cooled  in  a  mixture  of  pounded  ice  and  salt, 
or  at  least  in  cold  spring  water,  otherwise  it 
will  become  lumpy  by  crystallizing,  and  like- 
wise  not  resist  the  action  of  the  air  so  well. 
Kept  in  a  close  vessel,  and  in  a  cool  place^  it 
vrill  thus  remain  six  months  ot  more  nearly 
as  good  as  at  first,  particularly  after  tiie  top 
is  taken  off.  If  beaten  up  with  one-sixth  of 
its  weight  of  the  cheesy  matter  when  used, 
it  will  in  some  degree  resemble  fresh  butter 
in  appearance.  Tlie  taste  of  randd  butter, 
he  adds,  may  be  much  corrected  by  melting 
and  cooling  in  this  manner. 

Dr  Anderson  has  recommended  another 
mode  of  curing  butter,  which  is  as  follows : 
Take  one  part  of  sugar,  one  of  nitre,  and  two 
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of  \bm\Mt  Spanish  grest  salt,  and  rub  them 
togeCfacr  into  a  fine  powder.  This  composi*. 
tion  is  to  be  mixed  thoroughly  with  the  but- 
ter, as  soon  as  it  is  completely  freed  from  the 
milk,  in  the  proportion  of  one  ounce  to  six- 
teen ;  and  the  butter  thus  prepared  is  to  be 
pressed  tight  into  the  vessel  prepared  for  it,  so 
as  to  leave  no  vacuities.  This  butter  does 
not  taste  well,  till  it  has  stood  at  least  a  fort- 
night: it  then  has  a  rich  marrow  flavour, 
that  no  other  butter  ever  acquires;  and  with 
proper  care  may  be  kept  for  years  in  this 
climate,  or  carried  to  the  East  Indies,  if 
packed  so  as  not  to  melL 

In  the  interior  parts  of  Africa,  Mr  Park 
informs  us,  there  is  a  tree  much  resembling 
the  American  oak,  producing  a  nut  in  ap- 
pearance somewhat  like  an  olive.  The  ker- 
nel of  this  nut,  by  boiling  in  water,  affords  a 
kind  of  butter,  which  is  whiter,  firmer,  and 
of  a  richer  flavour  than  any  he  ever  tasted 
made  from  cows*  milk,  and  will  keep  with- 
out salt  the  whole  year.  The  natives  call  it 
shea  totUoUf  or  tree  butter.  Large  quantities 
of  it  are  made  every  season. 

BUTTER  OF  ANTIMONY.  See  An- 
timony. • 

BUTTER  OF  CACAO.  An  oUy  con- 
Crete  white  matter,  of  a  firmer  consistence 
tfuui  suet,  obtained  from  the  cacao  nut,  of 
which  chocolate  is  made.  The  method  of 
separating  it  consbts  in  bruising  the  cacao 
and  boiling  it  in  water,  llie  greater  part  of 
the  superabundant  and  uncombined  oil  con- 
tained in  the  nut  is  by  this  means  liquefied, 
and  rises  to  the  surface,  where  it  swims,  and 
is  left  to  congeal,  that  it  may  be  the  more 
easily  taken  ^.  It  is  generally  mixed  with 
small  pieces  of  the  nut,  from  which  it  may  be 
purified,  by  keeping  it  in  fusion  without  wa- 
ter in  a  pretty  deep  vessel,  until  the  several 
matters  have  arranged  themselves  according 
to  their  specific  grarities.  By  this  treatment 
it  becomes  very  pure  and  white. 

Butter  of  cacao  is.without  smell,  and  has 
a  very  mild  taste  when  fresh  ;  and  in  all  its 
general  properties  and  habitudes  it  resembles 
fat  oils,  among  which  it  must  therefidre  be  class- 
ed. Il,i8  used  as  an  ingredient  in  pomatums. 


BUTTER  OF  TIN.     See  Tin. 

BUTYRINE.  Hiis  substance  exists  in 
butter,  combined  with  oleine,  stearine,  and  a 
very  small  quantity  of  butyric  acid.  When 
butyrine  is  to  be  extracted,  the  butter  must 
be  first  separated  from  the  butter-milk,  by 
fusion  (with  a  steam  heat)  and  decantations  ; 
then  the  purified  butter  is  allowed  to  cool 
very  slowly  in  a  deep  capsule  of  porcelain, 
and  kept  for  some  days  at  a  temperature  of 
66°  F.  By  this  means  a  large  quantity  of 
stearine,  crystallized  in  small  graiqs,  is  insu- 
lated, and  an* oily  compound  is  procured, 
which  must  be  filtered  with  care.  This  mat- 
ter is  to  be  put  into  a  globe  with  its  own 
weight  of  alcohol  of  0.796  specific  gravity, 
at  a  temperature  of  66°  F.  The  materials 
must  be  stirred  from  time  to  time,  and  after 
24  hours  the  alcohol  is  poured  off,  and  the 
undissolved  part  set  aside.  The  alcoholic 
solution  being  then  subjected  to  a  regulated 
distillation,  a  residuum  is  obtained  of  a  new 
oil  rich  in  butyrine.  As  it  is  slightly  add, 
It  must  be  treated  with  carbonate. of  magne- 
sia. The  butyrate  of  magnesia  being  very 
soluble  in  water,  is  easily  removed.  It  is 
now  necessary  merely  to  heat  the  fatty  mat- 
t42r  remaining  in  the  alcohol,  and  to  evapo- 
rate off  the  spirit,  in  order  to  obtain  the  bu- 
tyrine piu%.  The  following  are  its  proper- 
ties :— 

Butyrine  is  very  fluid  at  66°  F.,  and  its 
specific  gravity  is  0.908 ;  it  seems  to  congeal 
only  at  32°  F.  Its  smell  resembles  that  of 
hot  butter.  Some  butters  afford  a  colourless 
butyrine. 

Water  does  not  dissolve  it ;  but  alcohol  of 
specific  gravity  0.822,  when  boiling,  dissolves 
it  in  all  proportions. 

Butyrine  saponifies  easily ;  it  is  then 
transformed  into  butyric  acid,  caproic  and 
capric  acids,  into  glycerine^  and  margaric 
and  oleic  acids. 

BYSSOLITE.  A  massive  mineral,  in 
short  and  somewhat  stiff  filaments,  of  an  olive- 
green  colour,  implanted  perpendicularly  like 
moss  on  the  surface  of  certain  stones.  It  has 
been  found  at  the  foot  of  Mont  Blanc,  and 
also  near  Oisans,  on  gneiss. 
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CABBAGE  (RED).  See  Baasrca 
Rubra. 

CACAO  (BUTTER  OF).  See  Butter. 

CACHOLONG ;  a  variety  of  quartz. 
It  is  opaque,  dull  on  the  surface,  internally 
of  a  pearly  lustre,  brittle,  with. a  flat  con- 
choidal  fracture,  and  harder  than  opaL  Its 
colour  is  milk-white,  yellowish,  or  greyish- 
white.  It  is  not  ibsible  before  the  blowpipe. 
Its  sp.  grav.  is  about  2.2.  It  is  found  in  de- 
tached masses  on  the  river  Cach  in  Bucharia, 
in  the  trap  rocks  of  Icehmd,  in  Greenland, 


and  the  Feroe  Islands.  According  to  Brong* 
niart,  cacholongs  are  found  also  at  Cham- 
pigny  near  Paris,  in  the  cavities  of  a  calca- 
reous breccia,  some  of  which  are  hard  and 
have  a  shining  fracture,  while  others  are  ten- 
der, light,  adhere  to  the  tongue,  and  resem- 
ble chalk. 

CADMIUM.  A  new  metal  first  disco- 
vered by  M.  Stromeyer,  in  the  autumn  of 
1817,  in  some  carbonate  of  zinc  which  be 
was  examining  in  Hanover.  It  has  been 
since  found  <in  the  Derbyshire  silicates  of  sine 
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The  following  is  Dr  Wollaston's  process  With  charcoal  it  is  reduced  with  rapidity 

for  procuring  cadmium.     It  is  distinguished  below  a  red  heat     It  gives  a  transparent  co- 

by  die  usual  elegance  and  precision  of  the  lourless  glass  bead  miib  borax.     It  is  inso- 

analytical  methods  of  this  philosopher.  From  luble  in  water,  but  in  some  circumstances 

the  solution  of  tl^e  salt  of  zinc  supposed  to  forms  a  white  hydrate,  which  speedily  attracts 

contain  cadmium,  predpitate  all  the  other  me-  carbonic  acid  from  the  air,  and  gives  out  its 

tallic  impurities  by  iron ;  filter,  and  immerse  water  when  exposed  to  heat, 
a  cylinder  of  zinc  into  the  clear  solution.    If        The  fixed  alkalis  do  not  dissolve  the  oxide 

cadmium  be  present,  it  will  be  thrown  down  of  cadmium  in  a  sensible  degree ;  but  liquid 

in  the  metallic  state,  and  when  redissolved  in  ammonia  readily  dissolves  it.     On  evaporat- 

muriatic  acid,  will  exhibit  its  peculiar  ch».  ing  the  solution,  the  oxide  falls  in  a  dense 

racter  on  the  application  of  the  proper  tests.  gelatinous  hydrate.     With  the  acids  it  forms 

M.  Stromeyer*s  process  consists  in  dissolv-  salts,  which*  are  almost  all  colourless,  have  a 
ing  the  substance  which  contains  cadmium  in  sharp  metallic  taste,  are  generally  soluble  in 
sulphuric  acid,  and  passing  through  the  ad-  water,  and  possess  the  following  characters, 
dulous  solution  a  current  of  sulphuretted  1.  The  fixed  alkalis  precipitate  the  oxide 
hydrogen  gas.  He  washes  this  precipitate,  in  the  state  of  a  wjiite  hydrate.  When  added 
diKolves  it  in  concentrated  muriatic  add,  and  in  excess,  they  do  not  redissolve  the  predpi- 
expels  the  excess  of  add  by  evaporation.  The  tate,  as  is  the  case  with  the  oxide  of  sine, 
residue  is  then  dissolved  in  water,  and  precl-  2.  Ammonia  likewise  predpitates  the  oxide 
pitated  by  carbonate  of  ammonia,  of  which  an  white,  and  doubtless  in  the  state  of  hydrate ; 
excess  is  added,  to  redissolve  the  zinc  and  the  but  an  excess  of  the  alkali  immediately  re- 
copper  that  may  have  been  predpitated  by  the  dissolves  the  precipitate, 
sulphuretted  hydrogen  gas.  The  carbonate  3.  The  alkaline  carbonates  produce  a  white 
of  cadmium  bdng  well  washed,  is  heated,  to  precipitate,  which  is  an  anhydrous  caibonate. 
drive  off  the  cariwnic  add,  and  the  renfaining  Zinc  in  the  same  drcumstances  gives  a  hy- 
oxide  is.  reduced  by  mixing  it  with  lamp-  drous  carbonate.'  The  precipitate  formed  by 
black,  and  exposing  it  to  a  moderate  red  heat  the  carbonate  of  ammonia  is  not  soluble  in  an 
in  a  glass  or  earthen  retort.  excess  of  this  solution.     Zinc  exhibits  quite 

The  colour  of  cadmium  is  a  fine  white,  different  properties, 
vrith  a  slight  shade  of  bluish-grey,  approach-         4*.  Phosphate  of  soda  exhibits  a  white  pul- 
ing much  to  that  of  tin ;  which  metal  it  re-  verulent  precipitate.    The  precipitate  formed 
sembles  in  lustre  and  susceptibility  of  pob'sh.  by  the  same  salt  in  solutions  of  zinc,  u  in  fine 
Its    texture  is    compact,   and  its  fracture  crystalline  plates. 

liackly.     It  crystallizes  easily  in  octohedrons,         5.  Sulphuretted  hydrogen  gas,  and  the  hy- 

and  presents  on  its  surface,  when  cooling,  the  drosulphurets,  predpitate  cadmium  ydlow  or 

appearance  of  leaves  of  fern.     It  is  flexible,  orange.  This  predpitate  resembles  orpiment 

and  yields  readily  to  the  knife.     It  is  harder  a  little  in  colour,  with  which  it  might  be  con- 

and  more  tenadous  than  tin ;  and,  like  it,  founded  without  suffident  attention.    But  it 

stains  paper,  or  tbe  fingers.     It  is  ductile  may  be  distinguished  by  being  more  pulveru- 

and  malleable,  but  when  long  hammered  it  lent,  and  predpitating  more  rapidly.     It  dif- 

scales  off  in  difierent  places.     Its  sp.  grav.  fers  particularly  in  its.  easy  solubility  in  mu- 

before  hammering,   is  8.6040 ;   and  when  riatic  add,  and  in  its  fixity, 
hammered,  it  is  8.6944.     It  melts,  and  is  vo-         6.    Ferroprussiate  of  potash   predpitates 

latilized  under  a  red  heat.  Its  vapour,  which  solutions  of  cadmium  white. 
has  no  smell,  may  be  condensed  in  drops  like         7.  Nutgalls  do  not  occasion  any  change, 
mercury,  which,  on  congealing,  present  dis-         8.  Zinc  precipitates  cadmium  in  the  m&. 

tinct  traces  of  crystallization.  tallic  state  in  the  form  of  dendritical  leaves. 

Cadmium  b  as  little  altered  by  exposure  to  which  attach  themselves  to  the  rinc 
the  air  as  tin.     When  heated  in  the  open  air,         The  carbonate  consists,  by  Stromeyer,  of 
it  bums  like  that  metal,  passing  into  a  smoke,  Add,     100.00         25.4*        2.750 

which  falls  and  forms  a  very  fixed  oxide  of  a  Oxide,  292.88         74.6         8.054 

brownish-yellow  colour.     Nitric  acid  readily         The  sulphate  crystallizes  in  large  rectan- 

dissolves  it  cold ;  dilute  sulphuric,  muriatic,  gular  transparent  prisms,  similar  to  sulphate 

and  even  acetic  adds,  act  feebly  on  it  with  the  of  zinc,  and  very  soluble  in  water.     It  efflo- 

disengagement  of  hydrogen.  The  solutions  are  resces  in  the  air.     At  a  strong  red  heat  it 

colourless,  and  are  not  predpitated  by  water,  gives  out  a  portion  of  its  add,  and  becomes 

Cadmium  forms  a  single  oxide,  in  which  a  subsulphate,  which  crystallizes  in  plates 

100  parts  of  the  metal  are  combined  vrith  that  dissolve  with  difiSculty  in  vrater.     The 

14.352  of  oxygen.     The  prime  equivalent  of  neutral  sulphate  consists  of, 
cadmium  deduced  from  this  compound  seema  Add,     100.00        38.3        5.000 

to  be  very  nearly  7,  and  that  of  the  oxide  8.  Oxide,  161.12         61.7         a056 

This  oxide  varies  in  its  appearance,  according  100  parts  of  the  salt  take  34.26  of  water  of 

to  drcumstances,  from  a  brownish-yellow  to  crystallization.     Nitrate  of  cadmium  crystal-, 

a  dark  browui  and  even  a  blackish  colour,  llzes  in  prisms  or  needles,  usually  grouped 
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^an  imys.    It  is  deliquescent.    Its  constituents 


Add,  100.00  .46  6.75000 
Oxide,  117.58  5i  7.93665 
100  parte  of  the  dry  salt  take  28.31  water  of 
crystallixation.  llie  nauriate  of  cadmium 
crystellizes  in  small  rectangular  prisms,  per- 
ftctly  transparent,  which  effloresce  easi  ly  when 
Imted,  and  which  are  very  soluble.  It  melts 
under  a  red  heat,  loses  ite  water  of  crystaU 
liaation,  and  on  cooling  assumes  the  form  of 
«  foliated  nwss,  which  is  transparent,  and  has 
«  lustre  slightly  metallic  and  pearly.  In  the 
air  it  spcedUy  loses  ite  transparency,  and  fells 
down  in  a  white  powder.  1 00  parte  of  fused 
chloride  are  composed  of. 

Cadmium,  61.39        7.076 
Chlorine,    5a61         4.450 
Fhoephate  of  cadmium  u  pulverulent,  in- 
soluble in  water,  and  melte,  when  heated  to 
redness,  into  a  transparent  vitreous  body.   It 
is  composed  of. 

Acid,       100  ^    a54 

Oxide,    2S5.49  aOO 

.    Borate  of  cadmium  is  scarcely  soluble  in 
water.     It  consiste  of. 

Acid,  27.88'  a079 
Oxide»  72.12  aOOO 
Acetate  of  cadmium  crystallizes  in  small 
prisms,  usually  disposed  in  stars,  which  are 
not  altered  by  exposure  to  air,  and  are  very 
soluble  in  water.  The  tartrate  crystallises  in 
small  scarcely  sc^uble  needles.  The  oxalate 
is  insoluble.  The  citrate  forms  a  crystalline 
powder,  very  little  soluble. 

100  parte  of  cadmium  unite  with  28.172 
of  sulphur,  to  form  a  sul[Auret  of  a  yellow 
colour,  with  a  shade  of  orange.  It  is  very 
fixed  in  the  fire.  It  melte  at  a  white  red 
heat,  and  on  cooling  crystallises  in  micace- 
ous  plates  of  the  finest  lemon-ydlow  colour. 
Tlie  sulphuret  dissolves  even  cold  in  concen- 
trated muriatic  acid,  witli  the  disengagement 
of  salphuretted  hydrogen  gas ;  but  the  dilute 
add  htm  little  effect  on  it,  even  with  the  as- 
sistance of  heat.  It  is  best  formed  by  heat- 
ing tc^etber  a  mixture  of  sulphur  with  the 
oxide,  or  by  predpitating  a  salt  of  cadmium 
vrith  sulphuretted  hydrogen.  It  promises  to 
be  useful  in  painting. 

Phosphuret  of  cadmium,  made  by  fusing 
the  ingrediente  together,  has  a  grey  colour, 
and  a  lustre  feebly  metallic.  Muriatic  add 
decomposes  it,  evolving  pbespburetted  hy- 
drogen gas.  Iodine  unites  witli  cadmium, 
both  in  die  moist  and  dry  way.  We  obtain 
•a  iodide  in  large  and  beautiful  hexahedial 
tables.  These  crystals  are  colourless,  trans- 
parent, and  not  altered  by  exposure  to  air. 
Their  lustre  is  pearly,  approaching  to  metal- 
lic. It  melte  with  extreme  Ikdlity,  and  as- 
sumes, on  cooling,  the  original  foraa.  At  a 
high  temperature,  it  is  resolved  into  cadmium 
and  iodine.  Water  and  alcohol  dJssolve  it 
with  fiidlity.     It  is  composed  of—. 


Cadmium,  100.00  7.0 

Iodine,        227.43  15.9 

Cadmium  unites  easily  with  moat  of  the 
metals,  when  heated  along  with  them  out  of 
contact  of  air.  Most  of  ite  alloys  are  brittle 
and  colourless.  That  of  copper  and  cadmium 
is  white,  with  a  slight  tinge  of  yellow.  Ite 
texture  is  composed  of  very  fine  plates,  -y^-^ 
of  cij^ium  communicates  a  good  deal  of 
britdeness  to  copper.  At  a  strong  heat  the 
cadmium  flies  off.  Tutty  usually  contains 
oxide  of  bidmium.  The  alloy  consists  of 
Copper,  100 
Cadmium,       84.2 

The  alloy  of  cobalt  and  cadmium  has  a 
good  deal  of  resemblance  to  arsenical  cobalt. 
Ite  colour  is  almost  silver-white.  100  parte 
of  platinum  combine  vritli  1 17.3  of  cadmium. 
Cadmium  and  mercury  readily  unite,  cold, 
Into  a  fine  silver-white  amalgam,  of  a  gra- 
nular texture,  which  may  be  crystallized  in 
octohedrons.  Ite  spedfic  gravity  is  greater 
than  that  of  mercury.  It  fuses  at  167^  F. 
It  consiste  of 

Mercury,     100 
Cadmium,     27.78 

Dr  Clarice  found  in  100  gr.  of  the  fibrous 
silicate  of  zinc,  of  Derbyshire,  about  6-lOths 
of  a  grain  of  sulphuret  of  cadmium ;  a  result 
which  agrees  vrith  the  experimente  of  Dr 
Wollaston  and  Mr  Children. 

Mr  W.  Herapath  states,  that  he  has  ob- 
tained cadmium  in  abundance  from  the  zinc 
works  near  Bristol.  Zinc  is  obtained  by 
putting  calamine  with  small  coal  into  a  cru- 
cible, which  being  closed  at  top,  has  a  tube 
proceeding  through  ite  bottom  into  a  vault 
below.  Beneath  the  tube  is  a  vessel  of  water. 
A  short  tube  is  at  hand  to  connect,  at  a  pro- 
per time,  with  the  long  one,  so  as  almost  to 
reach  the  water.  The  workmen  do  not  com- 
plete the  connexion  till  the  **  brown  blaze** 
is  over,  and  the  **  blue  blaze**  begun.  This 
brown  flame  is  owing  to  cadmium,  the  oxide 
of  which  attaches  itself  to  tiie  roof  of  the 
vault,  in  greatest  quantity,  just  over  tlie  ori- 
fice. It  is  mixed  with  soot,  sulphuret  of 
cadmium,  and  oxide  of  zinc  Some  portions 
contain  firom  12  to  20  per  cent  of  cadmium. 
The  metal  is  obtained  by  dissolving  this  sub- 
stance in  muriatic  add,  filtering,  evaporating 
to  dryness,  redissolving  and  filtering,  then 
predpitating  by  a  plate  of  zinc.  The  cad- 
mium thrown  down  is  to  be  mixed  with  a 
littie  lamp-black  or  wax,  put  into  a  black  or 
green  ghus  tube,  and  placed  in  the  red  heat 
of  a  common  fire,  until  the  cadmium  has 
sublimed  into  the  cool  pert  of  the  tube ;  then 
tlie  residuum  is  to  be  shaken  out,  which  is 
easily  done  without  loss  of  cadmium.  A 
littie  wax  introduced  into  the  tube,  and  a 
gentle  heat  applied,  tiie  metal  melte,  and  by 
agitation  forms  a  button. 

Mr   Herapath   thinks,    that  if  the  zinc 
smelter  were  to  insert  his  tube  earlier,  and 
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ctrndmat  the  first  few  p<»unds  of  meiai  sepa- 
nte,  he  would  be  able  to  collect  abundance 
of  cadmium,  so  a^  to  afford  it  cheaply  for 
the  purposes  of  arL^Atift.  of  Phil,  iii.  4^. 
CAPFEIN.  By  adding  muriate  of  tin  to 
an  infusion  of  onroasted  coffee,  M.  Chenevix 
obtained  a  precipitate,  which  he  washed  and 
decomposed  by  sulphuretted  hydrogen.  The 
sopemataot  liquid  contained  a  peculiar  bitter 
principle^  which  occasioned  a  green  precipl- 
tutB  in  concentrated  solutions  of  iron.  When 
the  liquid  was  evaporated  to  dryness,  it  was 
ydlow  and  transparent,  like  horn.  It  did 
not  attract  moisture  from  the  air,  but  was 
soluble  in  water  and  alcohol.  The  solution 
had  a  pleasant  bitter  taste,  and  assumed  with 
alkalis  a  gamei-red  colour.  It  is  almost  as 
ddicate  a  test  of  iron  as  infusion  of  galls  is ; 
yet  gelatin  occasions  no  precipitate  with  it 

M.  Robiquet,  while  searching  for  quinina 
in  coffbe,  dbcorered  a  crystallizable  principle 
in  it,  in  the  year  1821.  It  is  white,  crystal- 
line, volatile,  and  slightly  soluble.  Its  com- 
position is  very  remarkable,  for,  according  to 
MM.  Dumas  and  Pelletier,  it  consists  of 

Carbon,        46.51 

Nitrogen,      21.54 

Hydrogen,      4.81 

Oxygen,       27.14 


100.00 

The  quantity  of  nitrogen  in  it  surpasses 
that  not  only  in  vegetable,  but  in  most  ani- 
mal substances ;  and  most  excite  doubts  as 
to  the  accuracy  of  the  analysis«^^it».  ele 
Chim.  xxiv.  183. 

CAJEPUT  OIL.  The  volatile  oil  ol>. 
tained  from  the  leaves  of  the  cajepot  tree, 
Cajeputa  offidnarum,  the  Melaleuca  Leuca- 
dcnikon  of  Linncus.  The  tree  which  fur- 
nishes the  cajeput  oil  is  frequent  on  the  moun- 
tains of  Amboyna,  and  other  Molucca  islands. 
It  is  obtained  by  distillation  from  the  dried 
leaves  of  the  smaller  of  two  varieties.  It  is 
prepared  in  great  quantities,  especially  in  the 
island  of  Banda,  and  sent  to  Holland  in 
eopper  flasks.  As  it  comes  to  us,  it  is  of  a 
green  colour,  very  limpid,  lighter  than  water, 
of  a  strong  smell  resembling  camphor,  and  a 
strong  pungent  taste,  like  that  of  cardamoms. 
It  bums  entirely  away,  without  leaving  any 
lesiduom.  It  is  often  adulterated  with  other 
essential  oils,  coloured  vrith  the  resin  of  mil- 
Ibil.  In  the  genuine  oil,  the  green  colour 
depends  on  the  presence  of  copper ;  for  when 
lectified  it  is  colourless. 

CALAMINE.  A  native  carbonate  of 
zinc. 

CALAMITE.  A  mineral  which  occurs 
in  rhombic  prisms  of  a  light  green  colour, 
translucent,  striated  longitudinally,  and  3rield* 
ing  to  mechanical  diviuon  readily,  parallel  to 
the  sides  of  a  rhombic  prism.  It  is  soft ;  re- 
sembling tremolite  in  the  form  of  its  crjnstal. 
It  u  foimd  in  serpentine  with  magnetic  iron 


and  calcareous  spar,  near  Normatk  in  Swe- 
den«^FAt/t;)<*s  Minerologtf, 

CALCAREOUS  EARTH.    See  LmE. 

CALCAREOUS  SPAR;  crystallised 
carbonate  of  lime.  It  occurs  crystallized  in 
more  than  600  different  forms,  all  having  fbr 
their  primitive  form  an  dbtuse  rhomboid^ 
with  angles  of  74o  55^  and  105<^  &,  It  oc- 
curs also  massive,  and  in  imitative  diapea. 
Werner  has  given  a  comprehensive  idea  of 
the  varieties  of  the  crystals,  by  referring  all 
the  forms  to  the  six-sided  pyramid,  the  six- 
sided  prism,  and  the  three-sided  prism,  witlt' 
their  truncations.  The  colours  of  calc-spar 
are  grey,  yellow,  red,  green,  and  rarely  blue^ 
Vitreous  lustre.  Foliated  fracture,  with  a 
threefold  cleavage.  Fragments  riiomboidal; 
Transparent,  or  translucent.  The  transpa^ 
rent  crystals  refract  double.  It  is  less  hard 
than  fluor-spar,  and  Is  easily  broken.  Sp.  gr. 
2.7.  It  consists  of  43.6  carbonic  acid,  and 
56.4  lime.  It  effervesces  powerfully  with 
adds.  Some  varieties  are  phosphorescent  on 
hot  coals.  It  is  found  in  veins  in  all  rocks, 
from  granite  to  alluvial  strata,  and  sometimes 
in  strata  between  the  beds  of  calcareoui 
mountains.  The  rarest  and  most  beautiful 
crystals  are  found  in  Derbyshire;  but  it 
exists  in  every  part  of  the  world. 

CALCEDONY.  A  mineral  so  called 
from  Calcedon  in  Asia  Minor,  where  it  was 
found  in  ancient  times.  Hiere  are  several 
sub-species:  common  calcedony,  heliotrope^ 
chrysoprase,  plasma,  onyx,  sard,  and  sar- 
donyx. 

Common  calcedony  occurs  in  various 
shades  of  white,  grey,  yellow,  brown,  green, 
and  blue.  Tlie  blackish-brown  appears,  on 
looking  through  the  mineral,  to  become  a 
blood-red.  It  is  found  in  nodules;  botroi'^ 
dal  stalactitical,  bearing  organic  impressions, 
in  veins,  and  also  massive.  Its  fracture  is 
even,  sometimes  flat  conchoidal,  or  fine 
splintery.  Semitransparent ;  harder  and 
tougher  than  flint.  Sp.  gr.  3.6.  It  is  not 
fusible.  It  may  be  regarded  as  pure  silica» 
with  a  minute  portion  of  water.  Very  fine 
stalactitical  specimens  have  been  found  in 
Trevascus  mine  in  Cornwall.  It  occurs  in 
the  toadstone  of  Derbyshire,  in  the  trap 
rocks  of  Fifesbire,  of  the  Pentland-hiU% 
Mull,  Rum,  Sky,  and  others  of  the  Scottidi 
Hebrides;  likewise  in  Iceland,  and  the 
Feroe  Idands.  See  the  sub-species,  undct 
their  respective  titles. 

CALC  SINTER ;  stalactitical  caibonate 
of  lime.  It  is  found  in  pendulous  conical 
rods  or  tubes,  mamroelated,  massive,  and 
in  many  imitative  shapes.  Fracture  lamel- 
lar, or  divergent  fibrous.  Lustre  silky  or 
pearly.  Colours,  white  of  various  shades^ 
yellow,  brown,  rarely  green,  passing  into 
blue  or  red.  Translucent,  semi-hard,  very 
brittle.  Large  stalactites  are  found  in  the 
grotto  of  Antiparos,  the  woodman's  cave  in 
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the  HaitZf  the  cave  of  Auxelle  in  France,  in  of  specific  gravity  2.3.    It  requires  an  intense 

the  caye  of  Castleton  in  Derbyshire,  and  degree  of  beat  for  its  fusion ;  and  has  not 

Macalister  cave  in  Sky.      They  are  conti-  hitherto  been  ▼olatilized.    Jts  taste  is  caustic, 

nually  forming  by  the  infiltration  of  carbo-  astringent  and  alkaline.    It  is  soluble  in  450 

nated  lime  water,  through  the  crevices  of  the  parts  of  water,  according  to  Sir  H.  Davy ; 

roofs  of  caverns.     Solid  masses  of  stalactite  and  in  760  parts,  according  to  other  chemists, 

have  been  called  oriental  alabaster.      The  The  solubility  is  not  increased  by  heat.    If  a 

irregular  masses  on  the  bottoms  of  caves  have  little  water  only  be  sprinkled  on  new  burnt 

been  called  stalagmites.  lime,  it  is  rapidly  absorbed,  with  the  evolution 

CALCHANTUM.    Pliny *&  term  for  cop-  of  much  heat  and  vapour.     This  constitutes 

peras.  the  phenomenon  called  slaking.     Hie  heat 

CALCINATION.  Tlie  fixed  residues  of  proceeds,  according  to  Dr  Black's  ezplans* 
such  matters  as  have  undergone  combustion  tioU)  from  the  consolidation  of  the  liquid 
are  called  cinders  in  common  language^  and  water  into  the  lime,- forming  a  hydrate,  as 
calces,  or  now  more  commonly  oxides,  by  slaked  lime  is  now  called.  It  is  a  compound 
chemists ;  and  the  operation,  when  considered  of  3.5  parts  of  lime,  with  1. 125  of  water ;  or 
vrith  regard  to  these  residues,  is  termed  cald-  very  nearly  3  to  1.  This  water  may  be  ex- 
nation.  .  In  this  general  way  it  has  likewise  pelled  by  a  red  heat,  and  therefore  does  not 
been  applied  to  bodies  not  really  combustible,  adhere  to  lime  with  the  same  energy  as  it 
but  only  deprived  of  some  of  their  principles  does  to  baryta  and  strontia.  Lime  water  is 
by  heat.  Thus  we  hear  of  the  calcination  of  astringent  and  somewhat  acrid  to  the  taste, 
chalk,  to  convert  it  into  lime,  by  driving  off  It  renders  vegetable  blues  green ;  the  yellovrs 
its  carbonic  acid  and  water :  of  gypsum  or  brown ;  and  restores  to  reddened  litmus  its 
plaster  stone,  of  alum,  of  borax,  and  other  usual  purple.  When  lime  water  stands  ex- 
saline  bodies,  by  which  they  are  deprived  of  posed  to  the  air,  it  gradually  attracts  carbonic- 
their  water  of  crystallization:  of  bones,  which  add,  and  becomes  an  insoluble  carbonate, 
lose  their  volatile  parts  by  this  treatment ;  and  while  the  water  remains  pure.  If  lime  water 
of  various  other  bodies.  See  Combustion,  be  placed  in  a  capsule  under  an  exhausted 
and  Oxidation.  receiver,  which  also  encloses  a  saucer  filled 

CALCIUM ;  the  metallic  basis  of  lime,  with  concentrated  sulphuric  add,  the  water 

Sir  H.  Davy,  the  discoverer  of  this  metal,  will  be  gradually  withdrawn  from  the  lime, 

procured  it  by  the  process  whidi  he  used  for  which  will  concrete  into  small  six-sided  pris- 

obtainingfrarmm;  which  see.    It  was  in  such  made  crystals. 

small  quantities,  that  little  could  be  said  con-         Boxelius  attempted  to  determine  the  prime 

ceming  its  nature.    It  appeared  brighter  and  equivalent  of  caldum,  from  the  proportion  in 

whiter  than  dther  barium  or  strontium ;  and  which  it  combines  vrith  oxygen  to  form  lime ; 

burned  when  gently  heated,  produdng  dry  but  hb  results  can  be  r^wded  only  as  ap- 

lime.  proximadons,  in  consequence  of  the  diffi- 

There  b  only  one  known  combination  of  culUes  of  the  experiment.  The  prime  equi- 
caldum  and  oxygen,  which  is  the  important  valent  of  Ume  or  oxide  of  calcium,  can  be 
substance  called  lime.  Hie  nature  of  this  determined  very  exactly.  100  parts  of  car- 
substance  is  proved  by  the  phenomena  of  the  bonate  of  lime,  consist  of  44  carbonic  add 
combusUon  of  calcium ;  the  metal  changing  -(-  5%  lime ;  whence  the  prime  equivalent 
into  the  earth  with  the  absorpdon  of  oxygen  proportions  are,  2.75  add  -|-  3.5  base, 
gas.  When  the  amalgam  of  caldum  is  thrown  If  a  piece  of  phosphorus  be  put  into  the 
into  water,  hydrogen  gas  is  disengaged,  and  sealed  end  of  a  glass  tube,  the  middle  part 
the  water  becomes  a  solution  of  lime.  From  of  which  is  filled  with  bits  of  lime  about  the 
the  quantity  of  hydrogen  evolved,  compared  size  of  peas ;  and,  after  the  latter  is  ignited, 
with  the  quantity  of  lime  formed  in  experi-  if  the  former  be  driven  through  it  in  vapour, 
ments  of  this  kind,  M.  Berzelius  endeavoured  by  heating  the  end  of  the  tube,  a  compound 
to  ascertain  the  proportion  of  oxygen  in  lime,  of  a  dark  brown  colour,  called  phosphuret 
Tlie  nature  of  lime  may  also  be  proved  by  of  lime,  will  be  formed.  Tliis  probably 
analysis.  When  potassium  in  vapour  is  sent  consists  of  1.5  phosphorus  -|-  2.5  caldum; 
through  the  earth  ignited  to  whiteness,  the  but  it  has  not  been  exacUy  analyzed.  When 
potassium  was  found  by  Sir  H.  Davy  to  be-  thrown  into  water,  phosphuretted  hydrogen 
come  potash,  while  a  dark  grey  substance  of  gas  is  disengaged  in  small  bubbles,  whidi 
metallic  splendour,  which  is  calcium,  either  explode  in  succession  as  they  burst, 
wholly  or  partially  deprived  of  oxygen,  is  Sulphuret  of  lime  is  formed  by  fuang  the 
found  imbedded  in  the  potash,  for  it  efler-  constituents  mixed  together  in  a  covered  cru- 
vesces  violently,  and  forms  a  solution  of  lime  dble.  The  mass  is  reddish-coloured  and 
by  the  action  of  water.  very  acrid.     It  deliquesces   on  exposure  to 

Lime  is  usually  dl>tained  for  chemical  pur-  air,  and  becomes  of  a  greenish-yellow  hue. 

poses,  from  marble  of  the  whitest  kind,  or  When  it  is  put  into  water,  a  hydroguretted 

from  calcareous  spar,  by  long  exposure  to  a  sulphuret  of  lime  is  immediately  formed, 

sirong  red  heat.    It  is  a  soft  white  substance.  The  same  liquid  compound  may  be  directly 
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ixNMlei  by  boiling  a  ipixture  of  sulphur  and 
lime  in  water.  Jt  acts  corrosively  on  animal 
bodieiy  and  is  a  powerful  reagent  in  precipi- 
tating metals  from  their  solutions.  Solid 
sulphuret  <^  lime  probably  consists  of  2  sul- 
phur -|-  2,5  calcium. 

When  lime  is  heated 'Strongly  in  contact 
with  chlorine^  oxygen  is  expelled,  and  the 
chlorine,  is  absorbed.  For  every  two  parts 
in  volume  of  chlorine  that  disappear,  one  of 
oxygen  is  obtained.  When  liquid  muriate 
cf  lime  is  evaporated  to  dryness,  and  ignited, 
it  forms  the  same  substsnce,  or  chloride  of 
iime.  It  is  a  semitransparent  cr3rstalline 
substance ;  fusible  at  a  strong  red  heat ;  a 
non-conductor  of  electricity ;  has  a  very  bitter 
taste ;  nq[>idly  absorbs  water  from  the  atmos- 
phere; and  is  extremely  soluble  in  water. 
See  Aao  (Moeiatic).  It  consists  of  2.5 
calcium  -|-  4.5  chlorine  ^  7.0.  Chlorine 
combines  also  with  oxide  of  calcium  or  lime, 
forming  the  very  important  substance  used 
in  bleadiing  under  the  name  of  oxymuriate 
of  lime,  but  which  is  more  correctly  called 
chloride  of  lime.    See  Lime,  (  Chlobidb  of). 

Under  Lime,  some  observations  will  be 
finind  on  the  uses  of  this  substance. 

If  the  liquid  hydriodate  of  lime  be  evapo- 
rated to  dryness,  and  gently  heated,  an  iodide 
of  calcium  remains.  It  has  not  been  applied 
to  any  use. 

CALCTUFF;  an  alluvial  formation  of 
carbonate  of  lime,  probably  deposited  from 
calcareous  springs.  It  has  a  yellowish-grey 
colour;  a  dull  lustre  internally ;  a  fine  grain- 
ed earthy  fracture;  b  opaque^  and  usually 
marked  with  impressions  of  v^etable  matter. 
Its  specific  gravity  is  nearly  the  same  with 
that  of  water.  It  is  soft,  and  easily  cut  or 
broken. 

CALCULUS)  or  STONE.  Hiis  name 
is  generally  given  to  all  hard  concretions, 
not  bony,  formed  in  the  bodies  of  animals. 
Of  these,  the  most  important,  as  giving  rise 
.to  one  of  the  most  pc&nful  diseases  incident 
to  human  nature,  is  the  urinary  calculust  or 
stone  in  the  bladder.  Different  substances 
occasionally  enter  into  the  composition  of 
this  calculus,  but  the  most  usual  is  the  lithic 
acid. 

If  we  except  Scbeele*s  original  observa- 
tious  concerning  the  uric  or  lithic  acid,  all 
the  discoveries  relating  to  the  urinary  con- 
cretions are  due  to  Dr  Wollaston;  disco- 
veries so  curious  and  important,  as  alone  are 
sufllicient  to  entitle  him  to  the  admiration 
and  gratitude  of  numkind.  They  have  been 
fully  verified  by  the  subsequent  researches 
of  MM.  Foorcroy,  VauqueUn,  and  Brande, 
Drs  Henry,  Marcet,  and  Prout  Dr  Mar- 
cet,  in  his  late  valuable  essay  on  the  chemical 
history  and  medical  treatment  of  calculous 
disorders,  arranges  the  concretions  into  nine 
species. 

1.  The  lithic  acid  calculus. 


'8.  The  ammonia-raagnestaa  phoq>hate  dU* 
culus« 

3.  The  I  bone  earth  calculus,  or  phosphate 
of  lime. 

4.  The  fusible  calculus,  a  mixture  of  the 
2d  and  3d  species.    . 

5.  The  mulberry  calculus,  or  oxalate  of 
limSi. 

6.  The  cystic  calculus ; .  cystic  oxide  of 
Dr  Wollaston. 

7.  Ibe  alternating  calculus,  composed  of 
alternate  layers  of  different  species. 

8.  The  compound  calculus,  whose  ingre- 
dients are  so  intimately  mixed  la  to  be  sepa- 
rable only  by  chemical  analysis. 

9.  Calculus  from  the  prostate  gland,  which, 
by  Dr  Wollaston  *s  researches,  is  proved  to  be 
phosphate  of  lime,  not  distinctly  stratified,  and 
tinged  by  the  secretion  of  the  prostate  gland. 

To  the  above  Dr  .Marcet  has  added  two 
new  sub-species,  llie  first  seems  to  have 
some  resemblance  to  the  cystic  oxide,  but  it 
possesses  also  some  marks  of  distinction. 
It  forms  a  bright  lemon-yellow  residuum  on 
evaporating  its  nitric  acid  solution,  and  is 
composed  of  laminae.  But  the  cystic  oxide 
is  not  laminated,  and  it  leaves  a  white  resi- 
duum from  the  nitric  acid  solution.  Though 
they  are  both  soluble'  in  acids  as  well  as 
alkalis,  yet  the  oxide  is  more  so  in  acids  than 
the  new  calculus,  which  has  been  called 
by  Dr  Marcet,  from  its  yellow  residuum, 
xanthic  oxide.  Dr  Marcet*s  other  new  cal- 
culus was  found  to  possess  the  ]nt>perties 
of  the  fibrine  of  the  blood,  of  which  it  seems 
to  be  a  deposite.  He  terms  it^6rtn<m«  cal- 
culus. 

Species  1.  Uric  add  calculi.  Dr  Henry 
says,  in  his  instructive  paper  on  urinary  and 
other  morbid  concretions,  read  before  the 
Medical  Society  of  London,  March  2.  1810, 
that  it  has  never  yet  occurred  to  him  to  ex- 
amine  calculi  composed  of  this  acid  in  a  state 
of  absolute  purity.  They  contain  about 
9-lOths  of  the  pure  acid,  along  with  urea,  and 
an  animal  matter  which  is  not  gelatin,  but 
of  an  albuminous  nature.  This  must  not, 
however,  be  regarded  as  a  cement,  llie 
calculus  is  aggregated  by  the  cohesive  attrac- 
tion of  the  lithic  acid  itself.  The  colour  of 
lithic  add  calculi  is  yellowish  or  reddish- 
brown,  resembling  the  appearance  of  wood. 
They  have  commonly  a  smooth  polished 
sur&ce,  a  lamellar  or  radiated  structure, 
•and  consist  of  fine  particles  well  compacted. 
Their  sp.  gravity  varies  from  1.3  to  1.8. 
They  dissolve  in  alkaline  lixivia, .  without 
evolving  an  ammoniacal  odour,  and  exhale 
the  smdl  of  horn  before  the  blowpipe.  The 
relative  frequency  of  lithic  acid  calculi  will 
be  seen  from  the  following  statement.  Of 
150  examined  by  Mr  Brande,  16  were  com- 
posed wholly  of  this  acid,  and  almost  all  con- 
tained more  or  less  of  it.  Fourcroy  and 
Yauquelin  found  it  in  the- greater  number 
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of  dOO  whkb  they  anatyscd.  All  those 
examined  by  ficbeele  comisfed  of  it  akme ; 
and  900  anslyaed  by  Dr  Pearsoa,  contained 
it  in  greater  or  smaller  proportion.  Ao- 
oording  to  Dr  Henry^s  experience^  it  con- 
stitutes 10  urinary  copcretions  out  of  26, 
exclusiTe  of  the  alternating  cakvli.  And 
Mr  Brande  lately  states,  that  out  of  58  cases 
oi  kidney  calculi,  51  wer«  lithic  add,  6  oxalic, 
and  I  cystic. 

Species  2.  Ammonia-magnesian  phosphate. 
This  calculus  is  white  like  chalk,  is  friable 
between  the  fingers,  is  often  covered  with 
dog-tooth  ciystals,  and  contains  serai-crystals 
line  layers.     It  is  intoluble  in  alkalis,  but 
soluble  in  nitric,  muriatic,  and  acetic  adds. 
According  to  Dr  Henry,  the  earthy  phos- 
phates, comprehending  the  2d  anddd  spedes, 
were  to  the  whole  number  of  concretions  in 
the  ratio  of  10  to  85.     Mr  Brande  jiutly 
obserres,  in  the  16th  number  of  his  Journal^ 
that  the  urine  has  at  all  times  a  tendency  to 
deposit  the  triple  phosphate  upon  any  body 
over  which  it  passes.      Hence  drains  by 
which  urine  is  carried  off,  are  often  tncrusted 
with  its  rq^ular  crystals ;  and  in  cases  where 
extraneous  bodies  have  got  into  the  bladder, 
they  have  ofVen  in  a  very  short  time  become 
considerably  enlarged  by  deposition  of  the 
same  substence.     When  this  calculus,   or 
those  incrusted  with  its  semi-crystalline  par- 
ticles, are  strongly  heated  before  the  blow- 
pipe,, ammonia  is  evolved,  and  an  imperfect 
fusion  takes  place.     When  a  little  of  the 
calcareous  phosphate  is  present,  however,  the 
concretion  readily  fuses.     Calculi  composed 
enlirely  of  the  ammonia-magnesian  phosphate 
are  very  rare.     Mr  Biande  has  seen  only 
two.     They  were  crystallised  upon  the  sup- 
fBc^  and  Uieir  fracture  was  somewhat  foli- 
ated.    In  its  pure  state,  it  is  even  rare  as  an 
incrustation.     The  powder  of  the  ammoni»- 
phosphate  calculus  has  a  briUiant  white  colour^ 
afirint  sweetish  taste,  and  is  somewhat  so- 
luble in  water.     Fourcroy  and  Vauquelin 
suppose  the  above  deposites  to  result  from 
indpient  putrefaction  of  urinein  the  bladder. 
It  is  certain  that  the  triple  phosphate  is  co- 
piously predpitated  from  urine  in  such  dr- 
cumstances  out  of  the  body. 

Spedes  3*  The  bone  earth  calculus.  Its 
suifiice^  according  to  Dr  Wollaston;  is  gene- 
rally pale  bfown,  smooth,  and  when  sawed 
through  it  appears  of  a  laminated  texture, 
easily  separable  into  concentric  crusts.  Some- 
times, also^  each  lamina  is  striated  in  a  di- 
rection perpendicular  to  the  surface,  as  from 
an  aaKmblage  of  crystalline  needles.  It  is 
diflicult  to  fiue  this  calculus  by  the  blowpipe, 
but  .it  dissolves  readily  in  dilute  muriatic 
add,  from  which  it  is  predpitable  by  ammo- 
nia. This  spedes,  as  described  by  Fourcroy 
and  Vauqudin,  was  white,  without  lustre, 
friable,  staining  the  hands,  paper,  and  doifa. 
It  had  much  of  a  chalky  appearance,  and 


broke  under  the  fimrepp,  and  was  Intimaldy 
mixed  with  a  gelatinous  matter,  which  is 
lefl  in  a  membranous  form  when  the  earthy 
salt  is  withdrawn  by  dilute  muriatic  acidk 
Dr  Henry  says,  that  he  has  never  been  able 
to  recognize  a  calculus  of  pure  phosphate  of 
lime^  in  any  of  the  collections  which  he  has 
examined ;  nor  did  he  ever  find  the  preceding 
spedes  in  a  pure  state,  though  a  calculus  in 
Mr  White's  collection  contained  more  than 
SO  per  cent  of  ammonia-magnesian  phosphata 
Spedes  4.  The  ftidble  calculus.  This  is  a 
very  friable  concretion,  of  a  white  colour,  n^ 
sembling  chalk  in  appearance  and  texture; 
it  often  breaks  into  layers,  and  exhibits  a 
glittering  appearance  internally,  from  inteiw 
mixture  of  the  crystals  of  triple  phosphata 
Sp.  grav.  from  1.14  to  1.47.  Soluble  i« 
dilute  muriatic  and  nitric  adds,  but  not  ia 
alkaline  lixivia.  The  nudeus  is  generaUy 
lithic  add.  In  4  instances  only  out  of  187, 
did  Dr  Henry  find  the  calculus  composed 
throughout  of  the  earthy  phosphates.  The 
analysis  of  fusible  calculus  is  easily  perform*- 
ed  by  distilled  vinegar,  which  at  a  gentle 
heat  dissolves  the  ammonia-magnesian  phos- 
phate, but  not  the  phosphate  of  lime :  the 
latter  may  be  taken  up  by  dilute  muriatic 
acid.  The  lithic  add  present  will  remaii^ 
and  may  be  recognized  by  its  solubility  in 
the  vrater  of  pure  potash  or  soda.  Or  the 
lithic  add  may,  in  the  first  instance,  be  re- 
moved by  the  alkali,  which  expels  the  an^ 
monia,  and  leaves  the  phosphate  of  magnnaa 
and  lime. 

Spedes  5.  The  mulberry  calculus.  Its 
surface  is  rough  and  tuberculated ;  colour 
deep  reddish-brovni.  Sometimes  it  is  pale 
brown,  of  a  crystalline  texture,  and  covered 
with  flat  octohedral  crystals.  This  calculus 
has  commonly  the  density  and  hardness  of 
ivory,  a  sp.  grav.  from  1.4  to  1.98^  and  ezp 
hales  the  odour  of  semen  when  sawed.  A 
moderate  red  beat  converts  it  into  carbonate  of 
lime  It  does  not  dissolve  in  alkaline  lixivia, 
but  slowly  and  with  difficulty  in  adds.  When 
the  oxalsto  of  lime  is  voided  directly  after 
leering  the  kidney,  it  is  of  a  greyish-browa 
colour,  composed  of  small  cohering  spherules^ 
sometimes  with  a  polished  surface  resembling 
hempseed.  Hiey  are  easily  recognised  by 
thdr  insolubility  in  muriatic  add,  and  their 
swelling  up  and  passing  into  pure  lime  b&> 
fore  the  blowpipe.  Mulberry  calculi,  oon*- 
tain  always  an  admixture  of  other  substances 
besides  oxalate  of  lime.  These  are^  uric 
'  acid,  phosphate  of  lime,  and  animal  matter 
in  dark  fiocculi.  Hie  colouring  matter  of 
these  calculi  is  probably  effused  blood.  Dr 
Henry  rates  the  frequency  of  this  spedes  at 
1  in  17  of  the  whole  which  ho  has  compared ; 
and  out  of  187  calculi,  he  found  that  17  were 
formed  round  nudei  of  oxalate  of  lime. 

Spedes  6.    Tlie  cystic  oxide  calculus.    It 
resembles  a  little  the  triple  phosphate,  or  more 
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«Mtly  nwigwwmn  HnMsloiiek     It  ii  aom^  Mme  ingtedient  as  that  oompOBing  the  nu« 

what  tough  when  cut,  and  has  a  peculiar  deua,  in  which  caae  it  will  be  unifbrmly  ooi»- 

greasy  lustre.   Its  usual  colour  is  pale  brown»  stituted  throughout ;  or  if  the  morbid  nudcus 

bordering  on  straw-yellow ;  and  its  texture  is  deposite  should  cease,  the  concretion  will  then 

irregulariy  crystalline.     It  unites  in  solution  acquire  a  coating  of  the  earthy  phosphates.  It 

with  adds  and  alkalis,  crystallizing  with  both,  becomes,  therefore,  highly  important  to  a»- 

Alcohol  predpitates  it  from  nitric  add.     It  certain  the  nature  of  the  most  predominani 

does  not  become  red  with  nitric  add ;  and  nucleus.     Out  of  187  calculi  examined  by 

it  has  no  eflfect  upon  vegetable  blues.  Neither  Dr  Henry,  17  were  formed  round  nucld  of 

water,  alcohc^  nor  ether,  dissolves  it.     It  is  oxalate  of  lime ;  3  round  nudd  of  cystic  ox* 


decomposed  by  heat  into  carbonate  of  ammo-  ide ;  4  round  nucld  of  the  earthy  phosphates  ; 

nia  and  oil,  leaving  a  minute  rtdduum  of  2  round  extraneous  substances ;  and  in  3  the 

phosphate  of  lime.     This  concretion  is  of  nudeus  was  replaced  by  a  small  cavity,  o^ 

very  rare  occurrence.     Dr  Henry  states  its  casioned  probably  by  the  shrinking  of  some 

frequency  to  the  whole  as  10  to  965.    In  two  animal  matter,  round  which  the  ingredients 

which  he  examined,  the  nudeus  was  the  same  of  the  calculi  (fusible)  had  been  dep06ited.r 

substance  with  the  rest  of  the  conoreu'on;  Rau  has 'shown  by  experiment,  that  pusmaj 

and  in  a  third,  the  nucleus  of  an  uric  acid  form  the  nudeus  of  an  urinary  concretioiw 

calculus  was  a  small  spherule  of  cystic  oxide.  The  remuning  158  calculi  of  Dr  Henry's 

Hence,  as  Dr  Marcet  has  remarked,  this  ox-  list,  had  central  nuclei  composed  chiefly  of 

ide  appears  to  be  in  reality  the  production  of  lithic  acid.     It  appears  aUo,  that  in  a  very 

the  kidneys,  and  not,  as  its  name  would  im-  great  majority  of  the  cases  referred  to  by  bimf 

port,  to  be  generated  in  the  bladder.     It  the  disposition  to  secrete  an  excess  of  lithic 

might  be  'called  with  propriety  renal  oxide,  add  has  been  the  essential  cause  of  the  origin 

if  Its  eminent  discoverer  should  think  fit.  of  stone.   Hence  it  beccnnes  a  matter  of  great 

des  7.    The  ahemating  calculus.    Hie  importance  to  inquire,  what  are  the  circun^- 


surfrce  of  this  calculus  is  usually  white  like  stances  which  contribute  to  its  excessive  pro- 
chalk,  and  friable  or  semi*crystaliine,  acconU  duction,  and  to  ascertain  by  what  plan  of  diet 
ing  as  the  exterior  coat  is  the  calcarecras  or  and  medidne  this  morbid  action  of  the  kid* 
ammonia-magnesian  phosphate.     Tliey  are  neys  may  best  be  obviated  or  removed.     A 
frequently  of  a  large  size,  and  contain  a  calculus  in  Mr  White's  collection  had  ffar 
nudeus  of  lithic  add.     Sometimes  the  two  its  nudeus  a  fragment  of  a  bougie,  that  had 
phosphates  form  alternate  layers  round  the  slipped  into  the  bladder.     It  belonged  to  the 
nucleus.     The  above  are  the  most  common  fusible  spedes,  consisting  of 
alternating  calculi ;  next  are  those  of  oxalate  20  phosphate  of  lime 
of  lime  with  phosphates ;  then  oxalate  of  lime  60  ammonia-magnesian  phosphate 
with  lithic  add ;  and,  lastly,  those  in  which  10  lithic  add 
the  three  substances  alternate.     The  alter*  10  animal  matter 
nating,  taken  altogether,  occur  in  10  out  of  "JOO 

^5  in  Dr  Henry's  list ;  the  Uthic  add  with  i„  g^me  instances,  though  these  are  compai«- 

phosphates,  as  10  to  48;  the  oxalate  of  lime  tivdy  very  few,  a  moitid  secretion  of  the 

vrith  phosphates,  as  10  to  1 16 ;  the  oxalate  of  earthy  phosphates  in  excess,  is  the  cause  of 

lime  vrith  lithic  add,  as  10  to  170 ;  the  oxa-  the  formation  of  stone.    Dr  Henry  relates  die 

late  of  lime  vrith  Uthic  add  and  phosphates,  case  of  a  gcnUeman,  who,  during  paioxysme 

as  10  to  265.  of  gnrrel,  preceded  by  severe  sickness  and  vo- 

Spedes  a  The  compound  calculus.    This  nriung,  voided  urine  as  opaque  as  milk,  which 

consists  of  a  mixture  of  Uthic  add  with  the  .  deposited  a  great  quantity  of  an  impalpable 

phoqshatcs  in  variable  proportions,and  is  con-  powder,  consbting  of  the  calcareous  and  triple 

sequendy  variable  in  its  appearance.     Some*  phosphate  in  nearly  equal  proportions.    The 

ttmes  the  alternating  Uyers  are  so  thin  as  to  weight  of  the  body  was  rapidly  reduced  from 

be  uBdisttngmshable  by  the  eye,  when  their  igg  to  100  pounds,  apparently  by  the  ab- 

naturecan  be  detenmned  only  by  chemical  stradion  of  the  earth  of  his  bones ;  forthere 

analysis.     This  spedes,  in  Dr  Henry's  list,  ,^^  no  emadation  of  the  rousdes  correspond* 

fiirms  10  m  835.     About  l-40th  of  the  caU  ing  to  the  above  diminution. 

euU  examined  by  Fourcroy  and  Vauqudin  The  first  Ational  views  on  the  treatment 

were  compound.  of  calculous  disorders,  were  given  by  Dr 

Spedes  9.  hae  been  already  described.  Wollaston.     TTiese  have  been  followed  up 

In  almost  all  calcuU,  a  central  nucleus  may  [.tdy  by  some  very  judidous  observations  of 

be  discovered,  suffidently  small  to  have  de-  Mr  Bnuide  in  the   12th,  15th,  and  16th 

Bcended  through  the  ureters  into  the  bladder,  numbers  of  his  Journal ;  and  also  by  Dr 

Tlie  discaM  of  stone  is  to  be  considered,  Marcet,  in  his  excellent  treatise  dieady  re- 

tberefofe^  essentially  and  originally  as  be-  ferred  to.      Of  the  many  substances  coo- 

loogiog  to  the  kidneys.     Its  increase  in  the  tained  in  human  urine,  there  are  rarely  more 

bladder  noay  be  occasioned,  either  by  expo-  than  three  which  constitute  gravel,  viz.  cal- 

anre  to  urine  that  contains  an  excess  of  the  careous  phosphate,  ammonia-magnesian  phos* 
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plmte,  and  lithlc  acid.  Tlie  former  two 
form  a  white  sediment ;  the  latter,  a  red  or 
brown.  The  urine  is  always  an  acidulous 
secretion.  Since  by  this  excess  of  acid,  the 
earthy  salts,  or  white  matter,  are  held  in  so- 
lution, whatever  disorder  of  the  syatem,  or 
impiopiicty  of  food  and  medicine,  diminishes 
that  acid  excess,  favours  the  formation  of 
white  deposite.  The  internal  use  of  acids 
was  shown  by  Dr  WoUaston  to  be  the  appro- 
priate remedy  in  this  case. 

White  gravel  is  frequently  symptomatic  of 
disordered  digestion,  arising  from  excess  in 
eating  or  drinking ;  and  it  is  often  produced 
by  too  farinaceous  a  diet  It  is  also  occa^ 
sioned  by  the  indiscreet  use  of  magnesia,  soda 
water,  or  alkaline  medicines  in  general.  Me- 
dical practitioners,  as  well  as  their  patients^ 
ignorant  of  chemistry,  have  often  committed 
fatal  mistakes,  by  considering  the  white  gra- 
vel passed  on  the  administration  of  alkaline 
medicines,  as  the  dissolution  of  the  calculus 
itself;  and  have  hence  pushed  a  practice, 
which  has  rapidly  increased  the  size  of  the 
stone.  Magnesia,  in  many  cases,  acts  more 
injuriously  than  alkali,  in  precipitating  in- 
soluble phosphate  from  the  urine.  The  acids 
of  urine,  which,  by  their  excess,  hold  the 
earths  in  solution,  are  the  phosphoric,  lithic, 
and  carbonic.  Mr  Brande  has  uniformly  ob- 
tained the  latter  acid,  by  placing  urine  under 
an  exhausted  receiver;  and  he  has  formed 
carbonate  of  baryta,  by  dropping  baryta 
water  into  urine  recently  voided. 

The  appearance  of  white  sand  does  not 
teem  deserving  of  much  attention,  where  it 
is  merely  occasional,  following  indigestion 
brought  on  by  an  accidental  excess.  But  if 
it  invariably  follows  meals,  and  if  it  be  ob- 
served in  the  urine^  not  as  a  mere  depositee 
but  at  the  time  the  last  drops  are  voided,  it 
becomes  a  matter  oi  importance,  as  the  fore- 
runner of  other  and  serious  forms  of  the  dis- 
order. It  has  been  sometimes  viewed  as  the 
effect  of  irritable  bladder,  where  it  was  in 
reality  the  cause.  Acids  are  tiie  proper  re- 
medy ;  and  unless  some  peculiar  tonic  effect 
be  sought  for  in  sulphuric  acid,  the  vegetable 
acids  ought  to  be  preferred.  Tartar,  or  its 
acid,  may  be  prescribed  with  advantage^  but 
the  best  medicine  is  citric  acid,  in  daily  doses 
of  from  5  to  30  grains.  Persons  returning 
from  warm  climates,  with  dyspeptic  and  he- 
patic disorders,  often  void  this  white  gravel, 
for  which  they  have  recourse*  to  empirical 
solvents,  for  the  most  part  alkaline,  and  are 
deeply  injured.  They  ought  to  adopt  an 
acidulous  diet,  abstaining  from  soda  water, 
alkalis,  malt  liquor,  madeira  and  port ;  to  eat 
salads,  with  add  fruits ;  and  if  habit  requires 
it,  a  glass  of  cyder,  champaignc,  or  claret, 
but  the  less  of  these  fermented  liquors  the 
better.  An  effervescing  draught  is  often  very 
beneficial,  made  by  dissolving  30  grains  of 
bicarbonate  of  potash,  and  SO  of  citric  acid, 


in  sepamte  tea-cups  of  water,  mixing  tfa«  so- 
lution in  a  large  tumbler,  and  drinking  tie 
whole  during  the  effervesceooe.  Uris  dose 
may  be  repeated  3  or  4  times  a^day.'  The 
carbonic  add  of  the  above  medicine  enters  the 
circulation,  and,  passing  off  by  the  bladder, 
is  useful  in  retaining,  particulariy,  the  triple 
phosphate  in  solution,  as  was  first  pointed  out 
by  Dr  Wollaston.  Hie  bowels  should  be 
kept  regular  by  medicine  and  moderate  ex- 
ercise. The  febrile  affections  of  children  are 
frequently  attended  by  an  apparentiy  formid- 
able deposite  of  white  sand  in  the  urine.  A 
dose  of  calomel  will  generally  carry  off  both 
the  fever  and  the  sand.  Air,  exercise,  bark, 
bitters,  mineral  tonics,  are  in  like  manner 
often  successful  in  removing  the  urinary 
complaints  of  grown  up  persons. 

In  considering  the  red  gravel,  it  is  neces- 
sary to  distinguish  between  those  cases  in 
which  the  sand  is  actually  voided,  and  those 
in  which  it  is  deposited,  after  some  hours, 
from  originally  limpid  urine.  In  the  first, 
the  sabulous  appearance  is  an  alarming  indi- 
cation of  a  tendency  to  form  calculi ;  in  the 
second,  it  is  often  merely  a  fleeting  sjrmptom 
of  indigestion.  Should  it  frequentiy  recur, 
however,  it  is  not  to  be  disregarded. 

Bicarbonate  of  potash  or  soda  is  the  pro- 
per remedy  for  the  red  sand,  or  lithic  acid 
deposite.  The  alkali  may  often  be  benefi- 
cially combined  with  opium.  Ammonia,  or 
its  crystallized  carbonate,  may  be  resorted  to 
with  advantage,  where  symptoms  of  indiges- 
tion are  brought  on  by  the  other  alkalis ;  and 
particularly  in  red  gravel  connected  with 
gout,  in  which  the  joints  and  kidneys  are 
affected  by  turns.  Where  potash  and  soda 
have  been  so  long  employed  as  to  disagree 
with  the  stomach,  to  create  nausea,  flatu- 
lency, a  sense  of  weight,  pain,  and  other 
symptoms  of  indigestion,  magnesia  may  be 
prescribed  with  the  best  effects.  The  ten- 
dency which  it  has  to  accumulate  in  danger- 
ous quantities  in  the  intestines,  and  to  form 
a  white  sediment  in  urine,  calls  on  the  prac- 
titioner to  look  minutely  after  its  administra- 
tion. It  should  be  occasionally  alternated 
with  other  laxative  medicines. .  Magnesia 
dissolved  in  carbonic  acid,  as  Mr  Schweppe 
used  to  prepare  it  many  years  ago,  by  the 
direction  of  Mr  Brande,  is  an  elegant  form 
of  exhibiting  this  remedy. 

Care  must  be  had  not  to  push  the  alkaline 
medicines  too  far,  le&t  they  give  rise  to  the 
deposition  of  earthy  phosphates  in  the  urine. 

Cases  occur  in  which  the  sabulous  deposite 
consists  of  a  mixture  of  lithic  acid  with  the 
phosphates.  The  sediment  of  urine  in  inflam- 
matory disorders  is  sometimes  of  this  nature  ; 
and  of  those  persons  who  habitually  indulge 
in  excess  of  wine;  as  also  of  those  who^ 
labouring  under  hepatic  affections,  secrete 
much  albumen  in  their  urine.  Fui^es,  to- 
nics, and  nitric  acid,  which  is  the  solvent  of 
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iMi  liha  aboTB  sabuloua  matters^  are  the  ap- 
propmte  lemedies.  The  best  diet  for  pa- 
tients labouring  under  the  lithic  deposite,  is 
a  vegetable.  Dr  Wollaston's  fine  observa- 
tion»  that  the  excrement  of  birds  fed  solely 
upon  animal  matter,  is  in  a  great  measure 
lithic  acid,  and  the  curious  fact  since  ascer- 
tained, that  the  excrement  of  the  boa  con- 
strictor, fed  also  entirely  on  animals,  is  pure 
lithic  add,  concur  in  giring  force  to  the  above 
dietetic  prescription.  A  week's  abstinence 
fVom  animal  food  has  been  known  to  relieve 
a  fit  of  lithic  add  gravel,  where  the  alkalis 
were  of  little  avaiL  But  we  must  not  carry 
tiie  vegetable  system  so  fiur  as  to  produce 
flatulency  and  indigestion. 

Such  are  the  principal  circumstances  con- 
Bccted  with  the  disease  of  gravel  in  its  inci- 
dent or  sabulous  state.  The  calculi  formed 
in  the  kidneys  are^  as  we  have  said  above, 
cither  lithic,  oxaUc,  or  cystic ;  and  very  rare- 
ly indeed  of  the  phosphate  spedes.  An  aque- 
ous regimen,  moderate  exerdse  on  horseback 
when  not  accompanied  with  much  irritation, 
cold  bathing,  and  mild  aperients,  along  with 
the  appropriate  chemical  medidnes,  must  be 
prescribed  in  kidney  cases.  These  are  par- 
ticularly requisite  imipediately  after  acute 
pain  in  the  region  of  the  ureter,  and  inflam- 
matory symptoms  have  led  to  the  belief  that 
a  nudeus  has  descended  into  the  bladder. 
Purges,  diuretics,  and  diluents,  ought  to  be 
Uberally  enjoined.  A  large  quantity  of  mu- 
cus streaked  with  blood,  or  of  a  purulent 
aspect,  and  hannorrhagy,  are  frequent  symp- 
toms of  the  passage  of  the  stone  into  the 
bladder. 

When  a  stone  has  once  lodged  in  the  blad- 
der, and  increased'  there  to  such  a  size  as  no 
longer  to  be  capable  of  passing  through  the 
urethra,  it  is  generally  allowed  by  all  who 
'  have  candidly  considered  the  subject,  and 
who  are  qualified  by  experience  to  be  judges, 
that  the  stone  can  never  again  be  dissolved ; 
and  although  it  is  possible  that  it  may  be- 
come so  loosened  in  its  texture  as  to  be  void- 
ed piecemeal,  or  gradually  to  crumble  away, 
the  event  is  so  rare  as  to  be  barely  probable. 

By  examining  collections  of  calculi  we 
learn,  tliat  in  by  far  the  greater  number  of 
cases,  a  nucleus  of  lithic  acid  is  enveloped  in 
a  crust  of  the  phosphates.  Our  endeavours 
must  therefore  be  directed  towards  redudng 
the  excess  of  lithic  add  in  the  urine  to  its 
natural  standard  ;  or,  on  the  other  hand,  to 
lessen  the  tendency  to  the  deposition  of  the 
phosphates.  The  urine  must  be  submitted 
to  chemical  examination,  and  a  suitable  course 
of  diet  and  medidnes  prescribed.  But  the 
chemical  remedies  must  be  regulated  nicely, 
so  as  to  bit  the  happy  equilibrium  in  which 
no  deposite  will  be  formed.  Here  is  a  power- 
ful call  on  physicians  and  surgeons  to  make 
themselves  thoroughly  versant  in  chemical 
adence;  for  they  will  otherwise  commit,  the 


.most  dangerous  blunders  in  calculous  oom- 
plaiots. 

"  The  idea  of  dissolving  a  calculus  of  uric 
acid  intlie  bladder,  by  tlie  internal  use  of  the 
caustic  alkaUs,"  si^  Mr  Brande,  '*  appears 
too  absurd  to  merit  serious  refutation."  In 
respect  to  the  phosphates,  it  seems  posable,  by 
keeping  up  an  unusual  aridity  in  the  urine, 
so  far  to  soften  a  crust  of  the  calculus  as  to 
make  it  crumUe  down,  or  admit  of  being 
idiraded  by  the  sound ;  but  this  is  the  utmost 
that  can  be  looked  for,  and  the  lithic  nucleus 
will  still  remain.  "  These  considerations,** 
adds  Mr  Brande,  "  independent  of  more  ur- 
gent reasons,  show  the  futility  of  attempting 
the  solution  of  a  stone  of  the  bladder  by  the 
injection  of  add  and  alkaline  solutions.  In 
respect  to  the  alkalis,  if  suffidently  strong  to 
act  upon  the  uric  crust  of  the  calculus,  they 
would  certainly  injure  the  coats  of  the  blad- 
der ;  they  would  otherwise  become  inactive 
'by  combination  with  the  adds  of  the  urine^ 
and  they  would  form  a  dangerous  predpi- 
tate  from  the.  same  cause." — **  It  therefore 
appears  -to  me,  that  Fourcroy  and  others, 
who  have  adrised  the  plan  of  injection,  have 
thought  little  of  all  these  obstacles  to  success, 
and  have  regarded  the  bladder  as  a  lifeless  re- 
ceptacle, into  which,  as  into  an  India  rubber 
bottle,  almost  any  solvent  might  be  injected 
with  impunity."— Journo/  of  Science,  vol. 
viii.  p.  216< 

It  does  not  appear  that  the  peculiarities  of 
water  in  different  districts  have  any  influence 
upon  the  production  of  calculous  disorders. 
Dr  WoUaston's  discovery  of  the  analogy  be- 
tween urinary  and  gouty  concretions,  has  led 
to  the  trial  in  gravel  of  the  vinum  colchici,  the 
spedfic  for  gout  By  a  note  to  Mr  Brande*s 
dissertation,  we  learn  that  benefit  has  been 
derived  from  it  in  the  case  of  red  gravel. 

Dr  Henry  confirms  the  above  precepts  ii^ 
the  following  decided  language :— "  These 
cases,  and  others  of  the  same  kind,  which  I 
think  it  unnecessary  to  mention,  tend  to  dis- 
courage all  attempts  to  dissolve  a  stone  ^up- 
posed  to  consist  of  uric  acid,  after  it  has 
attained  considerable  size  in  the  bladder :  all 
that  can  be  effected  under  such  drcumstances 
by  alkaline  medicines  appears,  as  Mr  Brande 
has  remarked,  to  be  the  precipitating  upon  it 
a  coating  of  the  earthy  phosphates  from  the 
urine ;  a  sort  of  concretion  which,  as  has  been 
observed  by  various  practical  writers,-  in- 
creases much  more  rapidly  than  that  consist- 
ing of  uric  add  only.  Tlie  same  unfavour- 
able inference  may  be  drawn  also  from  the 
dissections  of  those  persons  in  whom  a  stone 
was  supposed  to  be  dissolved  by  alkaline  me- 
didnes; for  in  these  instances  it  has  been 
found  either  encysted,  or  placed  out  of  the 
reach  of  the  sound  by  an  enlargement  of  the 
prostate  gland. 

The  urinary  calculus  of  a  dog,  examined 
by  Dr  Pearson,  was  found  to  consist  prind- 
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pally  of  the  phospbateB  of  lime  and  ammonia, 
with  animal  matter.  Several  taken  from  hones 
were  of  a  Mmilar  composition.  One  of  a  rab- 
bit consisted  chiefly  of  carbonate  of  lime  and 
animal  matter,  with  perhaps  a'litUe  phospho- 
ric add.  A  quantity  of  sabulous  matter, 
neither  crystallited  nor  concrete,  is  sometimes 
found  in  the  bladder  of  the  hone :  in  one  in- 
stance there  were  nearly  45  pounds.  These 
appear  to  consist  of  carbonate  of  lime  and  ani- 
mal matter.  A  calculus  of  a  cat  *gave  Four- 
croy  three  parts  of  carbonate  and  one  of  the 
phosphate  of  lime.  That  of  a  pis,  according 
to  Berthollet,  was  phosphate  of  hme. 

The  renal  calculus  in  man  appean  to  be 
of  the  same  nature  as  the  urinary.  In  that 
of  the  horse,  Fourcroy  found  three  parts  of 
carbonate  and  one  of  phosphate  of  lime :  Dr 
Pearson,  in  one  instance,  carbonate  of  lime 
and  animal  matter ;  in  two  others,  phosphates 
of  lime  and  ammonii^  with  animal  matter. 

Arthritic  calculi,  or  those  formed  in  the  ' 
jmnts  of  ^outy  persons,  were  once  supposed 
to  be  carbonate  of  lime^  wheppe  they  were 
called  chalkstones ;  afterward  it  was  suppos- 
ed that  they  were  phosphate  of  lime ;  but  Dr 
Wollaston  has  shown  that  they  are  lithate 
of  soda.  The  calculi  found  sometimes  in 
the  pineal,  prostate,  salivary,  and  bronchial 
glands,  in  the  pancreas,  in  the  corpora  cSp* 
vernosa  penis,  and  between  the  muscles,  as 
well  as  the  tartar,  as  it  is  called,  that  incrusta 
the  teeth,  appear  to  be  phosphate  of  lime. 
Dr  Crompton,  however,  examiued.a  calculus 
taken  from  the  lungs  of  a  deceased  soldier, 
which  consisted  of  lime  45,  carbonic  acid  37, 
albumen  and  water  18b  It  was  very  hard, 
irregularly  spheroidal,  and  measured  about 
6^  inches  in  circumference. 

For  the  biliary  calculi,  see  Gall.  Those 
called  bexoars  have  been  already  noticed  un- 
der that  article. 

It  has  been  observed,  that  the  lithic  add, 
which  constitutes  the  chief  part  of  most  hu- 
man urinary  calculi,  and  abounds  in  the  ar- 
thritic, has  been  found  in  no  phytivorous  ani- 
mal ;  and  hence  has  been  deduced  a  practical 
inference,  that  abstinence  from  animal  food 
would  prevent  their  formation.  But  we  are 
inclined  to  think  this  conclusion  too  hasty. 
The  cat  is  carnivorous;  hut  it  appeared 
above^  that  the  calculus  of  that  animal  is 
equally  destitute  of  lithic  acid.  If,  therefore, 
we  would  form  any  deduction  with  reqpect 
to  regimeA,  we  must  look  for  something  used 
by  man,  exclusively  of  all  other  animals ; 
and  thb  is  obviously  found  in  fermented 
liquors^  but  apparently  in  nothing  else :  and 
this  practical  inference  is  sanctioned  by  the 
most  respectable  medical  authorities. 

The  following  valuable  criteria  of  the  dif- 
ferent kinds  of  urinary  calculi,  have  been 
given  by  M.  Berzelius  in  his  treatise  on  the 
use  of  the  blowpipe. 

1.  We  may  recognize  calculi  formed  of 


uric  addf  from  their  being  carbofifsed  ttd 
smoking  with  an  animal  o«lour,  when  heated 
by  themselves  on  charcoal  or  platinom-foiL 
They  dwindle  away  at  the  blowpipe  flame. 
Towards  the  end,  they  bum  with  an  increase 
of  light,  and  leave  a  small  quantity  of  whita 
very  alkaline  ashes. 

To  distinguish  these  concretions  /rom  other 
substances  whidb  comport  themselves  in  the 
above  manner,  we  must  try  a  portion  of  the 
calculus  by  the  humid  way.  Thus  a  tenth- 
of  a  grain  of  this  calculus  being  put  on  a  thin 
plate  of  glass  or  platinum,  along  with  a  drop 
of  nitric  add,  we  must  heat  it  at  the  flame  of 
the  lamp.  The  uric  acid  dissolves  with  effer- 
vescence. The  matter,  when  dried  with  pre- 
caution to  prevent  it  from  chanring,  is  obtained 
in  a  fine  red  colour.  If  the  calculus  contains 
but  little  uric  add,  the  substance  sometimes 
blackens  by  this  process.  We  must  thein  take 
a  new  portion  of  Che  concretion,  and  after  hav- 
ing dissolved  it  in  nitric  acid,  remove  it  fromt 
the  heat :  the  solution,  when  nearly  dry,  is  to 
be  allowed  to  cool  and  become  dry.  We  then- 
expose  it,  sticking  to  its  support,  to  the  wann 
vapour  of  caustic  ammonia.  ( FVom  water  of 
ammonia  heated  in  a  tea-spoon).  TliisanunOH 
niacal  vapour  develops  a  beautiful  red  colour 
in  it  We  may  also  moisten  tlie  dried  matter 
with  a  little  weak  water  of  ammonia. 

If  the  concretions  are  a  mixture  <^uric  add 
and  earthy  phosphate,  they  carbonise  and  con- 
sume like  the  above,  but  thdr  redduum  ia 
more  bulky :  it  is  not  alkaline^  nor  soluble  ia 
water.  They  exhibit,  with  nitric  acid  and  am- 
monia, the  fine  red  colour  of  uric  add.  Their 
ashes  contdn  phosphate  of  lime,  or  of  lime  and 
magnesia. 

2.  The  calcuH  of  urate  of  toda  are  hardly 
met  with  except  in  the  concretions  round  the 
articulations  of  gouty  patients.  When  heated 
alone  upon  charcoal,  they  blacken,  exhaling 
an  empyreumatic  animal  odour:  they  are  with 
difficulty  reduccditttoashes,  which  arestrongly 
alkaline^  and  are  capable  of  vitrifying  dlica. 
When  there  are  earthy  salts  (pho^ates)  in 
these  concretions,  tb^  afford  a  whitish  ov 
opaque  grey  glass. 

3.  The  calculi  of  urate  of  ammonia  com- 
port tfaemsdves  at  the  blowpipe  like  those  of 
uric  add.  A  drop  of  caustic  potash  makes 
them  exhale,  at  a  moderate  heat,  much  ammo* 
nia.  We  must  not  confbund  this  odour  with 
the  slight  ammoniaco-lixivial  smell,  whidi 
potash  disengages  from  the  greater  part  of  ani- 
mal substances.  Urate  of  soda  is  likewise 
found  in  these  calculi. 

4w  Calculi  of  phosphate  rf  lime.  They  black- 
en, with  the  exlujation  of  an  empyreuma* 
tic  animal  odour,  without  mdting  of  them- 
sdves  at  the  blowpipe,  but  whiten  into  an 
evident  calcareous  phosphate.  With  soda  they 
swell  up  without  vitrifying.  Disiolved  in 
boracic  acid,  and  fused  along  with  a  little  iron^ 
they  yield  a  bead  of  phosphuret  of  iron. 
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&  Caicuil  ^  ommoniaoo-fiuignfjjaif  fdio^-  tion,  giving  birth  to  the  three  genenl  fbrttis 
phatUf  heated  alone  oa  a  plate  of  platinum,  of  gaseous,  Uijuid,  and  solid, 
exhale  the  empyrtuinatic  animal  odour,  at  Many  eminent  philosophen,  hoiverer,  hare 
the  same  time  blackening,  swelling  up,  and  doubted  the  separate  entity  of  a  calorific  mat- 
beooming  finely  greyish-white.  A  kind  of  ter,  and  haveadduced  evidence  to  show  that  the 
greyish-white  enamel  is  in  this  manner  ob-  phenomena  might  be  rather  referred  to  a  ri- 
tained.  With  borax  they  melt  into  a  glass,  bratory  or  intesdne  motion  of  the  particles  of 
which  is  transparent,  or  which  becomes  of  a  common  matter.  The  most  distinguished  ad- 
milky-white  on  cooling.  Soda  in  small  quan-  vocate  of  this  opinion  in  modem  times  is  Sir 
lity  causes  them  to  fuse  into  a  frothy  white  H.  Davy,  the  usual  justness  and  profundity 
sla^;  a  larger  quantity  of  soda  makes  them  of  whose  views  entitle  them  to  deference.  The 
infusible,     lliey  yield,  with  iron  and  boradc  following  sketch  of  his  ideas  on  this  intricate 


a  bead  of  phosphuret  of  iron :  with  ni-  subject,  though  it  graduates  perhaps  into  the 

trate  of  cobalt,  a  glass  of  a  deep  red  or  brown,  poetry  of  science,  cannot  fidl  to  increase  our 

•If  salts  of  lime  exist  in  these  concretions,  the  admiration  of  his  genius,  and  to  inculcate 

mixture  of  them  is  less  fbsible.  moderadon  on  the  partisans  of  the  opposite 

6L  Calcuti  of'  oxatatg  of  limey  exposed  to  doctrine, 
the  blowpipe,  exhale  at  first  the  urinous  smell :  **  Calorific  repulsion  has  been  accounted  for 
they  become  first  of  a  dull  colour  at  the  fianie,  by  supposing  a  subtile  fluid  capable  of  com- 
and  afterwards  their  colour  brightens.  What  bining  with  bodies,  and  of  separating  their 
remains  after  a  moderate  ignition,  effervesces  parts  from  each  other,  which  has  been  named 
with  nitric  acid.  After  a  smart  jet  of  the  the  matter  of  heat  or  caloric 
fiame^  there  remains  quicklime  on  the  charcoal,  *^  Many  of  the  phenomena  admit  of  a  happy 
which  reacts  like  an  alkali  on  the  colour  of  explanation  on  this  idea,  such  as  the  cold  pro- 
litmus,  wild  mallow  flower,  or  cabbage,  and  duced  during  the  conversion  of  solids  into 
•lakes  with  water.  But  this  does  not  happen  fluids  or  gases,  and  the  increase  of  temperature 
when  tlie  residuum  consists  of  calcareous  connected  with  the  condensation  of  gases  and 
phosphate.  fluids."  In  the  former  case  we  say  the  matter 
7.  2%c  iaUuou$  ealculusj  heated  alone,  leaves  of  heat  is  absorbed  or  combined,  in  the  latter 
sobcoriaceous  or  infusible  adies.  Treated  with  it  is  extruded  or  disengaged  from  combination, 
a  little  soda,  these  dissolve  with  effervescence,  *'  But  there  are  other  iacts  which  are  not  so 
but  slowly,  leaving  a  bead  of  glass  of  a  grey  easily  reconciled  to  the  opinion.  Such  are  the 
colour,  or  of  little  traiiq)arency.  production  of  heat  by  friction  and  percussion ; 

8.  Lastly,  the  cystic  oxide  calcuU  afford  and  some  of  the  chemical  changes  which  have 

nearly  the  same  results  as  uric  add  at  the  beenjust  referred  to."    These  are,  the  violent 

blowpipe.     They  readily  take  fire,  burning  heat  produced  in  the  explosion  of  gunpowder, 

vrith  a  bluish-greeo  flame,  without  melting,  where  a  Urge  quantity  of  aeriform  matter  is 

with  the  disengagement  of  a  lively  and  very^  disengaged ;  and  the  fire  which  appears  in  the 

peculiar  acid  odour,  which  has  some  aflSnity  decomposition  of  the  euchlorine  gas,  or  prot- 

to  tiiat  of  cyanogen.     Their  ashes,  which  are  oxide  of  chlorine,  though  the  resulting  gases 

not  alkaline,  redissolve  by  a  jet  of  the  flame  occupy  a  greater  volume. 

into  a  greyish-white  noass.    lliey  do  not  yield  **  When  the  temperature  of  bodies  is  raised 

a  i«d  colour  in  their  treatment  with  nitric  acid,  by  friction,  there  seems  to  be  no  diminution 

like  the  uric  acid  concretions.  of  their  capacities,  using  the  word  in  its  com- 

CALICO  PRINTING;  the  art  of  dyeing  mon  sense;  and  in  many  chemical  changes, 

cloth  (chiefly  cotton  and  linen)  topically ;  that  connected  with  an  increase  of  temperature, 

is^  impressing  figures,  in  one  or  more  colours,  there  appears  to  be  likewise  an  increase  cf 

on  certain  parts  of  the  clodi,  while  the  rest  of  capacity.     A  piece  of  iron  made  red-hot  by 

the  surface  is  left  in  its  original  state.     See  hammering,  cannot  be  strongly  heated  a  second 

Dybino.  time  by  the  same  means,  unless  it  has  been 

CALOMEL.    Chloride  of  mercury;  fre^  previously  introduced  into  a  fire.     This  fact 

qoen%  called  mild  muriate  of  mercury,  and  has  been  expkined  by  supposing  that  the  fluid 

aometiffles,  but  less  properly,  submuriate  of  of  heat  has  been  pressed  out  of  it  by  the  per- 

mercury.     See  MsRCimY.  eussion,  which  is  recovered  in  the  fire ;  but 

this  is  a  very  rude  mechanical  idea  s  the  ar- 

Oh  CAioaic  rangements  of  its  parts  are  altered  by  hammer- 
ing in  this  way,  and  it  is  rendered  brittie. 

CALORIC     The  agent  to  which  the  By  a  moderate  degree  of  friction,  as  would 

phenomena  of  heat  and  combustion  are  as-  appear  from  Rumford's  experiments,  the  same 

eribed.     This  is  bypothetically  r^rded  as  a  piece  of  metal  may  be  kept  hot  for  any  length 

fluid  of  inappreciable  tenuity,  whose  particles  of  time;  so  that  if  heat  be  pressed  out,  the 

are  endowed  with  indefinite  idio -repulsive  quantity  must  be  inexhaustible.     When  any 

powers,  and  whidi,  by  their  distribution  in  body  is  cooled,  it  occufnes  a  smaller  volume 

various  proportions  among  the  particles  of  than  before ;  it  is  evident  therefore  that  its 

ponderable  matter,  modify  cohesive  attrac-  parts  must  have  approached  to  each  other: 
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When  the  body  b  eKpsnded  by  heat,  it  !s 
equally  evident  that  its  parts  must  hare  se- 
parated from  each  other.  Tlie  immediate 
cause  of  the  phenomena  of  heat,  then,  is  mo- 
tion, and  the  laws  of  its  communication  are 
precisely  the  same  as  tlie  laws  of  the  com- 
munication of  motion."  "  Since  all  matter 
may  be  made  to  fill  a  smaller  volume  by  cool- 
ing, it  is  evident  that  the  particles  of  matter 

■  must  have  space  between  them;  and  since 
every  body  can  communicate  the  power  of 
expansion  to  a  body  of  a  lower  temperature, 
that  is,  can  give  an  expansive  motion  to  its 
panicles,  it  is  a  probable  inference  that  its  own 
particles  are  possessed  of  motion ;  but  as  there 
is  no  change  in  the  position  of  its  ports  as 
long  as  its  temperature  is  uniform,  the  motion, 
if  it  exist,  must  be  a  vibratory  or  undulatory 
motion,  or  a  motion  of  the  particles  round 
their  axes,  or  a  motion  of  particles  round  each 
other. 

**  It  seems  possible  to  account  for  all  the 
phenomena  of  heat,  if  it  be  supposed  that  in 
solids  the  particles  are  in  a  constant  state  of 
vibratory  motion,  the  particles  of  the  hottest 
bodies  moving  with  the  greatest  velocity,  and 
through  the  greatest  space;  that  in  liquids 
and  elastic  fluids,  besides  the  vibratory  mo- 
tion, which  must  be  conceived  greatest  in 
the  last,  the  particles  have  a  motion  round 
their  own  axes,  with  different  velocities,  the 
particles  of  elastic  fluids  moving  with  the 
greatest  quickness ;  and  that  in  ethereal  sub- 
stances,'* the  particles  move  round  their  own 
axes,  and  separate  from  each  other,  penetrat- 
ing in  right  lines  through  space.  Tempera- 
ture may  be  conceived  to  depend  upon  the 
velocities  of  the  vibrations ;  increase  of  ca- 
pacity, on  the  motion  being  performed  in 
greater  space;  and  the  diminution  of  tem- 
perature, during  the  conversion  of  solids  into 
fluids  or  gases,  may  be  explained  on  the  idea 
of  the  loss  of  vibratory  motion,  in  conse- 
quence of  tlte  revolution  of  particles  round 
their  axes,  at  the  moment  when  the  body  be- 
comes liquid  or  aeriform ;  or  from  the  loss  of 
rapidity  of  vibration,  in  consequence  of  the 
motion  of  tlie  particles  through  greater  space. 
"  If  a  specific  fluid  of  heat  be  admitted, 
it  must  be  supposed  liable  to  most  of  the  af- 
fections which  the  particles  of  common  matter 
«re  assumed  to  possess,  to  account  for  the 
phenomena ;  such  as  losing  its  motion  when 
combining  with  bodies,  producing  motion 
when  transmitted  from  one  body  to  another, 
and  gaining  projectile  motion  when  passing 
into  free  space;  so  tliat  many  hypotheses 
must  be  adopted  to  account  for  its  agency, 
which  renders  this  view  of  the  subject  less 
simple  than  the  other.  Very  delicate  ex- 
periments have  been  made,  which  show  that 

'  bodies,  when  heated,  do  not  increase  in  weight 
This,  as  far  as  it  goes,  is  an  evidence  against 
a  subtile  elastic  fluid  producing  the  calorific 
expansion;  but  it  cannot  be  considered  as 


decisive^  on  aooonnt  of  the  imperfection  of 
our  instruments.  A  culncal  inch  of  inflam- 
mable air  requires  a  good  balance  to  ascertain 
that  it  has  any  sensible  weight,  and  a  sub- 
stance bearing  the  same  relation  to  thl%  that 
this  bears  to  platinum,  could  ruit  perhaps  be 
weighed  by  any  method  in  our  possessioiu*' 

It  has  been  suj^posed,  on  the  other  band, 
that  the  observations  of  Sir  Wm.  Herschel 
on  the  calorific  rays  which  accompany  those 
of  light  in  the  solar  beam,  afTdKi  decisive  evi- 
dence of  the  materiality  of  caloric,  or  at  least 
place  the  proof  of  its  existence  and  that  of 
Lght  on  the  same  foundation.  That  cele- 
brated astronomer  discovered,  tliatwhen  simi- 
lar thermometera  were  placed  in  the  different 
parts  of  Uie  solar  beam  decomposed  by  the 
prism  into  the  primitive  colours,  they  indi- 
cated different  temperatures.  He  estimates 
the  power  of  heating  in  the  red  rays,  to  be 
to  that  of  the  green  rays  as  55  to  26,  and  to 
that  of  the  violet  rays,  as  55  to  16.  And  in 
a  space  beyond  the  red  rays,  where  there  is 
no  visible  light,  the  increase  of  temperature 
is  greatest  of  all.  Thus,  a  thermometer  in 
the  full  red  ray  rose  7^  Fahr.  in  ten  minutes ; 
beyond  the  confines  of  the  coloured  beam 
entirely,  it  rose  in  an  equal  time  9**. 

These  experiments  were  repeated  by  Sir  H. 
Englefield  with  similar  results.  M.  Berard^ 
however,  came  to  a  somewhat  different  con- 
clusion. To  render  his  experiments  more 
certain,  and  their  effebts  more  sensible,  this 
Ingenious  philosopher  availed  himself  of  the 
hetioslali  an  instrument  by  which  the  sunbeam 
can  be  steadily  directed  to  one  spot  during  tlie 
whole  of  its  diurnal  perio<^  He  decomposed 
by  a  prism  the  sunbeam  reflected  from  the 
mirror  of  the  heliostat,  and  placed  a  sensible 
tliermometer  in  each  of  the  seven  coloured 
rays,  llie  calorific  faculty  was  found  to  in- 
crease progressively  from  the  violet  to  the  red 
portion  of  the  spectrum,  in  which  the  fiuin- 
mum  heat  existed,  and  noi  beyond  it  in  the 
unilluminated  space.  The  greatest  rise  in  the 
thermometer  took  place  while  its  bulb  was  still 
entirely  covered  by  the  last  red  rays ;  and  it 
was  observed  progressively  to  sink  as  the  bulb 
entered  into  the  dark.  Finally,  on  placing 
the  bulb  quite  out  of  the  visible  spectrum, 
where  Herschel  fixed  the  maximum  of  heat, 
the  elevation  of  its  temperature  above  the 
ambient  air  was  found,  by  M.  Berard,  to  be 
only  one-fifUi  of  what  it  was  in  the  extreme 
red  ray.  He  aiVerwards  made  similar  experi- 
ments on  tlie  double  spectrum  produced  by 
Island  crystal,  and  also  on  polarized  light; 
and  he  found  in  both  cases  that  the  calorific 
principle  accompanied  the  luminous  mole- 
cules; and 'that  in  the  positions  where  light 
ceased  to  be  reflected,  heat  also  disappeared. 
It  has  been  observed,  however,  that  the 
material  of  which  the  prism  is  formed,  modi- 
fies the  above  results.  According  to  See- 
beck,  the  hottest  point  of  the  spectrum  fUls 
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beyond  the  red  ray,  when  the  prism  is  made 
of  English  flint-glass;  and  in  the  red  ray 
itself,  when  the  prism  consists  of  crown  glau 
or  ordinary  white  glass ;  whilst,  if  we  substitute 
for  the  solid  prism  a  hollow  one  made  of  glass 
plates,  filled  with  alcohol,  water,  and  essence 
of  turpentine,  it  is  in  the  yellow  ray  that  the 
strongest  beat  n  perceived;  with  sulphuric 
acid,  the  greatest  heat  is  in  the  orange. 

Newton  has  shewn  that  the  different  re- 
frangibility  of  the  rays  of  light  may  be  ex- 
plained by  supposing  them  composed  of  par- 
ticles differing  in  size,  the  largest  being  at 
tibe  red,  and  the  smallest  at  the  violet  ex- 
tremity of  the  spectrum.  The  same  great 
man  has  put  the  query,  Whether  light  and 
common  matter  are  not  convertible  into  each 
other?  and  adopting  the  idea  that  the  phe- 
nomena of  sensible  heat  depend  upon  vibra- 
tions of  the  particles  of  bodies,  supposes  that 
a  certain  intensity  of  vibrations  may  send  off* 
particles  into  free  space ;  and  that  particles  in 
rapid  motion  in  right  lines,  in  losing  their  own 
motion,  may  communicate  a  vibratory  motion 
to  the  particles  of  terrestrial  bodies.  In  this 
vray  we  can  readily  conceive  how  the  red  rays 
should  impinge  most  forcibly,  and  therefore 
^dte  the  greatest  degree  of  heat. 

Emnigh  has  now  been  said  to  shew  how 
little  room  there  is  to  pronounce  dogmatic 
dedaions  on  the  abstract  nature  of  heat.  'If 
the  essence  of  the  cause  be  still  involved  in 
mystery,  many  of  its  properties  and  eff*ects 
have  been  ascertained,  and  skiifuUy  applied 
to  the  cultivation  of  science  and  the  uses  of 
Ufe. 

We  shall  consider  them  in  the  following 
order:— 

1.  Of  the  measure  of  temperature. 

2L  Of  the  distribution  of  heat. 

3.  Of  the  general  habitudes  of  heat  with 
the  different  forans  of  matter. 

It  will  b^  convenient  to  make  use  of  the 
popular  language,  and  to  speak  of  heat  as 
existing  in  bodies  in  greater  or  smaller  quan- 
titiesy  without  meaning  thereby  to  decide  on 
the  question  of  its  nature. 

1.  Of  the  measure  of  temperature. 

If  a  rod  or  ring  of  metal  of  considerable 
me,  which  is  fitted  to  an  oblong  or  circular 
gauge  in  its  ordinary  state,  be  moderately 
heated,  it  will  be  found,  on  applying  it  to 
the  cool  gauges  to  have  enlaiged  its  dimen- 
sions. It  is  thus  that  coachmakers  enlarge 
their  strong  iron  rims,  so  as  to  make  them 
embrace  and  firmly  bind,  by  their  retraction 
when  cooled,  the  wooden  frame-work  of  their 
wheels. 

Ample  experience  has  proved,  that  bodies, 
by  being  progressively  heated,  progressivdy 
increase  in  bulk.  On  this  principle  are 
constructed  the  varioas  instruments  for  mea- 
suring temperature.  If  the  body  selected  for 
indicating,  by  its  increase  of  .bulk,  the  in- 
of  tKUdt,  suffered  equld  expansions  by 


equal  incremcnu  of  the  calorific  power,  then 
the  instrument  would  be  perfect,  and  we 
should  have' a  just  thermometer,  or  pyrom&> 
ter.  But  it  is  very  doubtful  whetlier  any 
substance,  solid  or  liquid,  preserves  this 
equable  relation  between  its  increase  of  vo- 
lume and  increase  of  heat  The  following 
quotation  from  a  paper  which  the  Royal  So- 
ciety did  me  the  honour  to  publish  in  their 
Transactions  for  1818,  conveys  my  notions 
on  this  subject 

*'  I  think  it  indeed  highly  probable,  that 
every  species  of  matter,  both  solid  and  liquid, 
foUovra  an  increasing  rate  in  its  enlargement 
by  caloric.  Each  portion  that  enters  into  a 
body  must  weaken  the  antagonist  force,  co- 
hesion, and  must  therefore  render  more  effi- 
cacious the  operation  of  the  next  portion  that 
is  introduced.  Let  1000  represent  the  co- 
hesive attraction  at  the  commencement,  then, 
afU^  receiving  one  increment  of  caloric,  it 
will  become  1000  —  1  ==  999.  Since  the 
next  unit  of  tliat  divellent  agent  vrill  have  to 
combat  only  this  diminished  cohesive  force, 
it  will  produce  an  effect  greater  than  the  first, 
in  the  proportion  of  1000  to  999,  and  so  on 
in  continued  progression.  Tliat  the  increas- 
ing ratio  is,  however,  greatly  less  than  Mr 
Dalton  maintains,  may,  I  think,  be  clearly 
demonstrated."     P.  34. 

The  chief  object  of  the  second  chapter  of 
that  memoir,  is  the  measure  of  temperature. 
The  experiments  on  which  the  reasoning  of 
that  part  is  founded,  were  made  in  the  years 
1812  and   1813^  in  the  presence  of  many 
philosophical  friends  and  pupils.     By  means 
of  two  admirable  micrometer  microscopes  of 
Mr  Troughton*s  construction,  attached  to  a 
peculiar  pyrometer,  I  found  that  between  the 
temperatures  of  melting  ice,  and  the  540th 
degree  Fahr.,   the  apparent  elongations  of 
rods  of  pure  copper  and  iron  corresponded 
pari  passu  with  the  indications  of  two  mer- 
curial thermometers  of  singular  nicety,  made 
by  Mr  Crighton  of  Glasgow,  compared  with 
a  very  fine  one  of  Mr  IVoughton's.     I  con- 
sider the  above  results,  and  others  contained 
in  that  same  paper,  as  decisive  against  Mr 
Dalton*s  hypothetical  graduation  of  thermo- 
meters,    lliey  were  obtained  and  detailed 
in  public  lectures  many  years  before  the  ela- 
borate researches  of  MM.  Petit  and  Ciulong 
on  the  same  subject  appeared;  and  indeed 
the  paper  itself  passed  through  Dr  Iliom- 
son's  hands  to  London,  many  months  before 
the  excellent  dissertation  of  the  French  phi- 
losophers was  published. 

Tlie  researches  of  MM.  Dulong  and  Petit 
are  contained  in  the  7th  volume  of  the  An- 
nates de  Chimie  et  de  Physique.  They  com- 
mence with  some  historical  details,  in  which 
they  observe,  "  That  Mr  Dalton,  consider- 
ing this  question  from  a  point  of  view  much 
more  elevated,  has  endeavoured  to  establish 
general  laws  applicable  to  the  measurement 
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of  all  temperatuKs.  These  laws,  it  must  be 
acknowledged,  form  an  impoBing  wh<rfe  by 
their  regularity  and  simplicity.  Unfortu- 
nately, this  skilful  philosopher  proceeded 
with  too  much  r^idity  to  generalize  his  very 
ingenious  notions,  but  which  depended  oil 
uncertain  data.  The  consequence  is,  that 
there  is  scairely  one  of  his  assertions  but 
what  is  contradicted  by  the  result  of  the 


researches  which  we  are  now  goaog  to  make 
known."  M.  Gay  Luasac  had  previously 
shown,  that  between  the  limits  of  freedng 
and  boiling  water,  a  mercurial  and  an  air 
thermometer  did  not  present  any  sennble 
discordance.  The  following  table  of  MM. 
Dulong  and  Petit  gives  the  results  from 
nearly  the  freesing  to  the  boiling  point  of 
mercury.     . 


TABLE  ofComjmrison  of  the  Mercurial  and  Air  ThermomeUr, 


Tempenture  indicated  by  the 
mercttriaL 

CorrMpoDding 

vda.  of  the  tame 

mats  of  air. 

Temperature  indicated  by  an  air  ther. 
oorrected  for  the  dilatatfiofn  ofglaa. 

Centigr. 

Fabr. 

Centigr.   . 

Fabr. 

• 

—360 
0 
100 
150 
200 
250 
300 
Boiling,  360 

—32.8° 
+32 

212 

302 

392 

482 

572 

680 

0.8650 
1.0000 
1.3750 
1.5576 
1.7389 
1.9189 
2.0976 
2.3125 

—36.00° 
0.00 
100.00 
I4a70 
197.05 
245.05 
292.70 
350.00 

—32.8° 
+32.0 
212.0 
299.66 
386.69 
475.09 
558.86 
662.00 

The  well  known  uniformity  in  the  prind* 
pal  physical  properties  of  all  the  gases,  and 
particularly  the  perfect  identity  in  the  laws  of 
their  dilatation,  render  it  Very  probable,  that 
in  this  class  of  bodies  the  disturbing  causes, 
*to  which  I  have  adverted  in  my  paper,  have 
not  the  same  influence  as  in  solids  and 
liquids ;  and  that  consequently  the  changes 
in  volume  produced  by  the  action  of  heat 
upon  air  and  gases,  are  more  inunediately 
dependent  upon  the  force  which  produces 
them.  It  is  therefore  very  probable^  that 
the  greatest  number  of  the  phenomena  relat- 
ing to  heat  will  present  themselves  under  a 
more  simple  form,  if  we  measure  the  tempe- 
ratures  by  an  air  thermometer. 

I  coincide  with  these  remarks  of  the' 
French  chemists,  and  think  they  were  justi- 
fied by  such  considerations  to  employ  the 
scale  of  an  air  thermometer  in  their  subse- 
quent researches,  which  form  the  second  part 
of  their  memoir  on  the  laws  of  the  communi- 
cation of  heat. 

Tlie  boiling  point  of  mercury,  according 
to  MM.  Dulong  and  Petit,  measured  by  a 
true  thermometer,  is  662  of  Fahr.  d^rees. 
Now  by  Mr  Crighton*s  thermometer  the 
boiling  point  is  656^,  a  difference  of  only  6° 
in  that  prodigious  range.  Hence  we  see,  as 
I  pointed  out  in  my  paper,  that  there  is  a 
compensation  produced  between  the  une- 
quable expansions  of  mercury  and  glass,  and 
the  lessening  mass  of  mercury  remaining  in 
the  bulb  as  the  temperatures  rise,  whereby 
his  thermometer  becomes  a  true  measurer  of 
the  increments  of  sensible  caloric.  From 
all  the  experiments,  which  have  been  made 


with  care,  we  are  safe  in  assuming  the  appa- 
rent expansion  of  mercury  in  gkun  to  be 
l-63d  part  of  its  volume  on  an  average  lor 
every  180o  Fahr.  between  32^^  and  662^,  or 
through  an  interval  of  7  times  90  degrees. 
Hence  the  apparent  expansion  in  glass  Ibr 
the  whole  is,  TTir  =  iV  =  T3Tr  =  S5o 
Fahr. 

Were  the  whole  body  of  the  thermometer, 
stem  and  bulb,  immersed  in  boiling  mercury, 
it  would  therdbre  indicate  35^  more  than  it 
does  when  the  bulb  alone  is  immersed,  or  it 
would  mark  nearly  691  ^  by  Crighton.  But 
the  abstraction  made  of  these  3^,  in  conse* 
quenoe  of  the  bulb  alone  being  immersed  in 
the  heated  liquids,  brings  back  the  common 
mercurial  scale^  when  well  executed,  nearly 
to  the  absolute  and  just  scale  of  an  air  ther- 
mometer, corrected  for  the  expansions  of  the 
containing  glasa. 

The  real  temperature  of  boiling  mercury 
by  Dulong  and  Petit  is  662<'  F. ;  the  appa* 
rent  temperature,  measured  by  mercury  in 
glass,  boiit  heated  to  the  boiling  point  of  the 
former,  is  680^.  But  the  latter  is  a  false 
indication,  and  Mr  Crighton's  compensated 
number  656^  is  very  near  the  truth.  We 
may  therefore  consider  a  well  made  mercurial 
thermometer  as  a  sufficiently  just  measurer 
of  temperature.  For  its  construction  and 
gmduation,  see  Thermoketeb. 

2.  Of  the  distribution  of  heat 

This  head  naturally  dirides  into  two  parta  ; 
first,  the  modes  of  distribution,  or  the  lanm 
of  cooling,  and  the  communication  of  beat 
among  aeriform,  liquid,  and  solid  substanoes ; 
and,  secondly,  the  specific  hcala  of 
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bodiei  at  tiie  taone  aad  it  di£Rerent  tempen- 
turea. 

The  first  views  relative  to  the  laws  of  the 
commuDicatioD  of  beat,  are  to  be  found  in 
the  Opuicula  ot  Newton.  Hiis  great  philo- 
sopher assumes  a  priori,  that  a  heated  body 
exposed  to  a  constant  cooling  cause,  such  as 
the  uniform  action  of  a  current  of  air,  ought 
to  lose  at  each  instant  a  quantity  of  heat  pro- 
portional to  the  excess  of  its  temperature 
above  that  of  the  ambient  air ;  and  that  con- 
sequently its  losses  of  heat,  in  equal  and  suc- 
cessive portions  of  time,  ought  to  form  a  de- 
creasing geometrical  pn^ression.  Though 
Martin,  in  his  Essays  on  Heat,  pointed  out 
long  ago  the  inaccuracy  of  the  preceding 
law,  which  indeed  could  not  fail  to  strike  any 
peraon,  as  it  struck  me  forcibly  the  moment 
that  I  watched  the  progressive  cooling  of  a 
sphere  of  oil  which  had  been  heated  to  the 
SOOdth  degree,  yet  the  proposition  has  been 
passed  from- one  systemadst  to  another  with- 
out contradiction. 

Erxleben  proved,  by  very  accurate  obser- 
vations, that  the  deviation  of  the  supposed 
law  increases  more  and  more  as  we  consider 
greater  differences  of  temperatures ;  and  con- 
cludes, that  we  should  fall  into  very  great 
errors  if  we  extended  the  law  much  beyond 
the  temperature  at  which  it  has  been  verified. 
Yet  Mr  Leslie  since,  in  his  ingenious  re- 
searches on  heat,  has  made  this  law  the  basis 
of  several  determinations,  which  from  that 
very  cause  are  regarded  as  inaccurate  by 
Dulong  and  Petit  These  gentlemen  have 
investigated  the  true  law  in  an  able  manner. 

When  a  body  cools  in  vacuoy  its  heat  is 
entirely  dissipated  by  radiation.  When  it  is 
placed  in  air,  or  in  any  otiier  fluid,  its  cool- 
ing becomes  more  rapid,  the  heat  carried  off 
by  the  fluid  being  in  that  case  added  to  that 
which  is  dissipated  by  radiation.  It  is  natu- 
ral therefore  to  distinguish  these  two  effects ; 
and  as  they  are  .subject  in  all  probability*  to 
different  laws,  they  ought  to  be  separately 
studied. 

MM.  Dulong  and  Petit  employed,  in  this 
research,  mercurial  thermometers  whose  bulbs 
were  from  0.8  of  an  inch  to  2.6 ;  the  latter 
containing  about  three  lbs.  of  mercury.  They 
found  by  preliminary  trials,  that  the  ratio  oi 
cooling  was  not  affected  by  the  sixe  of  the 
bulb,  and  that  it  held  also  in  comparisons 
of  mercury  with  water,  with  absolute  alcohol, 
and  with  sulphuric  add,  through  a  range  of 
temperature  from  GO  to  30  of  the  centigrade 
scale;  sothattheratioof  the  velocity  of  cool- 
ing between  60  and  50,  and  40  and  30,  was 
sensibly  the  same.  On  cooling  water  in  a  tin 
plate,  and  in  a  glass  sphere,  they  found  the 
law  of  cooling  to  be  more  rapid  in  the  former 
at  temperatures  under  the  boiling  point ;  but 
by  a  very  remarkable  casualty,  the  contrary 
eflect  takes  place  in  bodies  heated  to  high  tem- 
peratures, when  the  law  of  cooling  in  tin  plates 


becomes  least  rapid.  Hence,  generally,  that 
which  cools  by  a  most  nq>id  law  at  the  lower 
part  of  the  scale,  becomes  the  least  rapid  at 
high  temperatures.  • 

'*  Mr  Leslie  obtained  such  inaccurate  re^ 
suits  respecting  this  question,  because  he  did 
not  make  experiments  on  the  cooling  of  bodies 
raised  tohigh  temperatures,"  say  M  M.  Dulong 
and  Pedt,  who  terminate  their  preliminary 
researches  by  experiments  on  the  cooling  of 
water  in  three  tin-plate  vessels  of  the  same 
capacity,  the  first  of  which  was  a  sphere,  the 
second  and  third  cylinders ;  from  whidi  we 
learn  that  the  law  of  cooling  is  not  affected  by 
the  difference  of  shape. 

The  researches  on  cooling  in  a  vacuum 
were  made  with  an  exhausted  balloon ;  and 
a  compensation  was  calculated  for  the  mi- 
nute quantity  of  residuary  gas.  Hie  fol- 
lowing series  was  obtained  when  the  balloon 
was  surrounded  with  ice.  The  d^rees  are 
centigrade. 


Exoos  of  the  tberm. 
atxNre  tbe  ballooD. 

220 
200 
160 
160 
140 
120 
100 
80 


CorrespoDdlng  yelodUei 
of  cooling. 

10.69 
8.81 
7.40 
6.10 
4.89 
a88 

ao2 

2.30 
1.74 


The  first  column  contains  the  excesses  of 
temperature  above  the  walls  of  the  balloon ; 
that  IS  to  say,  the  temperatures  themselves, 
since  the  balloon  was  at  0^.     The  second  co- 
lumn contains  the  corresponding  velocities  of 
cooling,  calculated  and  corrected.     These  ve^ 
locities  are  the  numbers  (if  degrees  that  the 
thermometer  would  sink  in  a  minute.     The 
first  series  shows  clearly  the  inaccuracy  of  the 
geometrical  law  of  Richmann ;  for  according 
to  that  law,  the  velodty  of  cooling  at  200^ 
should  be  double  of  that  at  100^ ;  whereas  we 
find  it  as  7.4  to  2.3,  or  more  than  triple:  and 
in  like  manner,  when  we  compare  the  loss  of 
heat  at  240^  and  at  80o,  we  find  the  first 
about  6  times  greater  than  the  last ;  while,  ac- 
cording to  the  law  of  Richmann,  it  ought  to 
be  merely  triple.     From  tbe  above  and  some 
analogous  experiments,  the  following  law  has 
been  deduced :   fTAen  a  body  cools  in  vacuo, 
ntrrounded  by  a  medium  whose  temperature 
is  constttfUf  the  velocity  of  cooling  fir  excess  of 
temperature  in  arithmetical  progression,  i9». 
creases  as  the  terms  of  a  geometrical  pro-' 
gression,  diminished  by  a  certain  quantity. 
Or,  expressed  in  algebraic  language,  the  fol- 
lowing equation  contains  the  law  of  cooling  in 

$  t 
vacuo  .•  V  =:  m^  (o  —  1). 

^  is  the  temperature  of  the  substance  sur- 
rounding the  vacuum ;  and  t  that  of  the  heated 
body  above  the  former.     Tlie  ratio  a  of  this 
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progression  is  easily  found  for  the  thennome-  numbers  difiering  little  from  0.5  or  {,  W9 

ter,  whose  cooling  is  recorded  above ;  for  when  may  say,  that  in  the  aeriform  bodies  to  winch 

$  augments  by  20^,  i  remaining  the  same,  the  they  belong,  the  cooling  power  u  nearly  as 

Telocity  of^  cooling  is  then  multiplied  1.166,  the  square  root  of  elasticity.     "  If  we  com* 

which  number  is  the  mean  of  all  the  ratios  pare  the  law  which  we  have  thus  announced," 

experimentally  determined.     We  have  then  say  MM.  Dulong  and  Petit,  *<  with  the  ap- 

20  proximations  of  Leslie  and  Dalton,  we  shall 

«  =  -/  I  i^n 1  0077  be  able  to  judge  of  the  errors  into  which  they 

It  only  remains,  *in  order  to  verify  the  ao-  h«^e  been  led  by  the  inaccurate  suppowtions 

curacy  of  this  law,  to  compare  it  with  the  ^hich  sCTve  as  the  basis  of  all  their  cidcula. 

different  series  contained  in  the  table  In-  ttons,  and  by  the  bttle  precision  attainable  by 

sertedabore.     In  that  case,  in  which  the  sur-  the  methods  which  they  have  followed-      But 

rounding  medium  was  0^  it  is  necessary  to  ^^  these  discussions,  we  must  refer  to  the  me- 

^  ,  moir  itself. 

make  m  =  2.037,  for  m  = ,  and  n  is         xhe  influence  of  the  nature  of  the  surface 

,.  ,  *?'  °    .        TT  of  bodies  in  the  distribution  of  heat,  was  first 

an  intermediate  number;  we  have  then  V  ^„„t^,y  examined  by   Mr  Leslie.     This 

'  branch  of  the  subject  is  usually  called  the  ~ 


—  2.037  (a  —  1).  diation  of  caloric.     To  measure  the  amount 

ExceHesoftemp.      Vatuefof         Values  of  V  of  this  influence  with  precision,  he  contrived 

"^Swo""-        ^aeO*^        loeT"  .  pecuU«  in^n-ment  cJled   »  differenO^ 

ooQ                 Qgi                 Qgo  thermometer.     It  consists  of  a  glass  tube, 

200                  7  40                 7  34  ''^'^^  ^"^^^  ^^^  ^^"°  ^^  ^^  letter  U,  terminated 

jQQ                 g*«Q                /qq  at  each  end  with  a  bulb.     The  bore  is  about 

160                  4!89                 4] 87  ^^  ^''^  ^^  ^^  ^  ^""^  thermometers,  and 

140                 3  88                3  89  ^^  bulbs  have  a  diameter  of  j-  of  an  inch  and 

120                  3^02                 3*05  upwards.    Before  hermetically  closing  the  in- 

100                  2  30                 2' 33  strument,  a  small  portion  of  sulphuric  acid 

QQ                   /nA                 ifra  tinged  with  carmine  is  introduced.     The  ad- 
justment of  this  liquid,  so  as  to  make  it  stand 

The  loss  of  cooling  in  vacuo  being  known,  at  the  top  of  one  of  the  stems,  immediately 

nothing  is  more  simple  than  to  separate  from  below  the  bulb,  requires  dexterity  in  the  oper- 

the  total  cooling  of  a  body  surrounded  with  ator.     To  thu  stem  a  scale  divided  into  100 

air,  or  with  any  other  gas,  the  portion  of  the  parts  is  attached,  and  the  instrument  is  then 

effect  due  to  the  contact  of  the  fluid.     For  fixed  upright  by  a  little  cement  on  a  wooden 

this,  it  is  obviously  sufficient  to  subtract,  from  sole.     If  the  finger,  or  any  body  warmer  than 

the  real  velocities  of  cooling,  those  velocities  the  ambient  air,  be  applied  to  one  of  these 

which  would  take  place  if  the  body  cateru  .bulbs,  the  air  within  will  be  heated,  and  vriU 

paribus  were  placed  in  vacuo,     Tliis  subtrac-  of  course  expand,  and,  issuing  in  part  from 

tion  may  be  easily  accomplished,  now  that  we  the  bulb,  depress  before  it  the  tinged  liquor, 

have  a  formula  which  represents  tliis  velocity  The  amount  of  this  depre^on  observed  upon 

with  great  precision,  and  for  lUl  possible  cases,  the  scaler  will  denote  the  difference  of  tem- 

From  numerous  experimental  comparisons  perature  of  the  two  balls.     But  if  the  instru- 

the  following  law  was  deduced :   The  velocity  ment  be  merely  carried,  without  touching 

of  cooling  of  a  body,  owing  to  the  sole  contact  either  ball,  from  a  warmer  to  a  cooler,  or  froqi 

of  a  gas,  depends  for  the  same  excess  of  tern-  a  cooler  to  a  warmer  air,  or  medium  of  aqy 

perature  on  the  density  and  temperature  of  kind,  it  will  not  be  affected ;  because  the  equa- 

Ike  fluid  I  but  this  dependence  is  such,  that  the  lity  of  contraction  or  expansion  in  the  endo- 

velocity  of  cooling  remains  the  same,  if  the  sed  air  of  both  bulbs,  will  maintain  the  equiU- 

demity  and  the  temperature  of  the  gas  change  brium  of  the  liquid  in  the  stem.     Being  thus 

in  such  a  way  that  the  elasticity  remains  con-  independent  of  the  fluctuations  of  the  tur- 

j/AMl.  rounding  medium,  it  is  well  adapted  to  mea^ 

If  we  call  P  the  cooling  power  of  air  sure  the  calorific  emanations  of  different  sur- 

under  the  pressure  ;>,  this  power  will  become  faces,  successively  converged,  by  a  concavp 

P  (1.366)  under  a  pressure  2  p ;  P  ( 1.366)^  reflector,  upon  one  of  iu  bulbs.     Dr  Howard 

under  a  pressure  4 /) ;  and  under  a  pressure  has  described  in  the  16th  number  of  the 

n                                  n                  p  Journalof  Science,  a  differential  thermometer 

j9  2 ,  it  will  be  P  (1.366) .     Hence  p    "=  of  his  contrivance,  which  he  conceives  to  pos- 

(1/  \0  45  scN  some  advantages.     Its  form  is  an  imita- 

■^)  '     ,     We  shall   find  in  the  same  tion  of  Mr  Leslie's;  but  it  contains  merely 

wav  for  hydroiren.  —  =  (^^V*^.  *>n««^  alcohol,  or  ether,  the  air  being  expeU- 

J          J      e    >  p        \p/  cd  by  ebullition  previous  to  the  hermeticalclo- 

For  carbonic  acid,  the  exponent  will  be  9ure  of  the  instrument    The  vapour  of  ether, 

0.517,  and  for  olefiant  gas  0.501,  while  for  or  of  spirit  in  vacuo,  affords,  he  finds,  a  test 

air,  as  we  see,  it  is  0.45.     These  last  three  x>f  superior  delicacy  to  air.     He  makes  the 
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two  legs  of  different  lengihs ;  since  it  Ib  in 
some  eases  yerj  couTenient  to  have  the  one 
bulb  standing  quite  aloof  from  the  other.  In 
Mr  Leslie's,  when  they  are  on  the  same  level, 
their  distance  asunder  varies  from  j-  of  an 
inch  to  1  or  upwards,  according  to  the  sise 
of  the  instrument.  The  general  length  of  the 
legs  of  the  syphon  is  about  5  or  6  inches. 

His  reflecting  mirrorB,  of  about  14  inches 
diameter,  conusted  of  planished  tin-plate^ 
hammered  into  a  parabolical  form  by  the 
guidance  of  a  curvilinear  gauge.  A  hoUow 
tin  vessel,  6  inches  cube,  was  the  usual 
source  of  calorific  emanation  in  his  experi- 
ments. He  coated  one  of  its  sides  with 
lamp-black,  another  with  paper,  a  third  with 
glass,  and  a  fourth  was  left  bare.  Having 
then  filled  it  with  hot  water,  and  set  it  in  the 
line  of  the  axis,  and  4  or  6  feet  in  front  of  one 
of  the  mirrors,  in  whose  focus  the  bulb  of  a 
differential  thermometer  stood,  he  noted  the 
depression  of  the  coloured  liquid  produced 
on  presenting  the  difll^ent  sides  of  the  cube 
towards  the  mirror  in  succession.  The  foU 
lowing  table  gives  a  general  view  of  the 
results  with  these  and  other  coatings  :•— 
Lamp-black,  -         -         100 

Water  by  estimate,  .         100-f- 

Writing  paper,      -         -  98 

Rosin,  ...  96 

Sealing-wax,  .         -  95 

down  glass,  -         -  90 

China  ink,    ...  88 

Ice,     ...         .  85 

Red  lead,     ...  80 

Plumbago,   ...  75 

Isinglass,      ...  75 

Tarnished  lead,     -         -  45 

Mcfvury,      ...  20-}- 

Oeanlead,  .         -  19       . 

Iron  polished,        .         .  15 

Tii>-p|ate,     ...  12 

Gold,  Silver,  Copper,      -  12 

Similar  results  were  obtained  by  Leslie  and 
Rumford  in  a  simpler  form.  Vessels  of  simi- 
lar shapes  and  capacities,  but  of  different  ma- 
terials, were  filled  with  hot  liquids,  and  their 
rates  of  refrigeration  noted.  A  blackened  tin 
globe  cooled  a  certain  number  of  degrees  in 
81  minutes ;  while  a  bright  one  took  nearly 
double  the  time^  or  156  minutes :  a  naked 
brass  cylinder  in  55  minutes  cooled  ten  de- 
grees, while  its  fellow,  cased  in  linen,  was 
36^  minutes  in  cooling  the  same  quantity. 
If  rapid  motions  be  excited  in  the  air,  the 
difference  of  cooling  between  bright  and 
dark  metallic  surfaces  becomes  less  manifest. 
Mr  Leslie  estimates  the  diminution  of  effect 
from  a  radiating  surface  to  be  directly  as  its 
distance;  so  that  double  the  distance  gives 
one-half,  and  treble  one-third  of  the  primi-  . 
tive  heating  impression  on  thermometers  and  . 
other  bodies.  Some  of  his  experiments  do 
not  seem  in  accordance  with  thb  simple  law. 
One  would  have  expected  certainly,  that,  like 


Ugfat,  electricity,  and  other  qualities  emanai- 
ing  from  a  centre^  its  diminution  of  intensity 
would  have  been  as  the  square  of  the  dis- 
tance ;  and  particularly  as  Mr  Leslie  found 
the  usual  analogy  of  the  sine  of  indination 
to  hold,  in  presenting  the  fbces  of  the  cube 
to  the  plane  of  the  mirror  under  different 
angles  of  obliquity. 

Some  prsctical  lessons  flow  from  the  pre- 
ceding results.  Since  bright  metals  project 
heat  most  feebly,  vessels  which  are  intended 
to  retain  their  heat,  as  tea  and  coffee-pots, 
should  be  made  of  bright  and  polished  metals. 
Steam  pipes  intended  to  convey  beat  to  a  dis- 
tant  apartment,  should  be  likewise  bright  in 
their  course,  but  darkened  when  they  reach 
their  destination. 

By  coating  the  bulb  of  his  thermometer 
with  different  substances,  Mr  Leslie  inge- 
niously discovered  the  power  of  different  sur- 
faces to  absorb  heat ;  and  he  found  this  to 
follow  the  same  order  as  the  radiating  or 
projecting  quality.  The  same  film  of  iSver 
leaf  which  obstructs  the  egress  of  heat  from 
a  body  to  those  surrounding  it,  prevents  it 
from  receiring  their  calorific  emanations  in 
return.  On  this  principle  we  can  under, 
stand,  how  a  metalUc  mirror,  placed  before  a 
fire,  should  scorch  substances  in  its  focus, 
while  itself  remains  odd ;  and,  on  the  other 
hand,  how  a  mirror  of  darkened,  or  even  of 
silvered  glass,  should  become  intolerably  hot 
to  the  touch,  while  it  throws  little  heat  before 
it  From  this  absorbent  faculty  it  comes, 
that  a  thin  pane  of  glass  intercepts  almost 
the  whole  heat  of  a  biasing  fire,  while  the 
light  is  scarcely  diminished  across  it.  By 
degrees  indeed,  itself,  becoming  heated,  con-^ 
stitutes  a  new  focus  of  emanation,  but  still 
the  energy  of  the  fire  is  greatly  interrupted. 
Hence  also  we  see  why  the  thinnest  sheet  of 
bright  tin-foil  is  a  perfect  fire-screen ;  so  im- 
pervious indeed  to  heat,  that  with  a  masque 
coated  with  it,  our  (ace  may  encounter  vrith. 
out  inconvenience  the  blase  of  a  glass-house 
furnace. 

Since  absorption  of  heat  goes  hand  in  hand 
with  radiation  in  the  above  table,  we  perceive 
that  the  inverse  of  absorption,  that  is  reflec. 
tion,  must  be  possessed  in  inverse  powers  by 
the  difierent  substances  composing  the  list. 
Thus  bright  metals  reflect  most  heat,  and  so 
on  upwards  in  succession. 

Mr  Leslie  is  anxious  to  prove  that  elastic 
fluids,  by  their  pulsatory  undulations,  are  the 
niitdia  of  the  projection  or  radiation  of  heat; 
and  that  therefore  liquids,  as  well  as  a  perfect 
vacuum,  should  obstruct  the  operation  of  this 
ftculty.  The  laws  of  the  cooling  of  bodies  in 
vaevot  experimentally  established  by  MM. 
Dulong  and  Petit,  are  fatal  to  Mr  Leslie's 
hypothesis,  which  indeed  was  not  tenable 
against  the  numerous  objections  which  had 
previously  assailed  iL  "Die  following  beau, 
tiful  experiment  of  Sir  H.  Davy  seems  alone 
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to  settle  the  question.     He  bad  an  appiiratus 
made,  by  which  platina  wire  could  be  heated 
in  any  elastic  medium,  or  in  vacuoj  and  by 
which  the  effects  of  radiation  could  be  dis- 
tinctly exhibited  by  two  mirrors,   the  beat 
being  excited  by  a  voltaic  batter}'.     In  seve- 
ral experiments,  in  which  the  same  powers 
were  employed  to  produce  the  ignition,  it 
was  found  that  the  temperature  of  a  thermo- 
meter rose  nearly  three  times  as  much  in  the 
focus  o£  radiation,  when  the  air  in  the  re- 
ceiver was  exhaust^  to  t7?>  *^  when  it 
was  in   its  natural  state  of  condensation. 
Tbe  cooling  power,  by  contact  of  the  rarefied 
air,  was  much  less  than  that  of  the  air  in  its 
common  state,  for  the  glow  of  the  platina 
was  more  intense  in  the  first  case  than  in  the 
last ;  and  this  circumstance  perhaps  renders 
the  experiment  not  altogether  decisive ;  but 
the  results  seem  favourable  to  the  idea,  that 
the  terrestrial  radiation  of  beat  is  not  depen- 
dent upon  any  motions  or  aflfecdons  of  the 
atmosphere.     The  plane  of  tbe  two  mirrors 
was  placed  parallel  to  tbe  horizon,  the  ig- 
nited body  being  in  the  focus  of  the  upper, 
and  the  thermometer  in  that  of  tbe  under 
mirror.      It  is  evident,  that  a   diminished 
density  of  the  elastic  medium,  amounting  to 
■YT^f  should,  on  Mr  Leslie's  views,  have  oc- 
casioned a  greatly  diminished  temperature  in 
the  inferior  focus,  and  not  a  tfarerfold  in^ 
crease,  as  happened ;  making  every  allow- 
ance for  the  diminished  intensity  <^  glow 
resulting  from  the  cooling  power  of  atmos- 
pheric air.  '  Tbe  experiments  with  screens  of 
glass,  paper,  &c.  which  Mr  Leslie  adduced 
in  support  of  his  undulatory  hypothesis,  have 
been  since  confronted  with  the  experiments 
on  screens  of  Dr  Delaroche,  who,  by  varying 
ihem,  obtained  results  incompatible  with  Mr 
Leslie's  views,  and  favourable  to  those  on 
the  intimate  connexion  between   light  and 
heat,  with  which  our  account  of  heat  was 
prefaced.     He  shows,  that  invisible  radiant 
heat,  in  some  circumstances,  passes  directly 
through  glass,  in  a  quantity  so  much  greater 
relative  to  the  whole  radiation,  as  the  tempe- 
rature of  the  source  of  heat  is  more  elevated. 
The  following  table  shews  the  ratio  between 
tbe  rays  passing  through  clear  glass,  and  the 
rays  acting  on  the  thermometer  when  no 
'screen  was  interposed,  at  successive  tempe- 
ratures. 


Tempemture 

of  the  hot  body 

in  the  focus. 


Rajrs  transmit- 
ted tlirough  the 
glass  screen. 


3570  lO^ 

655  10 

800  10 

1760  10 
Argand's  lamp  without 

its  chimney,  10 
Ditto,  with  glass  chim- 
ney, 10 


Total 
Kays. 

263° 

139 

75 

34 

29 

18 


He  next  shows,  that  the  calorific  rays  which 
have  already  passed  through  a  screen  of  glass, 
experience,  in  passing  through  a  second  glass 
screen  of  a  similar  nature,  a  much  smaller 
diminution  of  their  intensity  than  they  did  in 
passing  through  the  first  screen ;  and  that  the 
rays  emitted  by  a  hot  body  differ  from  each 
other  in  their  fiiculty  to  pass  through  glass  : 
that  a  thick  glass,  though  as  much  as,  or  more 
permeable  to  light,  than  a  thin  glass  of  worse 
quality,  allows  a  much  smaller  quantity  of 
radiant  heat  to  pass,  the  difference  being  so 
much  the  less  the  higher  tbe  temperature  of 
the  radiating  source.  This  curious  fact,  that 
radiating  heat  becomes  more  and  more  capable 
of  penetrating  glass  as  the  temperature  in- 
creases, till  at  a  certain  temperature  the  rays 
become  luminous,  leads  to  the  notion  that  heat 
is  nothing  else  than  a  modification  of  lights  or 
that  the  two  substances  are  capable  of  passing 
into  each  other.  Dr  Delaroche's  last  propo- 
sition is,  that  the  quantity  of  heat  which  a 
hot  body  yields  in  a  given  time  by  radiation 
to  a  cold  body  situated  at  a  distance,  increases 
cateris  paribus  in  a  greater  ratio  than  the  ex- 
cess of  temperature  of  the  first  body  above 
the  second. 

For  some  additional  facts  on  radiation,  see 
Li(iHT,  to  which  subject,  indeed,  the  whole 
discussion  probably  belongs. 

Even  ice  at  32^,  which  appean  so  cold  to 
the  organs  of  touch,  would  become  a  focus 
of  heat  if  transported  into  a  chamber  where 
the  temperature  of  the  air  was  at  0°  F. ;  and 
a  mass  of  melting  ice  placed  before  the  mir- 
ror, would  affect  the  bulb  of  the  thermometer 
just  as  the  cube  of  heated  water  did.  A  mix- 
ture of  snow  and  salt  at  0°,  would  in  like  man- 
ner become  a  warm  body  when  carried  into 
an  atmosphere  at  —40*^.  In  all  this,  as  well 
as  in  our  sensations,  we  see  notliing  absolute^ 
nothing  but  mere  differences.  We  are  thus 
led  to  consider  all  bodies  as  projecting  heat 
at  every  temperature,  but  with  unequal  in- 
tensities, acccording  to  their  nature,  their 
surfaces,  and  their  temperature.  The  con- 
stancy or  steadiness  of  the  temperature  of  a 
body,  vrill  consist  in  the  equality  of  the  quan- 
tities of  radiating  caloric  which  it  emits  and 
receives  in  an  equal  time;  and  the  equality 
of  temperature  between  several  bodies  which 
influence  one  another  by  their  mutual  radi- 
ation, vrill  consist  in  the  perfect  compensation 
of  the  momentary  interchanges  effected  among 
one  and  all.  Such  is  the  ingenious  principle 
of  a  moveable  equilibrium,  proposed  by  Pro- 
fessor Prevost ;  a  principle  whose  application, 
directed  with  discretion,  and  com^ned  with 
the  properties  peculiar  to  different  surfaces, 
explains  all  the  phenomena  which  we  ob- 
serve in  the  distribution  of  radiating  caloric. 
Thus,  when  we  put  a  ball  of  snow  in  the  fo- 
cus of  one  concave  mirror,  and  a  thermo- 
meter in  that  of  an  opposite  mirror  placed  at 
some  distance,  we  perceive  the  temperature 
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to  ftU,  as  if  there  were  a  real  radi-  extend  to  60  or  70  milleaiiiuil  degrees  above 

ation  of  frigorific  particles,  according  to  the  the  zero,  and  about  15  degrees  below  it 

ancient  notion.     The  true  explanation  is  de-  This  instrument,  exposed  to  the  open  air 

rived  from  the  abstraction  of  that  return  of  in  clear  weather,  will  at  all  times,  both  dur- 

heat  which  the  thermoscope  mirror  had  pre-  ing  the  day  and  the  night,  "  indicate  an  im- 

▼iously  derived  from  the  one  now  influenced  pression  of  cold  shot  downward  from  the 

by  the  snow,  and  now  participating  in  its  in-  higher  r^ons,**  in  the  figurative  language 

ferior  radiating  tension.     Thus,  also,  a  black  of  Mr  Leslie.     Yet  the  eifect  varies  exceed- 

body  placed  in  the  focus  of  one  mirror,  would  ingly.     It  is  greatest  while  the  sky  has  the 

diminish  the  light  in  the  focus  of  the  other ;  pure  azure  hue ;  it  diminishes  fast  as  the  at- 

and,  as  Sir  H.  Davy  happily  remarks,  the  eye  mospbere  becomes  loaded   with   spreading 

is,  to  the  rays  producing  light,  a  measuret  clouds ;  and  it  is  almost  extinguished  when 

similar  to  that  which  the  thermometer  is  to  low  fogs  settle  on  the  surface.    The  liquid  in 

rays  producing  heat  the  stem  falls  and  rises  with  every  passing 

Tbis  interchange  of  heat  is  finally  exempli-  cloud.  Dr  Howard's  modification  of  the 
fied  in  the  relation  which  subsists  between  thermoscope  would  answer  well  here, 
any  portion  of  the  sky  and  the  temperature  The  diffusion  of  heat  among  the  particles 
of  the  subjacent  surface  of  the  earth.  In  the  of  fluids  themtelve$t  depends  upon  tlieir  spo- 
year  i788»  Mr  Six  of  Canterbury  mention-  cific  gravity  and  specific  heat  conjunctly^ 
ed,  in  a  paper  transmitted  to  the  Royal  So-  and  therefore  must  vary  for  each  particular 
ciety,  that  on  clear  and  dewy  nights  he  al-  substance.  The  mobility  of  the  particles  in 
ways  found  the  mercury  lower  in  a  ihermo-  a  fluid,  and  their  redproosl  independence  on 
meter  laid  upon  the  ground,  in  a  meadow  in  one  another,  permit  them  to  change  their 
his  neighbourhood,  than  it  was  in  a  similar  places  whenever  they  are  expanded  or  con- 
thermometer  suspended  in  the  air  six  feet  tracted  by  alternations  of  temperature ;  and 
above  the  former ;  and  that  upon  one  uigfat  hence  the  immediate  and  inevitable  effect  of 
the  difference  amounted  to  5^  of  Fahrenheit's  communicating  heat  to  the  under  stratum  of 
scale.  And  Dr  Wells,  in  autumn  181 1,  on  a  fluid  mass,  or  of  abstracting  it  from  the  up- 
laying  a  thermometer  upon  grass  wet  with  per  stratum,  is  to  determine  a  series  of  intes- 
dew,  and  suspending  a  second  in  the  air  two  tine  movements.  Hie  colder  particles,  by 
feet  above  the  surfitce,  found  in  an  hour  their  superior  density,  descend  in  a  perpetuid 
afterwards  that  the  former  stood  8^  lower  current,  and  force  upwards  those  rarefied  by 
than  the  latter.  He  at  first  regarded  tliis  the  heat  Wlien,  however,  the  upper  stra- 
ooklness  of  the  surface  to  be  the  effect  of  the  tum  primarily  acquires  an  elevated  tempera- 
evaporation  of  the  moisture ;  but  subsequent  ture^  it  seems  to  have  Cttle  power  of  impart- 
observations  and  experiments  convinced  him,  ing  heat  to  the  subjacent  strata  of  fluid  par'> 
that  the  cold  was  not  the  effect  but  the  cotcas  tides.  Water  may  be  kept  long  in  ebulli- 
of  deposition  of  dew.  Under  a  cloudless  sky,  tion  at  the  surface  of  a  vessel,  while  the 
the  earth  projects  its  heat,  witiiout  return,  bottom  remains  ice  cold^  provided  we  take 
into  empty  space ;  but  a  canopy  of  cloud  is  measures  to  prevent  the  heat  passing  down- 
a  concave  mirror,  which  restores  tlie  equili-  wards  through  the  sides  of  the  vessel  itself. 
brium  by  counter-radiation.     See  Dew.  Count  Rumford  became  so  strongly  persuad- 

On  this  principle  "Dt  WoUaston  suggested  ed  of  the  impossibility  of  communicating 

theconstnictioo  of  a  pretty  instrument,  which  heat  downwards  through  fluid  particles,  that 

Professor  Leslie  has  called  an  ^thrioscope,  he  regarded  them  as  utterly  destitute  of  the 

whose  function  it  is  to  denote  the  clearness  faculty  of  transmitting  that  power  from  one 

and  coolness  of  the  sky.     It  consists  of  a  po-  to  another,  and  capable  of  acquiring  heat 

lished  metallic  cup,  of  an  oblong  spheroidal  only  in  individual  rotation,  and  directly  from 

shape,  very  like  a  silver  porter-cup,  standing  a  foreign  source.     The  proposition  thus  ab- 

upright,  with  the  bulb  of  a  differential  ther-  solutely  announced  is  absurd,  for  we  know 

mometer  placed  in  its  axis,  and  the  stem  that  by  intermixture,  and  many  other  modest 

lying  parallel  to  the  stalk  of  the  cup.     The  fluid  particles  impart  heat  to  each  other ;  and 

other  ball  is  gilt,  and  turned  outwards  and  experiments    have   been    instituted,    which 

upwards,  so  as  to  rest  against  the  side  of  the  prove  the  actual  descent  of  heat  through 

vessel.     The  best  form  of  the  cup  is  an  el-  fluids  by  communication  from  one  stratum 

lipsoid,  whose  eccentricity  is  equal  to  half  the  to  another.     But  unquestionably  this  com- 

tranverse  axis,  and  the  focus  consequently  munication  is  amazingly  diflScult  and  slow, 

placed  at  the  third  part  of  the  whole  height  We  are  hence  led  to  conceive,  that  it  is  an 

of  the  cavity ;    while  the  diameter  of  the  actual  contact  of  particles  which  in  the  solid 

thermoscope  ball  should  be  nearly  the  third  condition  facilitates  the  transmission  of  heat 

part  of  the  orifice  of  the  cup.     A  lid  of  the  so  speedily  from  point  to  point  through  their 

same  thin  metal  unpolished,  is  fitted  to  the  mass.     Tliis  contact  of  certain  poles  in  the 

mouth  of  the  cup,  and  removed  only  when  molecules,  is  perfectly  consistent  with  void 

an  observation  is  to  be  made.     Tlie  scale  at-  spaces,  in  which  these  molecules  may  slide 

tached  to  the  stem  of  the  thermoscope^  may  over  each  other  in  every  direction ;  by  which 


CALORIC. 


202 


CALORIC. 


morementg  or  oondensatioiis  heat  may  be  ex- 
cited. The  fluid  condition  revertt  or  averts 
the  touching  and  cohering  poles,  whence 
mobility  results.  Tliis  statement  may  be 
viewed  either  as  a  representation  of  facts,  or 
an  hypothesis  to  aid  conception. 

Since  the  diflTusion  of  heat  through  a  fluid 
mass  is  accomplished  almost  solely  by  the 
intestine  currents,  whatever  obstructs  these 
must  obstruct  the  change  of  temperature. 
Hence  fluids  intermingled  with  porous  mat- 
ter, such  as  silk,  wool,  cotton,  downs,  fur, 
hair,  starch,  mucilage,  &c.  are  more  slowly 
cooled  than  in  their  pure  and  limpid  state. 
Hence  apple-tarts  and  pottages  retain  their 
heat  Tery  long,  in  comparison  of  the  same 
bulk  of  water  heated  to  the  same  degree,  and 
exposed  in  similar  covered  vessels  to  the  cool 
air.  Of  the  conducting  power  of  gaseous 
bodies,  we  have  already  taken  a  view.  I 
know  of  no  experiments  which  have  satis- 
factorily determined  in  numbers  the  relative 
conducting  power  of  liquids.  Mercury  for 
a  liquid  possesses  a  high  conducting  faculty, 
due  to  its  density  and  metallic  nature,  and 
small  specific  heat. 

The  transmission  of  heat  through  solids 
was  made  the  sutject  of  some  pleasing  popu- 
lar experiments  by  Dr  Ingenhauss.  He 
took  a  number  of  metallic  rods  of  the  same 
length  and  thickness,  and  having  coated  one 
of  the  ends  of  them  for  a  few  inches  with 
bees*  wax,  he  plunged  their  other  ends  into 
A  heated  liquid.  The  heat  travelled  onwards 
along  the  matter  of  each  rod,  and  soon  be- 
came manifest  by  the  softening  of  the  wax. 
Tlie  following  is  the  order  in  which  the  wax 
melted ;  and  according  to  that  experiment, 
therefore,  the  order  of  conducting  power  re- 
lative to  heat. 

1.  Silver. 

2.  Gold. 

I.  ^ST' }  "^''ly  «!«•*• 

Platinum,'! 

Iron,         I  much  inferior  to 
Steel,         (the  others. 
Lead,        3 
Despretz  has  ascertained,  by  exact  experi- 
ments, that  the  relative  eonductiog  faculty 
of  the  following  solid  bodies  for  heat,  may 
be  expressed  by  the  numbers  annexed  to  each 
of  them. 

Gold,        -  -  10000 

Silver,  -  -         9730 

Copper,      -  -  8980 

Platinum,        -  -        3810 

Iron,        -  ,  -     37i3 

Zinc,  -  -  3630 

Tin,        .  -  .     3039 

Lead,  -  -  1796 

Marble,     -  -  -       236 

Porcebdn,        -  .  122 

Clay,        -  -         -         114 

Dense  stones  follow  metals  in  conducting 


power,  then  bricks,  pottery,  and,  at  a  long 
interval,  glass.     A  rod  of  this  singular  body 
may  be  held  in  the  fingers  for  a  long  time, 
at  a  distance  of  an  inch  from  where  it  is 
ignited  and  fused  by  the  blowpipe.     It  is 
owing  to  the  inferior  conducting  power  of 
stone,  pottery,  glass,  and  cast-iron,  that  the 
sudden  application  of  heat  so  readily  cracks 
them.      The  part  acted  on  by  the  caloric 
expands,  while  the  adjacent  parts,  retaining 
their  pristine  form  and  volume^  do  not  ac- 
commodate themselves  to  the  change ;  whence 
M  fissure  must'  necessarily  ensue.    Woods  and 
bones  are  better  conductors  than  glass ;  but 
the  progress  of  heat  in  them  at  elevated  tem- 
peratures, may  be  aided  by  the  viqiorixation 
of  their  juices.     Charcoal  and  saw-dust  rank 
very  low  in  conducting  power.     Hence  the 
former  is  admirably  fitted  for  arresting  the 
dispersion  of  heat  in  metal  furnaces.     If  the 
sides  of  these  be  formed  of  double  plates, 
with  an  interval  between  them  of  an  inch 
filled  with  pounded  charcoal,  an  intense  heat 
may  exist  within,  wlule  the  outside  is  scarce- 
ly affected.    Morveau  has  rated  the  conduct- 
ing power  of  diarcoal  to  that  of  fine  sand  aa 
2  to  3,  a  different^  much  too  smalL  Spongy 
organic  substances,  silk,  wool,  cotton,  &c. 
are  still  worse  conductors  than  any  of  the 
above  substances;  and  the  finer  the  fibres, 
the  less  conducting  power  they  possess.  The 
theory  of  clothing  depends  on  this  principle. 
The  heat  generated  by  the  animal  powers,  is 
accumulated  round  the  body  by  the  imper- 
fect conductors  of  which  clothing  is  com- 
.posed. 

To  discover  the  exact  law  of  the  distribu- 
tion of  heat  in  solids,  let  us  take  a  prismatic 
bar  of  iron,  three  feet  long,  and  with  a  drill 
form  three  carities  in  one  of  it&  sides,  at  10, 
20,  and  30  inches  from  its  end ;  each  cavity 
capable  of  receiving  a  little  mercury,  and  the 
small  bulb  of  a  delicate  thermometer.  Cut 
a  hole,  fitting  exactly  the  prismatic  bar,  in  the 
middle  of  a  sheet  of  tin-plate,  which  is  then 
to  be  fixed  to  the  bar,  to  screen  it  and  the 
thermometers  from  the  focus  of  heat  Im- 
merse tlie  extremity  of  the  bar  obliquely  into 
oil  or  mercury  heated  to  any  known  degree, 
and  place  the  thermometers  in  their  cavities 
surrounded  with  a  little  mercury.  Or  the 
bar  may  be  kept  horizontal,  if  an  inch  or  two 
at  its  end  be  incurvated,  at  right  angles  to  its 
length.  Call  the  thermometers  A«  B,  C 
Were  there  no  dissipation  of  the  heat,  each 
thermometer  would  continue  to  mount  till  it 
attained  the  temperature  of  the  source  of  heat. 
But,  in  actual  experiments,  projection  and 
aerial  currents  modify  that  result,  making  the 
thermometers  rise  more  slowly,  and  prevent- 
ing them  from  ever  reaching  the  temperature 
of  die  end  of  the  bar.  Their  state  becomes 
indeed  stationary  whenever  the  excess  of  tem- 
perature, each  instant  communicated  by  the 
preceding  section  bf  tlic  bar,  merely  coropen- 
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what  tiiey  lose  by  the  contact  of  the 
sacceeding  aectum  of  the  bar,  and  the  other 
outleli  of  beaL  Hie  three  thermometerB  now 
indicate  three  steady  temperatures,  but  in 
diminishing  tiiognissiom  In  forming  an  equa- 
tion from  the  eiperimental  results,  M.  La- 
phioe  has  shown,  that  the  difficulties  of  the 
calculation  can  be  removed  only  by  admit- 
ting that  a  determinate  point  is  influenced, 
not  only  by  those  points  which  touch  it,  but 
by  others  at  a  small  distance  before  and  be- 
hind it  Ihen  the  laws  of  homogeneity,  to 
which  differentials  are  subject,  are  re-esta- 
blished, and  all  the  rules  of  the  differential 
oalculns  are  obsenred.  Now,  in  order  that 
tlie  calorific  influence  may  thus  extend  to  a 
distance  in  the  interior  of  the  bar,  there  must 
operate  through  the  very  substance  of  the 
solid  elements  a  true  racUation,  analogous  to 
that  obsenred  in  the  air,  but  whose  sensible 
iaflueBce  is  bounded  to  distances  incompan- 
bly  smaller.  This  result  is  in  no  respect  im^ 
profaablew  In  fact,  Newton  has  taught  us, 
that  all  bodies,  even  the  most  opaque^  be- 
come transparent  when  rendered  suflidoitly 
thin ;  and  the  most  exact  researches  on  ra- 
diating caloric  prove,  that  it  does  not  eman- 
ate solely  from  the  external  surface  of  bodies, 
but  also  frtmi  material  particles  situated  with- 
in this  surface,  becoming  no  doubt  insensible 
at  a  vary  slight  depth,  which  probably  varies 
in  the  same  body  with  its  temperature. 

MM.  Biot,  Fourier,  and  Poisson,  three  of 
the  most  eminent  mathematicians  and  philo- 
sophers of  the  age,  have  distinguished  them- 
selves in  this  abmise  investigation.  The  fol- 
lowing is  the  formula  of  M.  Biot,  when  one 
end  of  the  bar  is  maintained  at  a  constant 
temperature,  and  the  other  is  so  remote  as  to 
make  the  influence  of  the  source  insensible. 
Let  y  represent,  in  degrees  of  the  thenno- 
meter,  the  temperature  of  the  air  by  which 
the  bar  is  sunrounded ;  let  the  temperature 
of  the  focus  be  y  -}-  Y ;  then  the  integral 
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becomes,  log.  y  as  log.  Y  —    _ 

X  is  the  distance  from  the  hot  end  of  the  bar, 
a  and  b  are  two  coefficients,  supposed  constant 
ibr  the  whole  length  of  the  bar,  which  serve 
to  accomodate  the  formula  to  every  possible 
case,  and  which  must  be  assigned  in  each  case, 
agreeably  to  two  observations.  M  is  the  mo- 
dulus of  the  ordinary  logarithmic  tables,  or 
the  number  2.302585.  M.  Biot  presents 
several  tables  of  observations,  in  which  some- 
times 8,  and  sometimes  14  thermometers, 
were  applied  all  at  once  to  successive  points 
of  the  bar;  and  then  he  computes,  by  the 
above  formula,  what  ought  to  be  tlie  tempera- 
ture of  these  successive  points,  having  given 
the  temperature  of  the  source ;  and  vice  verta, 
what  should  be  the  temperature  of  the  source, 
from  the  indications  of  the  thermometers.  A 
perfect  accordance  is  shown  to  exist  between 
frict  and  theory.  Whence  we  may  regard  the 
view  opened  up  by  the  latter,  as  a  true  repre- 


sentation of  the  condition  of  the  bar.  With 
regard  to  the  application  of  this  theorem  to 
discover,  for  example,  the  temperature  of  a 
furnace,  by  thrusting  the  end  of  a  thermo- 
soopic  iron  bar  into  it,  we  must  regret  its  in- 
sufficiency. M.  Biot  himself,  after  showing 
its  exact  coincidence  at  all  temperatures,  up  to 
that  of  melting  lead,  declares  that  it  ought  not 
to  apply  at  high  heats.  But  I  see  no  diffi- 
culty in  making  a  very  useful  instrument  of 
this  kind,  by  etperimetU,  to  give  very  valuable 
pyrometrical  indications,  llie  end  of  the  bar 
which  is  to  be  exposed  to  the  heat,  being 
coated  with  fire-clay,  or  sheathed  with  pla- 
tinum, should  be  inserted  a  few  inches  into 
the  flame,  and  drops  of  oil  being  put  into 
three  successive  carities  of  the  bar,  we  should 
measure  the  temperatures  of  the  oil  when 
they  have  become  stationary,  and  note  the  time 
elapsed  to  produce  this  effect.  A  pyroscope 
of  this  kind  could  not  fail  to  give  useful  in- 
fimnation  to  the  practical  chemist,  as  well  as 
to  manufrcturers  of  glass,  pottery,  steel,  &c 
2.  Oftpeci/le  heai.  If  we  take  equal  weights, 
or  equal  bulks,  of  a  series  of  substances ;  for 
example,  a  pound  or  a  pint  of  water,  oil,  al- 
cohol, mercury,  and  baring  heated  each  sepa- 
nUely  in  a  thin  vessel  to  the  same  tempera- 
ture^ say  to  80^  or  ICXP  Fahr.  from  an  atmo^ 
spherical  temperature  of  60<*,  then,  in  the  sub- 
sequent cooling  of  these  four  bodies  to  their 
former  state,  Uiey  will  communicate  to  sur- 
rounding media  very  different  quantities  of 
heat.  And  conversely,  the  quantity  of  heat 
requisite  to  raise  the  temperature  of  equal 
masses  of  different  bodies  an  equal  number 
of  thermometric  degrees,  is  difierent,  but  spe- 
cific for  each  body.  There  is  another  point 
of  view  in  which  specific  heats  of  bodies  may 
be  conridered,  relative  to  their  change  of  form 
from  gaseous  to  liquid,  and  from  liquid  to 
solid.  Tlius  the  steam  of  water  at  212^,  in 
becoming  a  liquid,  does  not  change  its  ther- 
mometric temperature  212^,  yet  it  commu- 
nicates, by  this  change,  a  vast  quantity  of 
heat  to  surrounding  bodies ;  and  in  like  man- 
ner, liquid  water  at  32^,  in  becoming  the  so- 
lid called  ice,  does  not  change  its  temperature 
as  measured  by  a  thermometer,  yet  it  imparts 
much  beat  to  surrounding  matter.  We  there- 
fore divide  the  study  of  specific  heats  into  two 
branches;  1.  The  specific  heats  of  bodies  while 
they  retain  the  same  state ;  and  2.  The  spe- 
cific heats  connected  with,  or  developed  by, 
change  of  state.  The  first  has  been  common- 
ly called  the  capacities  of  bodies  for  caloric ; 
the  second,  the  latent  heat  of  bodies.  Hie 
latter  we  shall  consider  after  change  of  state* 

1.  Of  the  specific  heats  of  bodies,  while 
they  experience  no  change  of  state. 

Three  distinct  experimental  modes  have 
been  employed  to  determine  the  specific  heats 
of  bodies ;  in  the  whole  of  which  modes,  that 
of  water  has  been  adopted  for  the  standard  of 
comparison  or  unity.  1.  In  the  first  mode, 
a  given  weight  or  bulk  of  tlie  body  to  be  exa- 
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mined,  being  heated  to  a  certain  point,  is 
suddenly  mixed  with  a  given  weight  or  bulk 
of  another  body,  at  a  different  temperature ; 
and  the  resulting  temperature  of  the  mixture 
shows  the  relation  between  their  specific  heats. 
Hence,  if  the  second  body  be  water,  or  any 
other  substance  whose  relation  to  water  is  as- 
certained, the  relative  heat  of  the  first  to  that 
of  water  will  be  known.  It  is  an  essential 
precaution,  in  using  this  mode,  to  avoid  all 
such  chemical  action  as  happens  in  mixing 
water  with  alcohol  or  acids.  Let  us  take  oil 
for  an  example.  If  a  pound  of  it,  at  9(P 
Fahr.,  be  mixed  with  a  pound  of  water  at 
60°,  the  resulting  temperature  will  not  be  the 
mean  75®,  but  only  70°.  And  conversely, 
if  we  mix  a  pound  of  water  heated  to  90°, 
with  a  pound  of  oil  at  60°,  the  temperature 
of  the  mixture  will  be  80°.  We  see  here, 
that  the  water  in  the  first  case  acquired  10°) 
while  the  oil  lost  20°;  and,  in  the  second 
case,  that  the  water  lost  10°,  while  the  oil 
gained  20°.  Hence  we  say,  that  the  spedfio 
heat  of  water  is  double  to  that  of  oil,  or  that 
the  same  quantity  or  intensity  of  heat  which 
will  change  the  temperature  of  oil  20°,  will 
change  that  of  water  only  10° ;  and,  there- 
fore, if  the  specific  heat,  or  capacity  for  heat, 
of  water  be  called  1.000,  that  of  oil  will  be 
0.500.  When  the  experiment  has  been,  from 
particular  circumstances,  made  with  unequal 
weights,  the  obvious  arithmetical  reduction, 
for  the  difference,  must  be  made.  This  is 
the  original  method  of  Black,  Irvine,  and 
Crawford. 

The  second  mode  is  in  some  respecta  a ' 
modification  of  the  first  Hie  heated  mass 
of  the  matter  to  be  investigated,  is  so  sur- 
rounded by  a  large  quantity  of  the  standard 
substance  at  an  inferior  temperature,  that  the 
whole  heat  evolved  by  the  first,  in  cooling,  is 
received  by  the  second.  We  may  refer  to 
this  mode,  1st,  Wilcke*s  practice  of  suspend- 
ing a  lump  of  heated  metal  in  the  centre  of 
a  mass  of  cold  water  contained  in  a  tin  ves- 
sel ;  2d,  The  plan  of  Lavoisier  and  Laplace, 
in  which  a  heated  mass  of  matter  was  placed, 
by  means  of  their  elegant  CALORiMETEa,  in 
the  centre  of  a  shell  of  ice;  and  the  specific 
heat  was  inferred  from  the  quantity  of  ice 
that  was  liquefied ;  and,  3d,  The  method  of 
Berard  and  Delaroche,  in  which  gaseous  mat- 
ter, heated  to  a  known  temperature,  was  made 
to  traverse,  slowly  and  uniformly,  the  convo- 
lutions of  a  spiral  pipe,  fixed  in  a  cylinder  of 
cool  water,  till  this  water  rose  to  a  stationary 
temperature;  when,  "  reckoning  from  this 
point,  tlie  excess  of  the  temperature  of  the 
cylinder  above  that  of  the  ambient  air,  be- 
comes proportional  to  the  quantity  of  heat 
given  out  by  tlie  current  of  gas  that  passed 
through  the  cylinder."  Each  gas  was  de- 
finitely heated,  by  being  passed  through  a 
straight  narrow  tube,  pl«:ed  in  the  axis  of  a 
large  tube  filled  with  the  steam  of  boiling 
water.     The  specific  heats  were  then  com- 


pared to  water  by  two  methods.  The  first* 
consista  in  subjecting  the  cylinder,  which  they 
call  the  calorimeter,  to  the  action  of  a  current 
of  water  perfectly  regular,  and  so  slow,  that 
it  will  hudly  produce  a  greater  effect  than 
the  current  of  the  different  gases.  The  se- 
cond method  consbta  in  determining,  by  cal- 
culation, the  real  quantity  of  heat  which  the 
calorimeter,  come  to  ite  stationary  tempera- 
ture, can  lose  in  a  given  time ;  for  since,  after 
it  reaches  this  point,  it  does  not  become  hot- 
ter, though  the  source  of  heat  continues  to 
be  applied  to  it,  it  is  evident  that  it  loses  as 
much  heat  as  it  receives.  MM.  Berard  and 
Delaroche  employed  these  two  methods  in 
succession.  FVom  the  singular  ingenuity  of 
their  apparatus,  and  precision  of  their  obser- 
vations, we  may  r^ard  their  determinatioiis 
as  deserving  a  degree  of  confidence  to  wbidi 
the  previous  resulte,  on  the  specific  heat  of 
the  gases,  are  not  at  all  entitled.  They  have 
completely  overturned  the  hypothetical  struc- 
tures of  Black,  Lavoisier,  and  Crawford,  on 
the  heat  developed  in  combustion  and  respira- 
tion, while  they  give  great  countenance  to  the 
profound  views  of  Sir  H.  Davy.  See  COM- 
BUffnON,  and  Appendix. 

The  third  method  of  determining  the  spe- 
cific heats  of  bodies,  is  by  raising  a  given 
mass  to  a  certain  temperature,  suspending  it 
in  a  uniform  cool  medium,  till  it  descends 
through  a  certun  number  of  thermometric 
degrees,  and  carefully  noting  by  a  wateh  the 
time  elapsed.  It  is  evident,  that  if  the  bodies 
be  invested  with  the  same  coating,  for  in- 
stance, glass  or  burnished  metals ;  if  they  be 
suspended  in  the  same  medium,  with  the 
same  excess  of  temperature ;  and  if  their  in- 
terior constitution  relative  to  the  conduction 
of  heat  be  also  the  same,— 4ben  their  specific 
heata  will  be  directly  as  the  times  of  cooling. 
I  have  tried  this  method,  and  find  that  it 
readily  gives,  in  common  cases,  good  ap- 
proximations. Some  of  my  resulte  were  pub- 
lished in  the  Annals  of  Phil,  for  October 
1817,  on  water,  sulphuric  add,  spermaceti 
oil,  and  oil  of  turpentine.  "  A  thin  glasa 
globe,  capable  of  holding  1800  grains  of  wa- 
ter, was  successively  filled  with  this  liquid, 
and  with  the  others;  and  being  in  each  case 
heated  to  the  same  degree,  was  suspended, 
with  a  delicate  thermometer  immersed  in  it, 
in  a  large  room  of  uniform  temperature. 
The  comparative  times  of  cooling,  through 
an  equal  range  of  the  thermometric  scale, 
were  carefully  noted  by  a  wateh  in  eadi 
case.**  I'he  difference  of  mobility  in  the  li- 
quid particles  may  be  regarded  as  very  trif- 
ling at  temperatures  from  100°  to  200°.  At 
inferior  temperatures,  under  80°  for  example, 
oil  of  vitriol,  as  well  as  spermaceti  oil,  be- 
coming viscid,  would  introduce  erroneous 
results. 

Another  mode  has  been  lately  practised 
with  the  utmost  scientific  refinement  by  MM. 
Dulong  and  Petit    Their  experiments  were 
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Bude  on  metab  reduced  to  fine  filings,  ttrong- 
ly  inressed  into  a  cylindrical  vessel  of  silver, 
'very  t>»«",  very  small,  and  the  axis  of  which 
-was  occupied  by  the  reservoir  of  the  thermo- 
meter.  'ITiis  cylinder,  containing  about  460 
grains  of  the  substance,  heated  about  12°  F. 
above  the  ambient  mediam,  was  suspended 
io  the  centre  of  a  vessel,  blackened  interiorly, 
surrounded  with  melting  ice,  and  exhausted 
of  air,  to  prolong  the  period  of  refrigeration, 
which  lasted  generally  fifteen  minutes.  Their 
results  have  disclosed  a  beautiful  and  unfore- 
aeen  relation  between  the  specific  heats  and 
primitive  combining  ratios  or  atoms  of  the 
metals ;  namely,  that  the  atoms  of  ail  simple 
bodies  have  exactly  the  same  capacittffor  heat. 
Hence,  the  specific  heat  of  a  simple  sub- 
stance, multiplied  into  the  weight  of  its  atom 
or  prime  equivalent,  ought  to  give  always  the 
same  product. 

The  law  of  specific  heats  being  thus  esta- 
blished for  elementary  bodies,  it  became  very 
knportant  to  examine,  under  the  same  point 
of  view,  the  specific  heats  of  compound  bodies. 
Their  process  applying  indifierently  to  all 
substances,  whatever  be  their  conductibility 
or  state  of  aggregation,  tliey  had  it  in  their 
power  to  subject  to  experiment  a  great  many 
bodies,  whose  proportions  may  be  considered 
as  fixed;  but  when  they  endeavoured  to 
mount  from  thete  determinations  to  that  of 
the  specific  heat  of  each  compound  atom,  by 
a  method  analogous  to  that  employed  for  the 
ample  bodies,  they  found  themselves  stopped 
by  the  number  of  equally  probable  supposi- 
tions among  which  they  had  to  choose.  "  If 
the  method,"  say  they,  <<  of  fixing  the  weights 
of  the  atoms  of  simple  bodies  has  not  yet  been 
subjected  to  any  certain  rule,  that  of  the  atoms 
of  compound  bodies  has  been,  afortiori,  de- 
duced from  suppositions  purely  arbitrary." 
Tbey  satisfy  themselves  by  saying,  in  the 
mean  time,  that  abstracting  every  particular 
supposition,  the  observations  which  they  have 
hitherto  made  tend  to  establish  this  remark- 
able law,  that  there  always  exists  a  very  sim- 
ple ratio  between  the  capacity  for  heat  of  the 
compound  atoms,  and  that  of  the  elementary 

atoms. 

We  shall  insert  here  tabular  views  of  the 
specific  heats  determined  by  the  recent  re- 
searches of  these  French  chemists,  reserving, 
fiir  the  end  of  the  volume,  the  usual  more 
extended,  but  less  accurate  tables  of  specific 
heat  MM.  Petit  and  Dulong  justly  remark, 
that  **  the  attempts  hitherto  made  to  discover 
some  laws  in  the  specific  beats  of  bodies  have 
been  entirely  unsuccessful.  We  shall  not  be 
surprised  at  this,  if  we  attend  to  the  great 
inaccuracy  of  some  of  the  measurements ;  for 
if  we  except  those  of  Lavoiner  and  Laplace 
(unfortunately  very  few),  and  those  by  La- 
roche  and  B^ard  for  elastic  fluids,  we  are 
forced  to  admit,  that  the  gi*eatest  part  of  the 
others  are  extremely  inaccurate,  as  our  own 


experiments  have  informed  us,  and  as  might 
indeed  be  concluded  from  the  great  discord- 
ance in  the  results  obtained  for  the  same 
bodies  by  different  experimenters.**  From 
this  censure  we  must  except  the  recent  re- 
sults of  MM.  Clement  and  Desormes  on 
gases,  which  I  believe  may  be  regarded  as 
entitled  to  equal  confidence  with  those  of 
Berard  and  Delaroche. 

TABLE  L^Qfthe  Specific  Heals  of  Gases, 
by  MM.  Bekaad  arid  DelaboCHE. 


Equal 
yolumca. 

Equal 
weights. 

Sp. 
gravity. 

Air, 

Hydrogen, 
Carbonic  add, 
Oxygen, 
Azote, 

Oxide  of  azote, 
Olefiant  gas. 
Carbonic  oxide. 

1.0000 
0.9033 
1.2583 
0.9765 
1.0000 
L3503 
1.5530 
1.0340 

1.0000 
12.3401 
0.8280 
0.8848 
L0318 
0.8878 
1.5763 
1.0805 

1.0000 
0.0732 
1.5196 
1.1036 
0.9691 
1.5209 
0.9885 
0.9569 

To  reduce  the  above  numbers  to  the  stan- 
dard of  water,  three  different  methods  were 
employed ;  from  which  the  three  numbers, 
0.2498,  0.2697,  and  0.2813,  were  obtained 
for  atmospheric  air.  The  experimenters  have 
token  0.2660  as  the  mean,  to  which  all  the 
above  results  are  referred,  as  follows  :•— 

TABLE  IL 

Water,  1.0000 

Air,  0.2669 

Hydrogen  gas,    3.2936 

Carbonic  acid,     0.2210 

Oxvgen,  0.2361 

Azote,  0.2754 

Oxide  of  azote,    0.2369 

Olefiant  gas,        0.4207 

Carbonic  oxide,    0.2884 

Aqueous  vapour,  0.8470, 

Tlie  following  are  the  results  given  by  MM. 

Clement  and  Desormes,  for  equal  volumes,  at 

temperatures  from  O*'  to  60^  centigrade,  or 

32^  to  140^  Fahr. 


TABLE  IIL 

Inches   Clement  ft 
Barom.  Dtawrmec 

Atmospheric  air  at  39.6  1.215 

Ditto  29.84  1.000 

Ditto  14.92  0.693 

Ditto  7.44  0.540 

Ditto  a74  0.368 

Do.  charged  with  >  gg  g^^  1.000 


Ddarocbe 
ft  Berard. 

1.2396 
1.0000 


ether. 
Azote, 
Oxygen, 
Hydrogen, 
Carbonic  acid. 


29.84  1.000 

29.84  1.000 

29.84  0.664 

29.84  1.500 


LOOOO 
0.974 
0.9033 
1.2583 


The  relative  specific  heat  of  air  to  water  is, 
by  MM.  Clement  and  Desormes,  0.250  to 
r.OOO,  or  exactly  ono-fourth.  The  last  table, 
which  b  extracted  from  the  Journal  de  Phy^ 
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mqwct  givei  the  specific  heet  of  olygen  by  cific  heels  of  tlie  same  gas,  considered  txnder 

Ddaroche  end  Berard,  a  little  different  from  these  two  different  aspects.      He  was  the 

their  own  number,  Table  L  from  the  AnnaUt  first  to  perceive,  that  the  difference  between 

de  Chimie,  toL  85.      The  most  remarkable  the  estimate  by  theory  and  observation,  of  the 

result  given  by  MM.  Clement  and  Desormes  velocity  of  sound  in  air,  might  be  owing  to 

legards  carbonic  add,  which  being  reduced  Newton  and  succeeding  geometers  not  tak- 

to  the  standard  of  weights,  gives  a  specific  ing  into  account,  in  their  calculations,  the 

beat  compared  to  air  of  about  0.987  to  1.000,  changes  of  temperature  which  accompany  the 

while  oxygen  is  only  0.9000.     The  former  sudden  changes  of  density  in  elastic  fluids, 

tables  of  Crawford  and  Dalton  give  the  sp.  MM.  Biot  and  Poisson  showed,  indeed,  that 

beat  of  oxygen  2.65,  and  of  carbonic  add  by  allowing  for  thu  droumstance,  the  calcu- 

0.586,  compared  td  air  1.000.     And  upon  iated  vdodty  would  approximate  more  nearly 

these  very  erroneous  numbers,  they  reared  to  the  experimental.    At  that  time,  however, 

their  hypothetical  fabric  of  latent  heat,  com-  the  indispensable  physical  data  were  wanting 

bustion,  and  animal  temperature.  for  the  complete  verification  of  thu  conjeo- 

Mr  H.  Mdkle,  in  an  able  paper  on  the  ture. 
spedflc  heat  of  air,  under  Volume  and  under  More  lately,  M<  de  Laplace  submitted  this 
Pressure,  assigns  the  ratio  of  the  spedfic  heat  idea  to  a  new  examination,  and  proved,  that 
of  air  under  a  constant  volume  to  that  un-  the  real  velodty  of  sound  should  be  obtained 
der  a  constant  pressure  as  1  to  1,33^  which  by  multiplying  the  velocUy  calculatedf  accord- 
is  so  nearly  3  to  4>,  that  he  is  inclined  to  con-  ing  to  the  formuU  of  Newton,  by  the  square 
sider  this  to  be  its  true  value.— £(^tn.  New  root  of  the  ratio  of  the  spedfic  heat  of  air 
FhiJU  Jourtu  ii.  333.  under  s  constant  pressure,   to  the  spedfic 

MM.  de  la  Rive  and  Marcet  have,  in  a  heat  of  the  same  fluid  under  a  constant  vo> 

late  memoir,  (BihHotk.  Urmfertelle,  N.S.  xlL)  lume.     M.  Pmsson  arrived  likewise  at  the 

arrived  at  the  following  conclusions  :•—  same  theorem  by  s  more  direct  computation^ 

1.  That  at  the  same  pressure,  and  in  the  and  one  completely  freed  from  the  somewhat 
aame  volume,  all  the  gases  have  an  equal  improbable  hypotheses  which  the  author  of 
spedfic  heat.  the  Meckanique  CeUtU  had  adopted,  with  re- 

2.  That  in  the  same  volume,  the  same  gas  spect  to  the  mode  of  existence  of  heat  in  das- 
has  a  smaller  specific  heat,  in  proportion  as  tic  fluids. 

it  is  subjected  to  a  smaller  pressure.  An  experiment  of  MM.  Clement  and 
The  results  of  MM.  Laroche  and  Berard  Desormes,  repeated  with  more  perfect  appft- 
had  indeed  rendered  it  probable,  that  tlie  ratus,  and  in  more  varied  drcumstances,  by 
sinqtle  gases  had,  under  the  same  volume,  MM.  Gay  Lussac  and  Wdter,  allowed  us  to 
the  same  spedfic  gravity.  The  experiments  calculate,  for  atmospheric  air,  the  value  of 
of  Mr  Haycroft,  recorded  in  the  Edinburgh  this  ratio  of  the  two  spedfic  heats  above  men- 
Philosophical  TVansactions,  tend  to  confirm  tioned ;  and  by  substituting  it  in  the  general 
thb  proposition  ;  but  they  do  not  entitle  us  formula,  the  velodty  of  sound  thence  obtain- 
to  comprehend  under  it  the  compound  gases,  ed  differs  by  no  more  than  a  few  yards  from 
M.  Dulong,  in  a  memdr  read  in  the  Aca-  the  observed  velodty.  The  ratio  given  by 
demy  of  Sdences,  18th  May  1828,  says,  that  Mr  Mdkle  is  probably  very  near  the  truth, 
he  does  not  think  it  possible  to  imagine  an  From  the  experiments  of  MM.  Gay  Lussac 
arrangement  of  apparatus,  or  a  mode  of  ope-  and  Welter,  quoted  in  the  Mechahique  CdesUf 
rating,  which  will  warrant  us  to  infer  the  v.  125.  it  would  appear,  that  this  ratio  of  the 
specific  beats  of  gases  from  observations  of  two  spedfic  heats  is  sensibly  constant  for 
their  times  of  heating  and  cooling,  as  MM.  atmospherical  air,  at  all  temperatures  and  all 
de  la  Bive  and  Marcet  have  tried  to  do.  pressures.  Hiis  condition  introduced  into 
The  results  of  MM.  t<aroche  and  Berard  the  calculation,  would  permit  the  variations 
are  therefore  still  entitled  to  most  confidence ;  of  temperature  to  be  assigned,  which  corres- 
and  they  seem  to  prove,  beyond  doubt,  that  pond  to  abrupt  changes  of  density  of  any 
all  the  gases,  simple  or  compound,  have  not,  given  mass  of  air. 

under  the  same  volume,  an  equal  capadty  for  It  may  be  admitted  to  be  a  demonstrated 

heat.     These  determinations,  however,  refer  prindple,  that  the  square  of  the  quotient  of 

merely  to  gases  exposed  to  a  constant  pres-  the  real  velodty  of  sound,  in  any  elastic  fluid 

sure ;    the  question  relative  to  a  constant  whatever,  dirided  by  the  vdodty  calculated 

volume  renuuns  untouched  by  them.     Re-  from  Newton's  formula,  is  equal  to  the  ratio 

garded  in  an  experimental  point  of  view,  this  of  the  specific  heat  under  a  constant  volume, 

question  presents  far  greater  difiSculties  than  Let  A  be  the  hdglit  of  the  barometer,  g  the 

the  former ;  and  hitherto,  says  M.  Dulong,  intensity  of  gravity,  D  the  density  of  Uie  gas, 

no  direct  method  has  been  indicated  for  its  that  of  mercury  being  taken  for  unity,  t  the 

solution.     But  one  of  the  happiest  inspira-  temperature  above  (^  C,  i;  the  velodty  of 

tions  of  M.  de  Laplace  has  discovered,  in  sound,  according  to  observation,  and  k  the 

the  mathematical  theory  of  the  propagation  ratio  of  the  two  spedfic  heats,  under  a  con- 

of  sound,  certain  relations  between  the  spe-  stent  pressure  and  under  a  constant  volume^ 
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we  hare^  k  = 


£*(!  +  /,  0.00375). 

Hence  the  tnTestigation  of  this  ratio  is  re- 
dnoed  to  that  of  the  real  ▼elodtles  of  sound 
in  different  elastic  fluids.  For  any  other  gas 
than  atmospheric  air,  it  is  needless  to  think 
of  measunng  directly  the  velocity  of  propa- 
gation of  a  sonorous  wave;  recourse  must 
obviously  be  had  to  indirect  means.  The 
theory  of  wind  instruments  suggested  a  mode, 
which  was  first  indicated  and  put  in  practice 
by  Chladni  and  Jacquin.  This  method  con- 
sists in  making  the  some  pipe,  with  a  flute 
emboueburef  sound  successively  with  all  the 


ebMtic  fluids,  lupposed  tA  the  same  tempera- 
ture^ and  in  determining  the  pitch  of  tone 
given  by  each  gas.  Admitting  that  the  fluid 
ccdumn  contained  in  the  instrument  expe- 
riences the  same  mode  of  subdivision  in  every 
case-«i4hat  it  corresponds,  for  example^  to 
what  ia  called  the  fundamental  sound,  or  the 
gravest  of  all  those  which  the  theory  of  Ber- 
nouilli  indicates  for  the  same  pipe,  we  easily 
come  to  know  the  length  of  a  wave,  and  its 
duration  in  each  elastic  fluid;  and  conse- 
quently the  velocity  with  which  a  vibration 
would  be  propagated  in  each  of  them. 

The  following  table  exhibito  the  results  of 
M.  Dulong*s  researches  dn  this  interesting 
.  subject  :— 


Table  hif  M.  Dulokg. 


6 


I 


o   o   a 

&.     Sr      I 


^11 
1 1  I 


O       > 
^         I 

8      I 

•     7 


I 


e. 


Names  of  the  elastic 
fluids. 


iJli-tli 


CO 


a.  I  »•  Lb 


CO 


r©  s«  r  r«  5*>  .^ 

•a  poo  2  j- 


QD  "O  "nI  "O 

a  c^  toco 


8»—     l«  N)     ^ 


i« 


Tones  given  by  the  same 
pipe  60  centim.  long. 


Number  of  vibrations  in 
a  sexagesimal  second. 


Temperature  by  the  cen- 
tigrade iherm. 


P      t- 


0>     CO 
to     -4 

-4     tE^ 


Ca 

1^ 


s 


lO    to 


9* 
to 


OD 


«0 

•a 

CO 

e 

to 

CO 


s 


00        to     CO 


i 

c^ 


CO 

•a 


Numbers  adopted  in  the 
calculation  for  the  den- 
sity of  the  fluid. 


Velocity  of  the  propaga- 
tion of  sound  at  0^  C. 
according  to  the  for- 
mula of  Newton. 


Velocity  of  the  propaga* 
tion  of  sound  at  0°, 
deduced  from  the  tone 
given  by  each  fluid. 


10 


Sif^  C^  00  «^  !^  ^  1^  *^ 
lOrwPO^i-^i:- 


■^ 


CO  CO  O -a  C^  CO  CO  <1  C^        1^ 


S: 


•Q  ;o 


CO        S 


Ratio  of  the  specific  heata 
at  a  constant  pressure, 
to  the  sp.  heat  at  a 
constant  volume. 


Specific  heat  at  a  con- 
stant volume,  that  of 
airs=  1.0. 


Specific  heat  at  a  constant 
pressure,  according  to 
Bererd  and  Delaroche. 


en      09 


lO 


p 

CO 


p 
to 


p  p 

CO  4^ 

^  to 

09  CO 


p 

CO 


to 


Elevation  of  temperature 
produced  by  a  conden- 
sation of  *Xy  of  the 

primitive  vol.  supposed 
at  0°,  and  at  0.76™. 
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From  this  table  we  see,  that  for  oxygen 
and  hydrogen  gases  and  air,  that  is,  for  the 
tfmple  gases,  the  ratio  of  the  two  specific 
beats  it  very  nearly  the  same.  The  fraction 
which  they  comprehend  being  regarded  as 
expressing  the  elevation  of  temperature  pro^ 
duced  in  these  fluids  by  a  sudden  condensa- 
tion of  -g-^  of  their  volume  at  0^,  we  may 
therefore  conclude  that  these  gases,  in  suf. 
fering  the  same  condensation,  experience  a 
like  elevation  of  temperature ;  but  if  it  be 
admitted  that  the  elementary  gases  have  the 
same  specific  heat  under  a  constant  pressure, 
the  most  simple  and  most  probable  manner 
of  interpreting  this  result  is  to  allow,  that 
the  specific  heat  of  these  gases  under  a  con- 
stant volume  is  also  tlie  same,  and  that  all 
these  fluids  disengage  the  same  absolute  qturn- 
tUy  of  heat  by  an  equal  condensation.  As 
to  the  other  gaseous  substances,  we  perceive 
that  the  ratio  of  the  two  specific  heats  be- 
comes in  general  the  smaller,  as  the  gas  to 
which  this  coefiicient  belongs  possesses  a 
greater  capacity ;  of  consequence,  the  elevaF- 
tion  of  temperature  produced  in  these  diff*e- 
rent  gases  by  a  like  condensation,  is  feebler 
in  proportion  as  the  specific  heat  is  greater. 

We  are  finally  led  to  a  general  law  re- 
markable for  its  simplicity,  viz.  1.  That  equal 
volumes  of  all  the  elastic  Jluids,  taken  at  a  like 
temperature  and  utuier  a  tike  pressure t  being 
compressed  or  dilated  suddenly  by  a  likejrac~ 
tion  (^  their  volume^  disengage  or  absorb  the 
tame  absolute  quantity  ^'  heat :  2.  That  the 
variations  of  temj>erature  which  thence  resuUt 
are  in  the  inverse  ratio  vf  their  specific  heat 
at  a  constant  volume. 

We  shall  refer  to  the  above  table  in  treat- 
ing of  combustion. 

We  see  from  the  experiments  on  air,  at 
diff*erent  densities,  that  its  specific  heat  dimi- 
nishes in  a  much  slower  rate  than  its  specific 
gravity.  When  air  is  expanded  to  a  quadru- 
ple volume,  its  specific  heat  t>ecomes  0.540, 
and  when  expanded  to  eight  times  the  vo- 
lume, its  specific  heat  is  0.368.  The  densi- 
ties in  the  geometrical  progression  1,  ^>  j^,  f» 
correspond  nearly  to  the  specific  heats  in  the 
arithmetical  series,  5, 4i,  3, 2.  Hence  also  the 
^>ecific  heat  of  atmospherical  air,  and  of  pro- 
bably all  gases,  considered  in  the  ratio  of  its 
weij^t  or  mass,  diminishes  as  the  dennty  in- 
creases. On  the  principle  of  the  increase  of 
specific  heat  relative  to  its  mass,  has  been 
explained  the  long  observed  phenomenon  of 
the  intense  cold  which  prevails  on  the  tops 
of  mountains,  and  generally  in  the  upper 
regions  of  the  atmosphere ;  and  also  that  of 
the  prodigious  evolution  of  heat  when  air  is 
forcibly  condensed.  According  to  M.  Gay 
Lussac,  a  condensation  of  volume  amounting 
to  four-fil\hs  is  sufiicient  to  ignite  tinder. 
If  a  syringe  of  glass  be  used,  a  vivid  flash  of 
light  is  seen  to  accompany  the  condensation. 


TABLE  IV.^Of  Spee^ic  Heats  trf  some 
Sotids^  determine  by  DuLONO  ajul  Petit. 


Speciflc 

Weight  of 

Product 

heiits,that 

tbeaunni^ 

of  these 

of  water 

oxygen  be. 

two  num. 

being  iOO. 

ingl. 

bert. 

Bumuth, 

0.0288 

lasoo 

0.3830 

Lead, 

0.0293 

12.950 

0.3794 

Gold, 

0.0298 

12.430 

0.3704 

Platinum, 

0.0314 

11.160 

0.3740 

Tin, 

0.0514 

7.350 

0.3779 

Silver, 

0.0557 

6.750 

0.3759 

Zinc, 

0.0927 

4.030 

0.3736 

Tellurium, 

0.0912 

4.030 

0.3675 

Copper, 

0.0949 

3.957 

0.37.55 

Nickel, 

0.1035 

a690 

0.3819 

Iron, 

0.1100 

a39l2 

0.3731 

Cobalt, 

0.1498 

2.460 

0.3685 

Sulphur, 

0.1880 

2.011 

0.3780 

The  above  products,  which  express  the  capa- 
cities of  the  different  atoms,  approach  so  near 
to  equality,  that  the  slight  differences  must  be 
owing  to  slight  errors,  either  in  the  measure- 
ment of  the  capacities  or  in  the  chemical  ana- 
lyses, especially  if  we  consider,  that,  in  certain 
cases,  these  errors,  derived  from  these  two 
sources,  may  be  on  the  same  side,  and  conse- 
quently be  found  multiplied  in  the  result. 
Each  atom  of  these  simple  bodies  seems, 
therefore,  as  was  formerly  stated,  to  have  the 
same  capacity  for  heat. 

An  important  question  now  occurs,  Whe- 
ther tlie  relative  capacities  for  heat  of  diflfer- 
ent  solid  and  liquid  bodies  be  uniform  at  dif- 
ferent temperatures,  or  whether  it  vary  with 
the  temperature  ?  This  question  mily  be  per- 
haps more  clearly  expressed  thus :  Whether 
a  body,  in  cooling  a  certain  thermometric 
range  at  a  high  temperature,  gives  out  the 
same  quantity  of  heat  that  it  does  in  cooling 
through  the  same  range  at  a  lower  tempera- 
ture? No  means  seem  better  adapted  for 
solving  this  problem,  than  to  measure  the  re- 
frigeration produced,  by  the  same  weights  of 
ice,  on  uniform  weights  of  water  at  difiTerent 
temperatures.  Mr  Dalton  found  in  this  way, 
that  "  176.5^  expresses  the  number  of  de- 
grees of  temperature,  such  as  are  found  be- 
tween 200*^  and  212^  of  the  old  or  common 
scale,  entering  into  ice  of  32^  to  convert  it 
into  water  of  32*^;  150^  of  the  same  scale^ 
between  122**  and  130°,  suflSce  for  the  same 
efiTect ;  and  between  45®  and  50°,  128°  are 
adequate  to  the  conversion  o(  the  same  ice 
into  water.  These  three  resulting  numbers 
(128,  150,  176.5)  are  nearly  as  5,  6,  7. 
Hence  it  follows,  that  as  much  heat  is  neces- 
sary to  raise  water  5°  in  the  lower  part  of  the 
old  scale,  as  is  required  to  raise  it  7^  in  the 
higher,  and  6^  in  the  middle. '*^&tf  his  New 
System  of  Chemical  Phiios.  vol.  i.  p.  53. 

Mr  Dalton,  instead  of  adopting  the  obvi- 
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out  conclusion,  thst  the  capacity  of  water  for 
beat  IS  greater  at  lower  than  it  is  at  higher 
tamperatures,  and  that  therefore  a  smaller 
number  of  degrees  at  tl)e  former  should  n^elt 
•a  much  ice  as  a  greater  number  at  the  lat- 
ter, ascribes  the  deviation  denoted  by  these 
numbers,  5,  6,  and  7,  to  the  gross  errors  of 
the  ordinary  thermoroetric  graduation,  which 
he  considers  so  excessive,  as  not  only  to  equal, 
but  greatly  to  overbalance,  the  realljf  increas- 
ed specific  heat  or  capacity  of  water ;  which, 
Tiewed  in  itself,  he  conceives  would  have  ex- 
hibited opposite  experimental  results.  That 
our  old,  and  according  to  his  notions,  obsolete 
thermometric  scale,  has  no  such  prodigious 
deviation  from  truth,  is,  I  believe,  now  fully 
admitted  by  chemical  philosophers;  and, 
therefore,  the  only  legitimate  inference  from 
these  very  experiments  of  Mr  Dalton,  is  the 
<i^crvcutR^  capacity  of  water  with  the  increaae 
of  its  temperature.  It  deserves  to  be  remark- 
ed, that  my  experiments  on  the  relative  times 
of  cooling  a  globe  of  glass,  successively  filled 
with  water,  oil  of  vitriol,  common  oil,  and  oil 
of  turpentine,  give  exactly  the  same  results 
as  Mr  Dalton  had  derived  from  mixtures  of 
2  ounces  of  ice  with  60  of  water,  at  differ- 
ent temperatures.  This  concurrence  is  the 
more  satisfactory,  since,  when  my  paper  on 
the  specific  heats  of  the  above  bodies,  pub- 
lished in  the  Annals  of  Philosophy  for  Octo- 
ber 1817,  was  vnritten,  I  had  no  recollection 
of  Mr  Dalton*s  experiments. 

TABLE  W.-^Of  Capacities  for  Heat.^ 


Mean  capacity  between 
(PSclOfP. 

Mean  capacity  be- 
tween 0°  &  3000<>. 

Mercury,      0.0330 
Zinc             0.0927 

a0350 
0.1015 

Antimony,    0.0507 
Silver,           0.0557 

0.0549 
0.0611 

Copper,        0.0949 
FUtinum,     0.0355 

0.1013 
0.0355 

Glass,            0.1770 

0.1900 

'  The  capacity  of  iron  was  determined  at  the 
four  following  intervals : 

From  0  to  100°,  the  capacity  is  0. 1098 
0  to  200  0.1150 

0  to  300  0.1218 

0  to  350  0.1255 

If  we  estimate  the  temperatures,  as  some 
philosophers  have  proposed,  by  the  ratios  of 
the  quantities  of  beat  which  the  same  body 
gives  out  in  cooling  to  a  determinate  temper- 
ature, in  order  that  this  calculation  be  exact 
it  would  be  necessary  that  the  body,  in  cool- 
ing, for  example,  horn  300°  to  0°,  should 
give  out  three  times  as  much  heat  as  in  cool- 
ing from  100°  to  0°.  But  it  will  give  out 
more  than  three  times  as  much,  because  the 
capacities  are  increasing.     We  should  there- 


fore find  too  high  a  temperature.  We  ex- 
hibit in  the  following  table  the  temperatuses 
that  would  be  deduced  by  employing  the 
different  metals  contained  in  the  preceding 
table.  We  must  suppose  that  they  have  been 
all  placed  in  the  same  liquid  bath  at  300<*, 
measured  by  an  air  thermometer. 

Iron,        -        -  332.2 

Mercury,         -        -     318.2 
Zinc,  -         -        32a5 

Antimony,    -        -       324.8 
Silver,         -        -  329.3 

Copper,'         -        -     320.0 
platinum,  -  317.9 

GUos,        -  -       ^2.1 

Experiments  have  been  instituted,  and  the- 
orems constructed,  for  determining  the  abso- 
lute quantity  of  heat  in  bodies,  and  the  point 
of  the  total  privation  of  that  power,  or  of  ab- 
solute cold,  on  the  thermometric  scale.  The 
general  principle  on  which  most  of  the  in- 
quirers have  proceeded,  is  due  to  the  inge- 
nuity of  Dr  Irvine.  Supposing,  for  example, 
the  capacity  of  ice  to  be  to  that  of  water  as 
8  to  10,  at  the  temperature  of  32°,  we  know 
that  in  order  to  h'quefy  a  certain  weight  of 
ice,  as  much  heat  is  required  as  would  heat 
the  same  weight  of  water  to  140°  Falir. 
Hence,  140°  represent  two-tenths  or  one^fifth 
of  the  whole  heat  of  fluid  water ;  and  there- 
fore the  whole  heat  will  be  5  X  1^0°  ss  lOCy* 
below  32°.  It  is  needless  to  present  any  al- 
gebraic equations  on  a  principle  which  is  pro- 
bably erroneous,  and  which  has  certainly  pro* 
duced  in  experiment  most  discordant  results. 
Mr  Dalton  has  given  a  general  view  of  them 
in  his  section  on  the  xero  of  temperature. 

If  we  estimate  the  capacity  of  ice  to  that 
of  water  as  9  to  10,  then  the  xero  will  come 
out 1400° 

Gadolin,  from  the  heat  evolved  inl  2936 
mixing  sulphuric  acid  and  water  in  I  1710 
different  proportions,  and  comparing  I  1510 
the  capacity  of  the  compound  with  ^2637 
those  of  its  components,  deduced  the  3230 
opposite  numbers,         .  ^    1740 

Mr  Dalton,  from  sulphuric  acid  and  w»- 
ter,         .  6400i> 

Ditto  ditto  ditto  4150 

Ditto  ditto  ditto  6000 

He  thinks  these  to  be  no  nearer  approxi- 
mations to  the  truth  than  Gadolin 's. 

From  the  heat  evolved  in  slakingl 
lime,  compared  to  the  specific  heats  of  I 
the  compound,  and  its  constituents,  S4260 
lime  and  wate^,  Mr  Dalton  gives  us  [ 
the  zero,       ....         J 

From  nitric  acid  and  lime,  Mr  Dalton 
finds  .  11000 

From  the  combustion  of  hydrogen,  5400 

From  Lavoisier  and  Laplace*s  experiments 
on  staked  lime,  3428 

Fh>ro  their  experiments  on  sulphuric  add 
and  water,  .        7262 

Ditto  ditto  ditto  2598 
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Ditto  frcmi  nitric  acid  and  lime,  4-  28837 
J>r  liTine  placed  it  below  dO«,  s  900 
Dr  Crawford  ditto  ditto  =s  1500 
The  aboTe  result  of  Lavoisier  and  Laplace 
on  nitric  acid  and  lime^  shows  the  theorem  in 
a  very  absurd  point  of  view,  for  it  places  the 
zero  of  cold  above  melting  platipa.  MM. 
Clement  and  Desormes  haye  been  lately 
searching  after  the  absolute  zero,  and  are 
convinced  that  it  is  at  266.66^  below  the 
zero  of  the  centigrade  scale,  or  — >  448^ 
Fahr.  This  is  a  more  conceivable  result. 
But  MM.  Dulong  and  Petit  have  been  led 
by  their  investigation  to  fix  the  absolute  zero 
at  infinity.  **  This  opinion,'*  say  they,  "  re- 
jected by  a  great  many  philosophers  because 
it  leads  to  the  notion  that  the  quantity  of 
heat  in  bodies  is  infinite,  supposing  their  ca> 
pacity  constant,  becomes  probable  now  that 
we  luiow  that  the  specific  heats  diminish  as 
the  temperatures  sink.  In  fact,  the  law  of 
this  diminution  may  be  such,  that  the  inte> 
gral  of  heat,  taken  to  a  temperature  infinitely 
low,  may  notwithstanding  have  a  finite 
value.'*  They  further  infer,  that  the  quan- 
tity of  heat  developed  at  the  instant  of  the 
combination  of  bodies,  has  no  relation  to  the 
capacity  of  the  elements ;  and  that,  in  the 
greatest  number  of  cases,  this  loss  of  heat  is 
not  followed  by  any  diminution  in  the  capa*- 
dty  of  the  compounds  formed.  This  conse- 
quence of  their  researches,  if  correct,  is  fatal 
to  the  theorem  of  Irvine,  and  to  all  the  in- 
ferences that  have  been  drawn  from  it 

3^  0/  the  general  kabitudet  tf  heat  with 
the  different  formt  of  matter. 

The  e£fects  of  heat  are  either  transient  and 
physical,  or  permanent  and  chemical,  induc- 
ing a  durable  change  in  the  constitution  of 
bodies.  The  second  mode  of  operation  we 
shall  treat  of  under  Combctstiok.  The  first 
fells  to  be  discussed  here ;  and  divides  itself 
naturally  into  the  two  heads,  of  changes  in 
.  the  volume  of  bodies  while  they  retain  their 
form,  and  changes  in  the  state  of  bodies. 

1st,  The  successive  increments  of  volume 
which  bodies  receive  with  successive  incre- 
ments of  temperature,  have  been  the  subjects 
of  innumerable  researches.  The  expansion 
of  fluids  is  so  much  greater  than  that  of 
solids  by  the  same  elevation  of  their  tempe- 
rature, that  it  becomes  an  easy  task  to  ascer- 
tain'within  certain  limits  the  augmentation 
of  volume  which  liquids  and  gases  suffer 
through  a  moderate  thermometric  range. 
We  have  only  to  enclose  them  in  a  glass 
vessel  of  a  proper  form,  and  expose  it  to 
heat.  But  to  determine  their  expansions  with 
final  accuracy,  and  free  the  results  from  the 
errors  arising  from  the  unequable  expansion 
of  the  recipient,  is  a  problem  of  no  small 
difficulty.  It  seems,  however,  after  many 
vain  attempts  by  preceding  experimenters,  to 
have  been  finally  solved  by  MM.  Dulong 
and  Petit.      The  expansion  of  solids  had 


been  previously  measured  with  cobaiderabie 
accuracy  by  several  philosophen,  particu- 
larly by  Smeaton,  Hoy,  Kamsden,  and 
Troughton,  in  this  country,  and  Lavoisier 
and  Laplace  in  France.  The  method  de- 
vised by  General  Roy,  and  executed  by  him 
in  conjunction  with  Ramsden,  deserves  the 
preference.  The  metallic  cht  other  rod,  the 
subject  of  experiment,  was  placed  horizon- 
tally in  a  rectangular  trough  of  water,  which 
could  be  conveniently  heated.  At  any  ali- 
quot distance  on  the  rod,  two  micrometer 
microscopes  were  attached  at  right  angles  to 
it,  so  that  each  being  adjusted  at  first  to  two 
immoveable  points,  exterior  to  the  heating 
apparatus,  when  the  rod  was  elongated  by 
heat,  the  displacement  of  the  microscopes 
could  be  determined  to  a  very  minute  quan- 
tity, to  the  twenty  or  thirty  thousandth  of  an 
inch,  by  the  micrometrical  mechanism. 

The  apparatus  of  Lavoisier  and  Laplace 
was  on  Smeaton's  plan,  a  series  of  leven ; 
but  differed  in  this  respect,  that  the  hist  lever 
gave  a  vertical  motion  to  a  telescope  of  six 
feet  focal  length,  whose  quantity  of  displace- 
ment was  determined  by  a  scale  in  its  field 
of  new  from  100  to  200  yards  distant.  This 
addition  of  a  micrometrical  telescope  was  in- 
genious ;  but  the  whole  mechanism  is  liable 
to  many  objections,  from  which  that  of 
Ramsden  is  free.  Still,  when  managed  by 
such  hands  and  heads  as  those  of  Lavoisier 
and  Laplace^  we  must  regard  its  results  with 
veneration.  MM.  Dulong  and  Petit  have 
measured  the  dilatations  of  some  solids  as 
well  as  mercury,  on  pUns  which  merit  equal 
praise  for  their  originality  and  philosophical 
precision.  They  commenced  with  mercury. 
Tlieir  method  with  it  »  founded  on  this  in- 
contestable law  of  hydrostatics,  that  when 
two  columns  of  a  liquid  communicate  by 
means  of  a  lateral  tube,  the  vertical  heights 
of  these  two  columns  are  precisely  the  inverse 
of  their  densities.  In  the  axis  of  two  upright 
copper  cylinders,  vertical  tubes  of  glass  were 
fixed,  joined  together  at  bottom  by  a  hori- 
zontal glass  tube  resting  on  a  levelled  iron 
bar.  One  of  the  cylinders  was  charged  with 
ice,  the  other  with  oil,  to  be  warmed  at  plea^ 
sure  by  a  subjacent  stove.  The  rectangular 
inverted  glass  syphon  was  filled  nearly  to  the 
top  with  mercury,  and  the  height  at  which 
the  liquid  stood  in  each  leg  was  determined 
with  nicety  by  a  telescopic  micrometer,  re- 
volring  in  a  horizontal  plane  on  a  vertical 
rod.  Hie  telescope  had  a  spirit  level  attach- 
ed to  it,  and  could  be  moved  up  or  down  a 
very  minute  quantity  by  a  fine  screw.  The 
temperature  of  the  oil,  the  medium  of  heat, 
was  measured  by  both  an  air  and  a  mercu- 
rial thermometer,  whose  bulbs  occupied  near- 
ly the  whole  vertical  extent  of  the  cylinder. 
The  elongation  of  the  heated  column  of  mer- 
cury could  be  rigorously  known  by  directing 
the  eye,  through  the  micrometer,  finrt  to  its 
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surfiice^  and  next  to  that  in  the  ice-cold  leg. 
Having  by  a  series  of  careful  trials  ascer- 
tained the  expansions  of  mercury  through 
diffemit  thermometric  ranges,  they  then  de- 
termined the  expansion  of  glass  from  the  ap- 
parent expansions  of  mercury  within  it.  Hiey 
filled  a  thermometer  with  well  boiled  mercu- 
ry, and,  plunging  it  into  ice,  waited  till  the 
liquid  became  stationary,  and  then  cut  across 
the  stem  at  the  point  where  the  mercury 
stood.  After  weighing  it  exactly,  they  im- 
mersed it  for  some  time  in  boiling  water. 
On  withdrawing,  wiping,  and  weighing  it, 
they  learned  the  quantity  of  mercury  expel- 
led, which  being  compared  with  the  whole 
weight  of  the  mercury  in  it  at  the  tempera- 
ture of  melting  ice,  gave  the  dilatation  of 
volume.  This  is  precisely  the  plan  employ- 
ed long  ago  by  Mr  Crighton  as  well  as  my- 
self, and  which  gave  the  quantity  l-63d, 
employed  in  my  paper,  for  the  apparent  dila^ 
tation  of  mercury  in  glass. 

llieir  next  project  was  to  measure  the  di- 
latation of  other  solids ;  and  this  they  accom- 
plished with  much  ingenuity,  by  enclosing  a 
cylinder  of  the  solid  iron,  for  example,  in  a 
glass  tube,  which  was  filled  up  with  mercury, 
after  its  point  had  been  drawn  out  to  a  capil- 
lary point.  The  mercury  having  been  pre- 
Tiously  boiled  in  it,  to  expel  all  air  and  mois- 
ture, the  tube  was  exposed  to  different  tem- 
peratures. By  determining  tlie  weight  of  the 
mercury  which  was  driven  out,  it  was  easy  to 
deduce  the  dilatation  of  the  iron ;  for  the  vo- 
lume driven  out  obviously  represents  the  sum 


of  the  dilatations  of  the  mercury  and  the  metal, 
diminished  by  the  dilatation  of  the  glass.  To 
make  the  calculation,  it  is  necessary  to  know 
the  volumes  of  these  three  bodies  at  the  tem- 
perature of  freezing  water ;  but  that  of  the 
iron  is  obtained  by  dividing  its  weight  by  its 
density  at  839,  We  deduce  in  the  same  man- 
ner the  volume  of  the  glass  from  the  quantity 
of  mercury  which  fills  it  at  that  temperature. 
That  of  the  mercury  is  obriously  the  difler- 
ence  of  the  first  two.  Tlie  process  just  point- 
ed out  may  be  applied  likewise  to  other 
metals,  taking  the  precaution  merely  to  oxi- 
dise their  surface  in  order  to  hinder  amalga- 
mation. 

In  the  years  1812  and  1813  I  made  many 
experiments  with  a  micrometrical  apparatus, 
of  a  peculiar  construction,  for  measuring  the 
dilatation  of  solids.  I  was  particularly  per- 
plexed with  the  rods  of  zinc,  which,  after  in<- 
numerable  trials,  I  finally  found  to  elongate 
(permanently  by  being  alternately  heated  and 
cooled.  It  would  seem  that  the  plates  com- 
posing this  metal,  in  sliding  over  each  other 
by  the  expansive  force  of  heat,  present  such 
an  adhesive  friction  as  to  prevent  their  entire 
retraction.  It  would  be  desirable  to  know 
the  limit  of  this  effect,  and  to  see  what  other 
metals  are  subject  to  the  same  change.  I 
hope  to  be  able  ere  long  to  finish  these  pyro- 
metrical  researches. 

I  shall  now  present  a  copious  table  of  di- 
latations, newly  compiled  from  the  best  ex- 
periments. 


TABLE  L— Xifuar  DUalalion  of  Solids  by  Heal. 

m 

Dimensions  which  a  bar  takes  at  212^^,  whose  length  at  32^  is  1.000000. 


Glass  tube^ 

do. 

do. 

do. 

do. 
Plate  glass, 

do.  crown  glaas^ 

do.         do. 

do.         do. 

do.  rod. 
Deal, 
Flatina, 

do. 

do. 

do.  and  glassy 
Palladium, 
Antimony, 
Cast-iron  prism. 
Cast-iron, 
Steel, 
Steel  rod. 
Blistered  steel, 
do. 


Smeaton,      ... 
Roy,  -        -        - 

Deluc's  mean, 
Dulong  and  Petit, 
Lavoisier  and  Laplace, 

do.  do. 

do.  da 

do.  do. 

do.  da 

Roy,  -  - 
Roy,  as  glass, 
Borda,  ... 

Dulong  and  Petit, 

Troughton, 

Berthoud, 

Wollaston, 

Smeaton, 

Roy, 

Lavoisier,  by  Dr  Young, 

Troughton, 

Roy,  ... 

Phil.  Trans.  I795»  428, 

Smeaton, 


1.00063333 

1.00077615 

1.00082800 

1.00086130 

1.00081166 

1.000890890 

1.00087572 

1.00069760 
1.00091751 
1.00080787 

i!o6o85655 

1.00088420 
L00099180 
1.00110000 
1.00100000 
L00108300 
LOOl  10940 
l.OOlllIll 
LOOl  18990 
1.00114470 
1.00112500 
1.00115000 
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DimeanoDs  which  s  bur  takes  at  212^,  whose  length  at  12^  is  1.000000. 


Steel  not  tempered, 

do.  da      do. 

do.  tempered  yellow, 

da       da         do. 

da       da        do.  at  a  higher  heat, 
Steel, 

Haid  steel. 
Annealed  steel, 
Tempered  steel, 
Iron, 

da 

Soft  iron,  forged. 
Round  iron,  wire  drawn, 
Iron  wire, 

Iron, 
Bismuth, 
Annealed  gold. 
Gold, 

do.    procured  by  parting, 

da     Puis  standard,  unaunealed, 

da  da  annealed, 

Copper, 
da 

da 
do. 

da 
Brass, 
da 
da 
Brass  scale,  supposed  from  Hamburg, 
Cast  brass, 
English  plate-brass,  in  rod, 

da  da      in  a  trough  form, 

Brass, 
Brass  wire. 
Brass, 

Copper  8,  tin  1, 
SUver, 

da 

da 

da 

da 
Silver, 

Brass  16,  tin  1, 
Speculum  metal. 
Spelter  solder;  brass  2,  zinc  1, 

Malacca  tin, 

Tin  from  Falmouth, 

Fine  pewter. 

Grain  tin, 

Tin, 

Soft  solder;  lead  2,  tin  1, 

Zinc  8,  tin  1,  a  little  hammered, 

Lead, 
da 
Zinc, 
Zinc,  hammered  out  i  inch  per  foot. 

Glass,  from  SSPy  to  212°, 

da    from  212^,  to  392<», 

da    from  392<^,  to  572°, 
Hie  last  two  measurements  by  an  air  thermometer. 


of  cupel, 
Paris  standard. 


Lavoisier  and  Laplace, 
do.  da 

da  da 

da  do. 

da  da 

Troughton, 
Smeaton, 
Muschenbroek, 

do. 
Boida, 
Smeaton, 
Lavoisier  and  Laplace, 

da  do. 

Troughton, 

Dulong  and  Petit, 
Smeaton, 
Muschenbroek, 
Ellicot,  by  comparison, 
Lavoisier  and  Laplace^ 
da  da 

da  da 

Muschenbroek, 

Lavoisier  and  Laplace, 

do.  da 

Troughton, 

Dulong  and  Petit, 

Borda, 

Lavoisier  and  Laplace, 

da  da 

Roy, 
Smeaton, 

Roy,  -        . 

da  -        - 

Troughton, 
Smeaton, 
Muschenbroek, 
Smeaton, 
Herbert, 

Ellicot,  by  comparison, 
Muschenbroek, 

Lavoisier  and  Laplace, 

do.  da 

Troughton, 
Smeaton, 

da 

da  -        - 

Lavoisier  and  Laplace, 

do.  da 

Smeaton, 

da 
Muschenbroek, 
Smeaton,    - 

da 
Lavoisier  and  Laplace, 
Smeaton, 
do. 
do 

Dulong  and  Petit, 
da  da 

da  do. 


1.00107875 

1.00107956 
1.00136900 
1.00138600 

1.00123956 
1.00118960 
1.00122500 
1.00122000 
1.00137000 
1.00115600 
1.00125800 
1.0012204^ 
1.00123504 
1.00144010 

1.00118203 
1.00139200 
1.00146000 
1.00150000 

1.00146606 

1.00155155 

1.00151361 
1.0019100 

1.001722U 

1.00171222 
L00191880 

1.00171821 

1.00178300 

1.00186671 

J.00188971 

1.00185540 

1.00187500 

1.00189280 

1.00189490 

1.00191880 

1.00193000 

1.00216000 

1.00181700 

1.00189000 

1.0021000 

1.00212000 

1.00190974 

1.00190868 

1.0020826 

1.00100800 

1.00193300 

1.00205800 

L00193765 

1.00217298 
1.00228300 
1.00248300 
1.00284000 
1.00250800 
1.00269200 

1.00284836 
1.00286700 
1.00294200 
1.00301100 
1.00066130 
1.00091827 
1.000101114 
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To  obtain  the  eipaDsion  in  Toiume,  mul- 
tipKy  the  abore  dedmal  quantitieB  by  three, 
or  divide  the  denominators  of  the  vulgar 
fractions  by  three ;  the  quotient  in  either  case 
is  the  dilatation  sought. 

We  see  that  a  condensed  metal,  one  whose 
particles  have  been  forcibly  approximated  by 
the  wire-drawing  process,  expands  more,  as 
might  be  expected,  than  mclab  in  a  looser 
state  of  aggregation!  The  result  for  pewter, 
I  conceive,  must  be  inaccurate.  Lead  ought 
to  communicate  to  tin,  surely,  a  greater  ex- 
pansive property.  Borda's  measure  ofpl»- 
tina  is  important.  It  was  observed  with  the 
rmlet  wbidtk  served  for  measuring  the  base  of 
the  trigonometrical  survey  in  France.  The 
observations  in  the  table  on  tempered  steel, 
are,  1  believe,  by  that  eminent  artist  Fortin, 
though  they  are  included  in  the  table  which 
M.  Biot  published  under  the  title  of  Lavoisier 
and  iMpUce. 

Tlie  amount  of  the  dilatation  of  metals  be- 
comes very  useful  to  determine,  in  certain 
cases,  the  change  of  dimension  to  which  as- 
tronomical instruments  are  liable.  Thus,  in 
measuring  a  base  for  the  grand  operation  of 
the  meridian  of  France^  Borda  sought  to 
«lttde  the  uncertainties  arising  from  expan- 
aioo  of  the  measuring  rods,  by  combining  me* 
tallic  bars,  so  that  they  indicated,  of  them- 
selves, their  variations  of  temperature  and  of 
length.  A  rule  of  platina,  twelve  feet  long, 
vras  attached  by  one  of  its  extremities  to  a 
rule  of  copper  somewhat  shorter,  which 
rested  freely  on  its  surface  when  placed  in 
a  horizontal  position.  Towards  the  loose  end 
of  the  copper  rule,  there  was  traced  on  the 
platina  rule  very  exact  linear  divisions,  the 
parts  of  which  were  millionths  of  the  total 
length  of  this  rule.  The  end  of  the  copper 
rule  carried  a  vernier,  whose  coincidences 
writh  the  platina  graduations  were  observed 
vrith  a  microscope.  Now,  the  dilatations  of 
the  platina  and  copper  being  unequal  for 
equal  changes  of  temperature,  we  may  con- 
eeive  that  the  vernier  of  the  copper  rule 
would  incessantly  correspond  to  variable  di- 
visions, according  as  the  temperatures  varied.  . 
Borda  made  use  of  these  changes,  to  know  at 
ev^ry  instant  the  common  temperature  of 
these  two  bars,  and  the  ratio  of  the  absolute 
dilatations  of  their  two  metals.  The  value 
of  the  vernier  divisions  had  been  previously 
ascertained,  by  plunging  the  compound  baor 
into  water  of  different  temperatures,  contained 
in  an  oblong  wooden  trough.  It  was  there- 
fore sufficient  to  read  the  indications  of  this 
metallic  thermometer,  in  order  to  learn  the 
true  temperature  of  the  bars  in  the  atmos- 
phere, and,  of  course,  the  compensation  to  be 
made  on  the  meter  rods  or  chains,  to  bring 
them  to  the  true  length  at  the  standard  tem- 
perature. 

An  exact  acquaintance  with  the  dilatation 
of  metals  is  also  necessary  for  regulating  the 


length  of  the  pendulum  in  astronomical 
docks.  When  the  ball  or  bob  of  a  seconds 
pendulum  is  let  down  y^v  ^  ^'^  i^tcht  the 
clock  will  go  ten  seconds  slower  in  24  hours ; 
and  therefore  j  q'q  q  of  an  inch  will  taiake  it 
lose  one  second  per  day.  Now,  as  the  ef- 
fective length  of  the  seconds  pendulum  is 
39. 13929  inches,  we  know  from  the  previous 
table  of  expansion,  that  a  change  of  30  degrees 
of  temperature  by  Fahrenheit's  scale,  will 
alter  its  length  about  77V5'  V^'^  which  is 
equivalent  to  ^nearly  0.(X)78»  or  ^i^  of  an 
inch,  corresponding  to  about  eight  seconds  of 
error  in  the  day.  The  first,  the  most  simple^ 
and  most  perfect  invention  for  obviatuig  these 
variations,  is  due  to  Graham.  The.  bob  of 
his  compensation  pendulum  consisted  oi  a 
glass  cylinder,  about  six  inches  long,  holding 
ten  or  twelve  pounds  of  mercury.  In  pro> 
portion  as  the  iron  or  steel  rod  to  which  thia 
was  suspended  dilated  by  heat,  the  mercury 
also  expanded,  and  raised  thereby  the  centre 
of  osdUation,  just  as  much  as  the  lengthen- 
ing of  the  rod  had  depressed  it.  M.  Biot^ 
with  his  usual  accuracy,  has  shown,  that  if 
the  suspending  rod  were  of  glass,  the  length 
of  the  cylinder  of  mercury  would  require  to 
be  1-lOth  the  total  length  of  the  pendulum, 
namdy,  about  four  inches ;  but  the  expansion 
of  iron  being  greater  in  the  ratio  pretty 
nearly  of  three  to  two,  we  have  hence  the 
length  of  the  cylinder  in  the  latter  case  equal 
to  about  six  inches.  The  late  very  ingenious 
Mr  Gavin  Lowe  prescribed,  along  with  a 
steel  rod,  a  glass  cylinder  two  inches  diameter 
inside^  containing  67^  vertical  inches  of  mer- 
cury, weighing  ten  pounds.  From  accurate 
calculation  he  found,  that  if  such  a  pendulum 
should  go  perfectly  true  when  the  thermome- 
ter is  at  30^,  but  that  at  90°  it  should  go  one 
second  slower  in  24  hours,  it  would  be  re- 
medied by  pouring  in  ten  ounces  more  quick- 
silver; or  by  taking  out  that  quantity,  if  it 
went  one  second  f^ter  in  24  hours  when  at 
909  than  at  30^  Fahr. ;  and  for  l-lOth  of  a 
second  of  deviation  in  24  hours,  the  compen- 
sation is  the  addition  or  abstraction  of  one 
ounce  of  mercury.  See  a  useful  paper  on 
this  subject,  *by  Mr  Flrminger,  in  the  Philo- 
sophical Magazine  for  August  1819. 

The  balance  wheel  of  a  watch  varies,  in  the 
time  of  its  osciUations,  by  its  expansions  and 
contractions  with  variations  of  temperature. 
The  invention  of  Arnold  furnished  a  whed 
or  interrupted  ring,  composed  of  concentric 
laminae  of  two  metals,  which,  obviating  the 
above  defect  by  their  difference  of  dilatation, 
has,  under  the  name  of  compensation  balance, 
incalculably  improved  the  accuracy  of  marine 
chronometers.  We  shall  describe,  under 
Thermometer,  an  elegant  instrument  con- 
structed on  similar  prindples,  by  the  cele- 
brated M.  Breguet.     See  other  applications, 
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TABLE  II. — Dilatation  nftke  rolume  of  Iaqvtjx  by  being  healed 

fiim  *J29  to  212°. 


Mercury^  Dalton,  -  - 

do.       Lord  Chark»  Cavendiihy 
do.       Delue,  ... 

do.       General  Roy,  ... 

do.       Shuckburgh,  .  ^  . 

do.       Lavoisier  and  Laplace^ 

do.       Hallfltivuv  •*  - 

do.       Dulong  and  Petit, 

do.  do.     from  212S  to  3920, 

do.  do.     from  392^,  to  572^, 

da  do.     in  glaas,  from  320,  to  2120,       . 

do.  do.  do.  from  2120,  to  399», 

do.  do.  do.  from  392o,  to572o. 

Water,  Kirwan,  from  39^,  its  maximom  density, 

Mufialic  add,  (sp*  gr.  1. 137)»  Dalton, 

I>ntric  add»  (sp.  gr.  1.40),  da 

Sulphuric  add,  (sp.  gr.  1.85),  do. 

Alcf^l,            -            -          -  do.        - 

Water,            ...  do. 

Water  saturated  with  common  salt,  da 

Sulphuric  ether,            -            -  da         - 

Fixed  oils,            -            -        -  da         - 

Oil  of  turpentine,  -  -         da        « 

Hie  quantities  given  by  Mr  Dalton  are  probidily 

too  greats  as  is  certainly  tho  cne  with  mercury ; 

his  experiments  bang  periiaps  modified  by  his 

hypotbetacal  notions. 
Water  saturated  with  common  salty 


0.0200to 

0.018870 

0.018000 

0.017000 

0.01861' 

0.01810 

0.0181800 

0.0180180 

0.0184331 

0.0188700 
0.015432 

0.015680 

0.0158280 

0.04332 

0.0600 

aiioo 

0.0600 
0.1100 
0.0460 
0.0500 
0.0700 
0.0800 

0.0700 


■ 

t 

I 
TV 

I 

Tf 

I 

BS.*t 

I 
TT 

1 

65.50 
_1 

51.25 

1 

T7 

1 

J_ 

6S.78 
1 

0S.18 
i 

S3.0» 
I 


I 
f 


t 

I 
TT 

T 

I 

I 
lt.5 

I 


Robison,        0.05198 


t 

TT 


Dr  Young,  in  fan  valuable  Catmlogue  Rai- 
9tmindet  Natural  Fhtloaophy,  voL  iL  p.  391. 
gives  the  fiotlowing  table  of  the  expansions  of 
water,  constructed  from  a  coUation  of  experi« 
menta  by  Gilpin,  Kirwan,  and  AchanL  He 
says,  that  the  degrees  of  Fahxenheii's  ther- 
mometer, reckoning  either  way  from  39^ 
bdng  called/,  the  expansion  of  water  is  nearly 
expressed  by  2i^*  (1  —  .002/)  in  ten  milr 
lionths ;  and  the  diminution  of  the  sp.  gra- 
vity by  .0000021^-^000000004/7^3.  Thu 

equation,  as  well  as  the  table,  are  very  impor- 
tant fijr  the  reduction  of  spedlic  gravitiss  of 
bodies,  taken  by  weighing  them  in  water. 


59°  0.99914 
60  a99906 
64  0.99867 
69    a998l2 


Dhain.  (ftwp.fr.  Expamion. 
0.00086 
0.00094 

aooi33 

0.00188 
0.00251 


0.00299 
0.00320    0.00SS1 


74  0.99749 
(77»)  0.99701  Achazd, 

79  a99680  Gilpin, 

(82)  0.99612  Kirwan,  0.00388    a00389 

90  0.99511  Gilpin,     0.00489    a00401 

100  0.99313  0.00687    a00092 

102  0.99246  Kirwan,    0.00754    a00760 


Spigrav. 
30^  0.99980 
32  0.99968 
34  0.99994 
39  1.00000 
44    0.99994 

48  0.99982 

49  0.99978 
54    0.99951 


Dimio.  of  tpi  gr.  ExpsiwUm. 
0.00020 
0.00012 
0.00006 
0.00000 
0.00006 

aooois 

0.00022 
0.00049 


122  a98757 

a98872  Dduc, 

142  a98199K. 

162  0.97583 

l&r  0.97480  Deluc, 

182  0.96900  K. 

202  0.96145 

212  a95848 


0.01243  a01858 
a01128 

0.01801  0.018S3 

a02417  0.02461 
0.02560 

0.03100  0.03198 

0.03855  0.04005 

0.04152  0.04333 


The  following  table  by  Hallstiom  merits 
confidence :— « 
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Tin  nuaimum  demitj  of 
4.1^  cent.,  at  which   term 

i.oooa 

TaapiCent 
0 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 


Sp.gr. 

0.9998918 

0.9999382 

0.9999717 

0.9999920 

0.9999995 

0.9999950 

0.9999772 

0.9999472 

0.9999044 

0.9998497 

0.9997825 

0.9997030 

0.9996117 

0.9995080 

0.9993922 

0.9992647 

0.9991260 

0.9989752 


wat«r  is  stated  at 
the  volume  ss= 

Voluxnei. 
1.0001082 
1.0000617 
1.0000281 
1.0000078 
1.0000002 
1.0000050 
1.0000226 
1.0000527 
1.0000954 
1.0001501 
1.0002200 
1.0002970 
1.0003888 
1.0004924 
1.0006081 
1.0007357 
1.0008747 
1.0010259 


Temp.  Cent 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 


0.9968125 
0.9986387 
0.9984534 
0.9982570 
0.9980489 
0.9978300 
0.9976000 
0.9973587 
0.9971070 
0.9968439 
0.9965704 
0.9962864 
0.9959917 


Volumes. 
I.d01]888 
1.0013631 
1.0015490 
1.0017560 
1.0019549 
1.0021746 
1.0024058 
1.0026483 
1.0029016 
1.0031662 
1.0034414 
1.0a37274 
1.0040245 


Deluc  introduced  into  a  series  of  thermo- 
meter glasses  the  following  liquids,  and  noted 
their  comparative  indications  by  expansion  at 
different  degrees  of  heat,  measured  on  Reau- 
mur's thermometer,  of  which  80°  is  the  ball- 
ing point  of  water,  and  0^  the  melting  point 
of  ice. 


TABLE  of  Thermometric  Indications  by  Dbluc. 


Mercury. 

Olive 
OiL 

Eb.  OUof 
Chamomile. 

OUof 
Thyme. 

AloohoL 

Biliit. 

B. 

Cent 

Fahr. 

Water. 

80° 

100° 

212<' 

80° 

8(P 

80° 

Q&* 

80° 

80O 

75 

93} 

200} 

74.6 

747 

74.3 

738 

74.1 

71 

70 

87.5 

189, 
178} 

69.4 

69.5 

6a8 

67.8 

68.4 

62 

65 

81 

64.4 

64.3 

6a5 

61.9 

62.6 

.'>3.5 

60 

75 

167 

59.3 

59.1 

5a3 

56.2 

57.1 

45.8 

55 

68} 

155} 

54.2 

539 

53.3 

50.7 

51.7 

3a5 

50 

62^ 

144 

49.2 

48.8 

4a3 

45.3 

46.6 

32 

45 

56} 

133} 

44.0 

4a6 

4a4 

40.2 

41.2 

26.1 

40 

50 

122 

39.2 

38.6 

3a4 

35.1 

36.3 

20.5 

35 

431 

37} 

110} 

342 

33.6 

33.5 

30.3 

31.3 

15.9 

30 

99 

29.3 

2a7 

28.6 

25.6 

26.5 

11.2 

25 

31} 

88} 

24.3 

238 

238 

21.0 

21.9 

7.3 

20 

25 

77 

19.3 

ia9 

19.0 

16.5 

17.3 

4.1 

15 

18| 

65} 

14.4 

14.1 

14.2 

12.2 

12.8 

1.6 

10 

12| 

54^ 
43} 

9.5 

9.3 

9.4 

7.9 

a4 

0.2 

5 

4.7 

4.6 

4.7 

39 

4.2 

0.4 

0 

0 

32 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

—  o 

H 

20} 

-^9 

—4.1 

—10 

m 

H 

—7.7 

— ai 

, 

As  1  conader  these  results  of  Deluc  valu- 
ably in  so  far  as  they  enable  us  to  compare 
directly  the  expansions  in  glass  of  these  dif- 
ferent thermometric  liquids,  I  have  added  the 
two  columns  marked  Cent,  and  Fabr.  to  gi?e 
at  once  the  reductions  to  the  centigrade  and 
Fahrenheit  graduation,  llie  alcohol  was  of 
such  strength  that  iis  flame  kindled  gunpow-  ^ 
der,  and  it  was  found  that  the  results  were 
not  much  changed  by  a  small  difference  in 
the  strength  of  the  spirit.  The  brine  was 
water  saturated  with  common  salt 

M.  Biot,  in  the  first  volume  of  his  elabo- 
rate TraiU  tie  Phytique,  has  investigated 
several  empyrical  formulae,  to  represent  the 
laws  of  dilatation  of  the  different  fluids.  Tliey 


are  too  complex  for  a  work  of  this  nature. 
He  shows,  that  for  all  liquids  whose  dilata- 
tions have  been  liitherto  observed,  the  gene- 
ral march  of  this  dilatation  may  be  repre- 
sented at  every  terapemture  by  an  expression 

of  this  form,  /  =  af  -f-  bl*  -f-  cl^,  in  which 
t  denotes  the  temperature  in  degrees  of  the 
mercurial  thermometer;  a  b  c  constant  c0- 
efllcieniB,  which  depend  on  the  nature  of  the 

liquid ;  and  I  the  true  dilatation  for  the  vo- 
lume  1.0  from  the  temperature  of  melting 
ice.  We  shall  content  ourselves  with  giving 
one  example^  from  which  we  may  judge  of 
the  great  geometrical  resources  of  this  philo- 
sopher.    For  olive  oil  the  fonnula  becomes 
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^T  r=  0.95067  T  +  0.00075  T»  — 
0.000001667  T3. 

Tlic  following  table  gives  iu  results  com- 
pared with  experiment :— 


mercuria 

I.       Calculated. 

Observed. 

80° 

80® 

80° 

70 

69.64 

69.41 

60 

59.37 

59.3 

50 

49.2 

49.2 

40 

39.12 

89.2 

30 

29.15 

29.3 

20 

19.30 

19.3 

10 

9.58 

9.5 

0.0 

0. 

M.  Gay  Lussac  bas  lately  endeavoured  to 
discover  some  law  which  should  correspond 
with  the  rate  of  dilatation  of  d^ffererU  liquids 
by  beat  For  this  purpose,  instead  of  com- 
paring the  dilatations  of  different  liquids. 


above  or  below  a  temperature  uniform  for 
all,  he  let  out  from  a  point  variable  with  re- 
gard to  temperature,  but  uniform  as  to  the 
coheoon  of  the  particles  of  the  bodies ;  nam^ 
ly,  from  the  point  at  which  each  liquid  boils 
under  a  given  pressure.  Among  those  which 
he  examined,  he  found  two  which  dilate 
equally  from  that  point,  viz.  alcdbol  and  sul- 
phuret  of  carbon,  of  which  the  former  boils 
at  173. 140,  the  latter  at  115.9°  Fahr.  The 
other  liquids  did  not  present,  in  this  respect, 
the  same  resemblance.  Another  analogy  of 
the  above  two  liquids  is,  that  the  same  vo- 
lume of  each  gives,  at  its  boiling  point,  un- 
der the  same  atmospheric  pressure^  the  same 
volume  of  viq)our ;  or,  in  other  words,  that 
the  densities  of  their  vapours  are  to  each 
other  as  those  of  the  liquids  at  their  respec- 
tive boiling  temperatures.  The  following 
table  shows  the  results  of  this  distioguished 
chemist. 


Table  of  the  CorUractiofit  rf  1000  parU  m  volume^  by  cooling. 


Water. 

AloohoL 

Sulphuret  of  Caib. 

Ether. 

Omtnct 

Ditto 

Contract 

Ditto 

Contract 

Ditto 

Contract 

Ditto 

Boiling, 

bjexpc 

calculated. 

byexpt 

calculated. 

by  expt 

calculated. 

by  expt 

calculated. 

.    0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

—  50 

3.34 

3.35 

5.55 

5.56 

6.14 

6.07 

ai5 

ai6 

—10 

6.61 

6.65 

11.43 

11.24 

12.01 

12.08 

16.17 

16.01 

—15 

10.50 

9.89 

17.51 

17.00 

17.98 

17.99 

24.16 

2a60 

—20 

rai5 

iao3 

24.34 

23.41 

2a80 

23.80 

31.83 

30.92 

—25 

16.06 

16.06 

29.15 

2a60 

29.65 

29.50 

39.14 

3a08 

—30 

ia85 

ia9d 

34.74 

34.37 

35.06 

35.05 

46.42 

45.04 

—35 

21.52 

21.67 

40.28 

40.05 

40.48 

40.43 

52.06 

51.86 

—40 

24.10 

24.20 

45.68 

45.66 

45.77 

45.67 

5a  77 

58.77 

—45 

26.50 

26.52 

50.85 

51.11 

51.08 

50.70 

65.48 

65.20 

—50 

2a  56 

2a61 

56.02 

56.37 

56.28 

55.52 

72.01 

71.79 

-^-55 

30.60 

30.43 

61.01 

61.43 

61.14 

60.12 

7a38 

7a36 

—60 

32.42 

31.96 

65.96 

66.23 

66.21 

64.48 

—65 

34.02 

3ai9 

10.74 

70.75 

—70 

35.47 

34.09 

75.48 

74.93 

—75 

36.70 

34.63 

80.11 

7a  75 

1 

» 

Tlieir  respective  boiling  points  are,— 
Water,  -  100°     Cent.  =x  212<>  F. 

Alcohol,         -         7a41  173 

Sulphuret  of  oarb.     46.60  126 

Sulphuric  ether,        35.66  96 

The  experiments  were  mode  in  thermome^ 
ter  vessels  hermetically  sealed. 

Alcohol,  at  78.4 P  cent  prodnces  46a3, 
its  vol.  of  vapour. 

Sulphuret  of  carbon,  at  46.60°  cent,  pro- 
duces 491.1,  its  vol.  of  vi^pour.  ^ 

Ether,  at  35.66°  cent  produces  285.9,  its 
vol.  of  vapour. 

Water,  at  10aOO°  cent  produces  1633.1, 
its  vol.  of  vapour. 

In  solid  metals,  the  expansion  seems  to  be 
greater,  the  less  their  tenacity  and  density; 
though  to  this  genered  position  we  have 
striking  exceptions  in  antimony  and  bismuth, 


provided  they  were  accurately  measured  by 
Smeaton*s  apparatus,  of  which,  however,  I 
have  reason  to  doubt  The  least  flexure  in 
the  expanding  rods,  will  evidently  make  the 
expansions  come  out  too  small.  If  metallic 
dilatability  vary  with  some  unknown  func- 
don  of  density  and  tenacity,  as  is  probable  a 
priorU  we  would  expect  their  rate  of  expan- 
sion to  increase  with  the  temperature.  This 
view  coincides  with  the  following  results  of 
MM.  Dulong  and  Petit 


Expansioni  in 


0°  to  100®  cent  give 


:pansi 
bulk  of 
Iron.      Copk 

t 
TUT 


1 
9R9 


Temperatures  bj 
dilautloQofair. 

Plat 

I 

0^  to  300^  mean  quantity,  rfT   ttt   tJt 
Tripling  these  denominators,  we  have  the 
linear    expansions,    fractionally    expressed 
thus:»- 
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IKOD.    Cop.       Flat 
0»  to  100»  c«it.  ^   ^   ,^ 

0>  (o  300*  metn,         ^   y^   ,^ 

To  multiply  inductiTe  generalixations,  that 
is,  to  group  together  facts  which  have  lome 
important  qualities  common  to  them  all,  is 
the  main  scope  and  business  of  philosophy. 
But  to  imagine  phenomena,  or  to  twist  real 
phenomena  into  the  shape  suited  to  a  precon- 
oeiTed  constitution  of  things,  was  the  vice  of 
the  Peripatetic  schools,  wUch  Bacon  so  ad- 
mirably exposed ;  of  which  in  our  times  and 
studies,  according  to  MM.  Dulong  and  Fe- 
tit,  many  of  our  specubuions  on  the  laws  of 
beat  afford  a  striking  example. 

Mr  IXdton  has  the  merit  of  having  first 
proved,  that  the  expansions  of  all  aeriform 
bodies,  when  insulated  from  liquids,  are  uni- 
form  by  the  same  increase  of  temperature ; 
a  fiict  of  great  importance  to  practical  che- 
mistry, which  was  fully  verified  by  the  inde- 
pendent and  equally  original  researches  of 
M.  Gay  Lussac  on  the  subject,  with  a  more 
refined  and  exact  apparatus.  Both  of  these 
philosopher  demonstrated,  that  100  in  vo- 
lume at  3129  Fahr.  or  09  cent  becomes  1.375 
at  212^'  Fahr.  or  lOO^^  cent     Hence  the 

increment  of  bulk  for  each  degree  F.  u  -j^ 
as  (X002063  ^  ^ ;  and  for  the  centigrade 

acale  it  is  -^  ss  0.00375  =  ~.    Thus 

480  parts  in  volume  at  329  F.  become  at  609 
F.  460  4-  28  =  508;  and  at  120<^  F.  they 
become  460  -{-  88  =  568,  Hence  the  vo- 
lumes of  any  dry  gas  at  these  two  tempera^ 
tures  will  be  to  each  other  in  the  ratio  of 
i^.    For  example,  25  cubic  inches  at  120o 


F.  will  become  25  X  |§|  =  22.36  at  60<>. 
Or,  calling  the  volume  at  32^  unity,  ss 
1.00000,  it  will  become  1.05833  at  60^,  and 
L 18333  at  120^.    But  25  multipUed  by  the 


fraction 


1.0S8SS 


=s  22.36  as  before    I  have 


L18SS3 

constructed  a  new  tables  to  save  much  of  this 
arithmetical  operation,  which  will  be  found 
in  the  Appendix.  Vapours,  when  heated 
out  of  contact  of  their  respective  liquids,  obey 
the  same  law  as  gases ;  a  discovery  due  to 
M.  Gay  Lussac 

We  shall  now  treat  of  the  anomaly  pre- 
sented by  water  in  its  dilatations  by  change 
of  temperature^  and  then  conclude  this  part 
of  the  subject  with  some  practical  applica- 
tions of  the  preceding  facts. 

The  Florentine  academicians,  and  after 
them  Dr  Croune,  observed,  that  on  cooling 
in, ice  and  salt  the  bulb  of  a  thermometric 
^ass  vessel  filled  with  water,  the  liquid  pro- 
gressively sunk  in ,  the  stem  till  a  certain 
point,  after  which  the  further  progress  of  re- 
frigeration was  accompanied  by  an  ascent  of 
the  liquid,  indicating  expansion  of  die  water. 
This  curious  phenomenon  was  first  accurate- 
ly studied  by  M.  Deluc,  who  placed  the  ap- 
parent term  of  greatest  density  at  4/09  Fahr., 
and  considered  the  expanaon  of  water  from 
that  point,  to  vary  with  equal  amount,  by  an 
equal  diange  of  temperature^  whether  of  in- 
creaw  or  decrease.  Having  omitted  to  make 
the  requisite  correction  for  the  effect  of  the 
expanbion  of  the  glass  in  which  the  water 
was  contained,  it  was  found  afterwards  by  Sir 
Charles  Blagden  and  Mr  Gilpin,  who  intro- 
duced this  correction,  that  the  real  term  of 
greatest  density  was  39^  *F. 


The/oUotoing  Table  gives  their  ejc])erimeniat  results. 


Bp.  gravity. 

Bulk  of  water. 

Temperature. 

Bulk  of  water. 

9|>.  gravity. 

1.00000 

39^ 

1.00000 

1.00000 

1.00000 

38 

40 

I.OOOOO 

1.00000 

0.99999 

1.00001 

37 

41 

1.00001 

0.99999 

0.99998 

L00002 

36 

42 

1.00002 

0.99998 

0.99996 

1.00004 

35 

43 

1.00004 

0.99996 

0.99994 

1.00006 

34 

44 

1.00006 

0.99994 

0.99991 

1.00008 

83 

45 

1.00009 

0.99991 

0.99988 

1.00012    • 

32 

46 

1.00012 

0.99988 

By  weigliing  a  cylinder  of  copper  and  of 
glass  in  water  at  different  temperatures,  the 
maximum  density  comes  out  40*^  F.  Finally, 
Dr  Hope^  in  1804,  published  a  set  of  expe- 
riments in  the  Edin.  FhiL  Trans*  in  which 
Che  complication  introduced  into  the  ques- 
tion by  the  expansion  of  solids,  is  very  philo- 
sophiodly  removed.  He  shows  that  water, 
exposed  in  tall  cylindrical  vessels  to  a  fcees- 
ing  atmosphere,  precipitates  to  the  bottom  its 


colder  particles,  till  the  temperature  of  the 
mass  sinks  to  39.5°  F.  after  which  the  colder 
particles  are  found  at  the  surfiice.  He  varied 
the  form  of  the  experiment,  by  applying  a 
lone  of  ice  round  the  top,  middle,  and  bot- 
tom of  the  cylinders ;  and  in  each  case,  deli- 
cate thermometers,  placed  at  the  surfiice  and 
bottom  of  the  water,  indicated  that  the  tem- 
perature 39.5°,  coincided  with  the  maximum 
density.    We  may  therefore  regard  the  point 
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of  40^,  adopted  by  the  Firencb  in  fettling  to  the  tonid  zone^  wofuld  form  a  permanent 

tlieir  standard  of  weights  and  measures,  as  gas.    llie  same  transitions  are  familiar  to  tts 

sufficiently  exact.  with  regard  to  water,  only  its  ▼aporlang  point, 

The  force  with  which  solids  and  liquids  being  much  higher,  leads  us  at  first  to  suppose 
expand  or  contract  by  heat  and  cold,  is  so  steam  an  unnatural  condition.  But  by  gener- 
prodigiously  great  as  to  overcome  the  strong-  alizing  our  ideas  we  learn,  that  there  is  really 
est  obstacles.  Some  years  ago  it  was  ob-  no  state  of  bodies  which  can  be  called  more 
serred  at  the  Conservatoire  det  Arts  et  Metiers  natural  than  another.  Solidity,  liquidity,  the 
at  Paris,  that  the  two  side-walls  of  a  gallery  state  of  Tapours  and  gases,  are  only  accidents 
were  receding  from  each  other,  being  pressed  connected  with  a  particuUur  lerel  of  tempers- 
outwards  by  the  weight  of  the  roof  and  floors,  ture.  If  we  pass  the  easily  condensed  vapour 
Several  boles  were  made  in  each  of  the  walls,  of  nitric  acid  through  a  red-hot  glass  tube,  we 
opposite  to  one  another,  and  at  equal  dis-  shall  convert  it  into  gases  which  are  inconden- 
taooes,  through  which  strong  iron  bars  were  sable  by  any  degree  of  cold  which  we  can  corn- 
introduced,  so  as  to  traverse  the  chamber,  mand.  The  particles  vrhichibrmed  the  liquid 
^eir  ends  outside  of  the  wall  were  furnish-  can  no  longer  join  together  to  reproduce  it, 
ed  with  thick  iron  discs  firmly  screwed  on.  because  their  distances  are  changed,  and  with 
These  were  sufficient  to  retain  the  walls  in  these  have  also  changed  the  reciprocal  attrac- 
tfaeir  actual  position.  But  to  bring  them  tions  which  united  Ihem. 
nearer  together  would  have  surpassed  every  Were  our  planet  removed  much  Airther 
eflbrt  of  human  strength.  All  the  alternate  from  the  sun,  liquids  and  gases  would  solidify; 
bars  of  the  series  were  now  heated  at  once  by  were  it  brought  nearer  that  luminary,  the 
lamps,  in  consequence  of  which  they  were  bodies  which  appear  to  us  the  most  solidf 
elongated.  Hie  exterior  discs  being  thus  would  be  reduced  into  thin  invisible  air. 
freed  from  contact  of  the  walls,  permitted  We  see  then,  that  the  principle  of  heat,  what- 
tfaem  to  be  advanced  farther  on  the  screwed  ever  it  may  be,  whether  matter  or  quality, 
ends  of  the  bars.  On  removing  the  lamps,  separates  the  particles  of  bodies  when  its 
the  bars  cooled,  contracted,  and  drew  in  the  energy  augments,  and  suffere  them  to  ap- 
opposite  walls.  The  other  bars  became  in  proach  when  its  power  is  enfeebled.  By 
consequence  loose  at  their  extremities,  and  extending  this  riew,  it  has  been  drawn  into 
permitted  their  end  plates  to  be  further  screw-  a  general  conclusion,  that  this  principle  was  . 
ed  on.  Ilie  first  series  of  bars  being  again  itself  the  force  which  maintains  the  particles 
heated,  the  above  process  was  repeated  in  each  of  bodies  m  equUibno,  against  the  effort  of 
of  its  steps.  By  a  succession  of  these  experi-  their  reciprocal  attraction,  which  tends  con- 
ments  they  restored  the  vralls  to  the  perpendi-  tinually  to  bring  them  together.  But  al- 
cular  position;  and  could  easily  have  reversed  though  this  conclusion  be  extremely  pro- 
their  curvature  inwards,  if  they  had  chosen,  bable,  we  must  remember  that  it  is  bypothe- 
Hie  gallery  still  exists  with  its  bars,  to  attest  tical,  and  goes  further  than  the  facts.  We 
the  ingenuity  of  its  preserver,  M.  Molard.  Bee  that  the  force  which  balances  attractKm 

2d,  Of  the  change  of'  state  produced  in  in  bodies,  may  be  favoured  or  opposed  by  the 

bodies  by  caloric,  independent  £/*  change  of  principle  of  beat ;  but  this  does  not  necea- 

con^sition.     The  three  forms  of  matter,  the  sarily  prove  that  these  forces  are  of  tlie  same 

solid,  liquid,  and  gaseous,  seem  immediately  nature. 

referable  to  the  power  of  heat,  modifying.         The  instant  of  equilibrium  which  separates 

balancing,  or  subduing  cohesive  attraction,  the  solid  from  the  liquid  stated  deserves  consi- 

In  the  article  ^lEoicptp^  we  have  shown,  that  deration.    Whatever  may  be  the  cause  and  law 

every  solid  may  be  liquefied,  and  many  of  of  the  attractions  which  the  particles  exercise 

them,  as  well  as  all  liquids,  may  be  vaporized  on  one  another,  the  effect  which  results  ought 

at  a  certain  elevation  of  temperature.     And  to  be  modified  by  their  forms.    When  all  the 

conversely,  almost  every  known  liquid  may  be  other  qualities  are  equal,  a  particle  which  may 

solidified  by  the  reduction  of  its  temperature,  be  cylindrical,  for  example,  will  not  exercise 

If  we  have  not  hitherto  been  able  to  convert  the  same  attraction  as  a  sphere,  on  a  point 

the  air  and  all  other  elastic  fluids  into  liquids  placed  at  an  equal  distance  from  its  centre  of 

fx  solids,  it  is  probably  owing  to  the  limited  gravity.     Thus,  in  the  law  of  celestial  gravi- 

power  we  possess  over  thermometric  depres-  tation,  the  attraction  of  an  ellipsoid  on  an  ex- 

aion.     But  we  know,  that  many  gases  may  terior  point  will  be  stronger  in  the  direction  of 

be  liquefied  by  mechanical  approximation  of  ita  smaller  than  in  that  of  its  larger  axis,  at 

their  ehntic  particles,  as  also  by  cold,  which  the  same  distance  from  ita  surfiKew     Now, 

must  conrince  us  that  their  gaseity  is  inti-  whatever  be  the  law  ofattractions  which  holds 

mately  dependent  on  the  operation  of  that  together  the  particles  of  bodies,  similar  dtflTer- 

repulsive  power.  encea  must  exist     These  particles  must  be 

Sulphuric  ether,  always  a  liquid  in  our  cli-  attracted  more  strongly  by  certain  sides  than 

mate,  if 'exposed  to  the  rigoura  of  a  Siberian  by  others.    Thence  must  mult  differences  in 

frinter  would  become  a  solid,  and  transported  the  manner  of  their  arrangement,  when  they 
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'«i«  siifluieiMly  ttp^anbaated  for  tbcif  attrac- 
tiow  t0  overcome  the  repulrive  power.  This 
«i|»]aiBs  to  us*  ia  a  very  probable  manner,  the 
TCjguJar  cryGtallizadon  which  roost  solid  bodies 
.assume  when  they  concrete  undisturiied.  We 
joay  easily  ONSceive  how  the  different  sub- 
fttaacB  of  the  particles,  as  well  as  their  differ- 
eat  forms,  may  produce  in  crystals  all  the 
varieties  which  we  observe. 

l)ie  system  of  the  world  presents  magni6^ 
oeot  effects  of  this  attraction  dependent  on 
figure.  Such  are  the  plienomeoa  of  nutation 
juad  the  procession  of  the  equinoxes,  produced 
by  the  attractions  of  the  sun  and  moon  on  the 
flattened  spheroid  of  the  earth.  Thesesublime 
phenomena  would  not  have  existed  had  the 
«afth  been  a  sphere :  they  are  connected  with 
its  ohlateness  and  rotation,  in  a  manner  which 
may  be  mathematiodly  deduced,  and  subjected 
to  calculation. 

But  the  investigation  shows,  that  this  part 
of  the  attraction  dependent  on  figure,  de- 
creases more  rapidly  tluin  the  principal  force, 
llie  latter  diminishes  as  the  equare  of  the 
distance ;  the  part  dependent  on  figure  di- 
minishes as  the  cube  of  the  distance.  Thus 
al«>^  in  the  attractions  which  bold  the  parts 
of  bodies  united,  we  ought  to  expect  an 
.analogous  diiference  to  occur.  Hence  the 
fs^cw  of  crystsllization  may  be  subdued,  be- 
fore  the  principal  attractive  force  is  over- 
come. When  the  particles  are  brought,  to 
Ibis  distance,  they  will  be  indifferent  to  all 
the  positions  which  they  can  assume  round 
tbeir  centre  of  gravity :  this  will  constitute 
the  liquid  condition.  Suppose  now,  that  the 
temperature  falling,  the  particles  apiMoach  « 
slowly  to  each  other,  and  tend  to  solidify 
anew;  then  the  forces  dependent  on  their 
figure  will  come  again  into  play,  and  in  pro- 
portioo  as  they  increase,,  the  particles  soli- 
cited by  these  forces  will  take  movements 
round  their  centres  of  gravity.  Tbey  will 
torn  towards  each  other  their  (aces  of  great- 
est attraction,  to  arrive  finally  at  the  positions 
which  their  crystallization  demands.  Now, 
according  to  the  figure  of  the  particles,  we 
may  conceive  that  these  movements  may  re- 
act on  their  centre  of  gravity,  and  cause  them 
to  approach  or  recede  gradually  from  each 
other,  till  they  finally  give  to  their  assem- 
.  blage  the  volume  due  to  the  solid  state ;  a 
volume  which  in  certain  cases  may  l>e  greater, 
and  in  others  smaller,  than  that  which  they 
..occupied  as  liquids.  Iliese  mechanical  con- 
Kiderations  thus  explain,  in  the  most  probable 
and  satisfactory  manner,  the  dilatations  and 
c^otnctioos  of  an  irregular  kind,  which  cer- 
.  t^n  liquids,  such  as  water  and  mercury,  ex- 
perience on  approaching  the  term  of  their 
'  congelation.  Having  given  these  general 
views,  we  may  now  content  ourselves  with 
stating  the  facts  as  much  as  possible  in  a 
tebular  form. 


TABLE  0^  ik$  Cama^etng  or  Congealing 
TempenOiym  of  various  Liquid*  ^  Vab^ 


Sulphuric  ether. 
Liquid  ammonia, 
Nitric  acid,  ep,  gr. 
Sulphuric  acidt  sp.  gr. 
Mercury, 

Nitric  acid,  sp.  gr. 
Sulphuric  aciid, 
Nitric  acid. 

Do.  -  - 

Do.  -         - 

Brandy, 
Sulphuric  acid. 
Pure  prussic  acid* 
Common  salt,  25  -f-  water  75 


—  46*' 

1.424   _45.5 
1.6415'- 45 
— >  39 
1.407    —30.1 
1.8064  —  26 
1.3880—18.1 
L2583  —  17.7 
1.3290  —  2:4 

—  7.0 
1.8376  +  1 

4to5 


Do.       22.2  -f  do.     77.8 
Salammomac,20-{-do.     80 
C.  salt,  20  -f  do.     80 

Do.  l&l-fda     83.9 

Oil  of  turpentine, 
Strong  wines,        ... 
Rocfaelle  salt,  50  -{-  water  50 
C.  salt,  10  4-  <io*     ^ 

Oil  of  bergamot,        ... 
Blood,        .         .         .  - 

C  salt,         &2o  +  water  9a75 
£pa.sBlUi,  41.6    +do.     5a4 
Nitre,         12.5    -f  do.     87.5 
C.  salt,         4<.16  4-<lo.     95.84 
Copperas,   41.6    -|- da     58.4 
Vinegar,         ,         -        -        - 
Sul.ofanc,53.3  4-da     46.7 
Milk, 

Water,  ... 

Olive  oil,  -  -  - 

Sulphur  and  phosphorus,  equal  parts. 
Sulphuric  acid,  sp.  gr.  1.741 
Da  da       1.780 

Oil  of  anise,  ... 

Concentrated  acetic  add, 
Tallow,  Dr  Thomson, 
Pboephorus,        .  .         - 

Stearine  from  hog*s  lard. 
Spermaceti,         ... 
Tallow,  Nicholson, 
Margaric  acid,        ... 
Potassium,        .... 
Yellow  wax,         .         -         - 

Do 

White  wax,  ... 

Sodium,         .... 
Sulphur,  Dr  Thomson, 

Do.      Dr  Hope, 
Tin,  -  .  .  - 

Bismutli,  ... 

Iiead,  ..... 

Zinc,  by  Sir  11.  Davy, 
Do.         Brongoiart, 
Antimony,         -         -         -    . 

See  PYaOMET£E  for  higher  iieats. 

Tlie  solidifying  temperature  of  the  bodies 
abovt;  tallow,  in  the  table,  is  usually  called 


4 

7.2 
8 
9.5 

ia5 

14 

20 

21 

21.5 

23 

25 

25.5 

25.5 

26 

27.5 

28 

28 

2a6 

.% 

32 

36 

40 

42 

46 

50 

50 

92 
108 
109 
112 
127 
134 
136.4 
142 
149 
155 
194 
218  . 
234 
442 
476 
612 

680  : 

698 
809? 
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tfadr  freeziiig  or  congealing  point;  and  of 
tallow  and  the  bodies  below  it,  the  fusing  or 
melting  point.  Now,  tbough  these  tempera- 
tures be  stated,  opposite  to  some  of  the  articles, 
io JractioHt  of  a  thermometric  d^^ree,  it  must 
be  obsenrdd,  that  Tarious  circumstances  modify 
the  concreting  point  of  the  liqpids  through 
teveral  degrees ;  but  the  liquefying  points  of 
the  same  bodies,  when  once  solidified,  are 
uniform,  and  fixed  to  the  preceding  tempera- 
tures. 

The  preliminary  remarks  which  we  offered 
on  the  forces  concerned  in  tlie  transition  from 
liquidity  to  solidity,  will  in  some  measure  ex- 
plain these  Tariations ;  and  we  shall  now  il- 
lustrate them  by  some  instructiTe  examples. 

If  we  fill  a  narrow-mouthed  matrass  with 
newly  distilled  water,  and  expose  it  very  gra- 
dually to  a  temperature  considerably  below 
3129,  the  liquid  water  will  be  observed,  by  the 
thermometer  left  in  it,  to  have  sunk  10  or  11 
degrees  below  its  usual  point  of  congelation. 
M.  Gay  Lussac,  by  covering  the  surface  of 
the  water  with  oil,  has  caused  it  to  cool  21f 
degrees  Fahr.  below  the  ordinary  freezing 
temperature.  Its  volume  at  the  same  time 
expanded  as  much  as  if  it  had  been  heated 
21^  degrees  above  32^.  According  to  Sir 
Charles  Blagden,  to  whom  the  first  oi  these 
t^o  observations  belongs,  its  dDatation  may 
amount  to  l-7th  of  the  total  enlargement  which 
it  receives  by  solidifying.  Absolute  repose 
of  the  liquid  particles  is  not  necessary  to  en- 
sure the  above  phenomenon,  for  Sir  Charies 
stirred  water  at  2P  without  causing  it  to 
freeze;  but  tlie  least  vibration  of  their  mass, 
or  the  application  of  icy  spiculae  by  the  atmo-  • 
sphere,  or  the  hand,  determines  an  instanta- 
neous congelation^ 

We  may  remark  here,  that  the  dilatation  of 
the  water  increasing  as  it  cools,  but  to  a  less 
detent  than  when  it  concretes,  is  a  proof  that 
its  constituent  particles,  in  obedience  to  the 
cooling  process,  turn  their  poles  more  and 
more  towards  the  position  of  the  maximum 
attraction  which  constitutes  their  solid  state. 
But  this  position  may  be  determined  instan- 
taneously by  the  ready  formed  aqueous  solid, 
the  particles  of  which,  presenting  themselves 
to  those  of  the  liquid  by  their  sides  of  greatest 
attraction,  will  compel  them  to  turn  into  simi- 
lar positions.  Then  the  particles  of  the  liquid 
first  reverted  will  act  on  their  neighbours  like 
the  exterior  crystal,  and  thus  from  point  to 
point  the  movement  will  be  propagated  through 
the  whole  mass,  till  all  be  congealed,  llie 
vibratory  movement  acts  by  throwing  the  pai^ 
tides  into  positions  favourable  for  their  mu^ 
tual  attraction. 

The  very  same  phenomena  occur  with  sa- 
line solutions.  If  a  hot  saturated  solution  of 
Glauber's  salt  be  cooled  to  50°  under  a  film 
of  oil,  it  will  remain  liquid,  and  will  bear  to 
be  moved  about  in  the  hand  without  any 
rbange;  but  if  the  phial  containing  it  be 


placed  on  a  vibrating  taUe^  crystallixation  will 
instantly  take  places  In  a  paper  on  saline 
crystallization,  which  I  published  in  the  9th 
number  of  the  Journal  of  Sciehce,  I  gave  the 
following  illustration  of  the  above  phenomena. 
*^  The  effect  of  mechanical  disturbance  in  de- 
termining crystallization,  is  illustrated  by  the 
symmetrical  disposition  of  particles  of  dust  and 
iron,  by  electricity  and  mi^etism.  Strew 
these  upon  a  plane,  and  present  magnetic  and 
electric  forces  at  a  certain  distance  from  it; 
no  effect  will  be  produced.  Communicate 
to  the  plane  a  vibrating  movement ;  the  par- 
tides,  at  the  instant  of  being  liberated  from 
the  friction  of  the  surface,  will  arrange  them- 
selves according  to  the  laws  of  their  respective 
magnetic  or  electric  attractions.  Hie  water 
of  solution,  in  counteracting  solidity,  not  only 
removes  the  particles  to  distances  beyond  the 
sphere  of  mutual  attraction,  but  probably  also 
inverts  their  attracting  poles.  Perhaps  the 
term  avert  would  be  more  appropriate  to  liqui- 
dity, to  denote  an  obliquity  of  direction  in 
the  attracting  poles ;  and  revert  might  be  ap- 
plied to  gaseity,  when  a  repulsive  state  suc- 
ceeds to  the  feebly  attractive  powers  of  liquid 
particles." 

The  above  table  presents  some  interesting 
particulars  relative  to  the  acids.  I  have  ex- 
pressed their  strengths,  by  spedfic  gravity, 
from  my  tables  of  the  adds,  instead  of  by  the 
quantity  of  marble  which  1000  grains  of  them 
could  dissolve^  in  the  original  statement  of 
Mr  Cavendish.  Under  the  heads  of  Aero 
(Nitric)  and  Equivalent,  some  observa- 
tions will  be  found  on  these  peculiarities  with 
r^ard  to  congelation.  We  see  that  com- 
mon salt  possesses  the  greatest  eflicacy  in 
counteracting  the  congelation  of  water;  and 
next  to  it,  sal  anunoniac.  Mr  Crighton,  of 
Glasgow,  whose  accuracy  of*  observation  is 
well  known,  has  remarked,  that  when  a  mass 
of  mdted  bismuth  cools  in  the  air,  its  tem^ 
perature  falls  regularly  to  468S  from  whidi 
tmn  it  however  instantly  springs  up  to  470°, 
at  which  point  it  remains  till  the  whole  be 
consolidated.  Tin  in  like  manner  sinks,  and 
then  rises  4  degrees ;  while  melted  lead,  in 
cooling,  becomes  stationary  whenever  it  de- 
scends to  612^.  We  shall  presently  find  the 
probable  cause  of  these  curious  phenomena. 

Water,  all  crystallizable  solutions,  and  the 
metals,  bismuth  and  antimony,  expand  in 
volume  at  the  instant  of  solidification.  Hie 
greatest  obstacles  cannot  resist  the  exertion 
of  this  expansive  force.  Thus  glass  bottles, 
trunks  of  trees,  iron  and  lead  pipes,  even 
mountain  rocks,  -are  burst  by  the  diktation  of 
the  water  in  their  cavities,  when  it  is  convert- 
ed into  ice.  In  the  same  wayour  pavements 
are  raised  in  winter.  Major  Williams,  of 
Quebec,  burst  bombs,  which  were  filled  with 
water  and  plugged  up,  by  exposing  them  to 
a  freezing  cold.  The  beneficial  operation  of 
this  cause  is  exemplified  in  the  comminution 
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or  Jootening  the  texture  cf  deme  day  loils 
by  the  winter's  froat,  whereby  the  delicate 
fibres  of  plants  can  easily  penetrate  them. 

There  is  an  important  drcmsstance  occurs 
in  the  preceding  experiments  on  the  sudden 
congektion  of  a  body  kept  liquid  below  its 
usual  congealing  temperature,  to  which  we 
must  now  adTert.     The  mass,  at  the  moment 
iAs  crystallization  commences,  rises  in  tempe- 
EBture  to  the  term  marked  in  the  preceding 
tables,  whatever  number  of  degrees  it  may  have 
previously  sunk  below  it.     Suppose  a  globe 
of  water  suspended  in  an  atmosphere  at  21^ 
F. ;  the  liquid  vnll  cool  and  remain  stationary 
at  this  temperature,  till  vibration  of  the  ves- 
sel, or  contact  of  a  qMCula  of  ice^  determines 
its  concretioD,  when  it  instantly  becomes  1 1 
degrees  fiotter  than  the  surrounding  medium. 
We  owe  the  explanation  of  this  fact,  and  its 
extettsiaa  t6  many  analogous  chemical  phe- 
nomena, to  the  sagacity  of  Dr  Black.     His 
truly  philosophical  mind  was   particularly 
•truck  by  the  slowness  with  which  a  mass  of 
ice  liquefies  when  placed  in  a  genial  atmo- 
sphere.    A  lump  of  ice  at  229  freely  suspen- 
ded in  a  room  heated  to  50^,  which  will  rise 
to  32^  in  5  minutes,  will  take  14  times  5,  or 
70  minutes,  to  melt  it  into  water,  whose  tem- 
perature will  be  only  329.     Dr  Black  sus- 
pended in  an  apartment  two  glass  globules 
of  the  same  size  alongside  of  each  other,  one 
<if  which  was  filled  with  ice  at  32*^,  the  other 
with  water  at  33^.     In  half  an  hoiir  the  water 
bad  risen  to  40°;  but  it  took  10^  hours  to 
liquefy  the  ice  and  heat  die  resulting  water  to 
40^.     Both  diese  experiments  concur  there- 
fore in  shovring,  that  the  fusion  of  ice  is  ac- 
companied mSi  the  expenditure  of  140  de- 
grees of  calorific  energy,  which  have  no  effect 
OB  the  .thermometer.     For  the  first  experi- 
ment tells  us  that  10  d^prees  of  heat  entered 
die  ice  in  the  space  of  5  minutes,  and  yet  14 
times  that  period  passed  in  its  liquefaction. 
The  second  experiment  shows  that  7  degrees 
of  heat  entered  the  globes  in  half  an  hour; 
but  21  half-<hours  were  required  for  the  fusion 
of  the  ice,  and  for  heating  of  its  water  to  40°. 
If  from  the  product  of  7  into  21  ^  147,  we 
subtract  the  7  d^prees  which  the  water  was 
above  33,  we  have  140  as  before.     But  the 
most  simple  and  decisive  experiment  is  to 
mingle  a  pound  of  ice  in  small  fragments 
with  a  pound  of  water  at  172°.     Its  lique- 
laction  is  instantly  accomplished,  but  the  tem- 
perature of  the  mixture  is  only  32°.     There- 
lore  140°  of  heat  seem  to  have  disappeared. 
Had  we  mixeid  a  pound  of  ice-cold  water  with 
a  pound  of  water  at  172°,  the  resulting  tem- 
perature would  have  been  102°,  proving  that 
the  70°  which  had  left  the  hotter  portion, 
were  manifestly  transferred  to  diat  which  was 
cooler.     The  converse  of  the  preceding  ex- 
periments may  also  be  demonstrated ;  for  on 
suspending  a  flask  of  water,  at  35°  for  exam- 
ple, .in  an  atmosphere  at  20°,  if  it  cool  to  32° 


in  3  minutes,  it  will  tske  140  minutes  to  be 
converted  into  ice  of  32° ;  because  the  heat 
emanating  at  the  rate  of  1°  per  minute,  it  will 
require  that  time  for  140°  to  escape.  The 
latter  experiment,  however,  from  the  infoior 
conducting  power  of  ice,  and  the  uncertainty 
when  all  is  frozen,  is  not  susceptible  of  the 
precision  which  the  one  immediately  preced- 
ing admits.  The  tenth  of  140  is  obviously 
14;  and  hence  we  may  infer,  that  when  a 
certain  quantity  of  water,  cooled  to  22°,  or 
10°  below  32^,  is  suddenly  caused  to  congeal, 
l-14th  of  the  weight  will  become  solid. 

We  can  now  understand  how  the  thaw  which 
supervenes  after  an  intense  frost,  should  so 
slowly  melt  the  wreaths  of  snow  and  beds  of 
ice ;  a  pb^iomenon  observable  in  these  latil 
tudes  from  the 'origin  of  time,  but  whose 
explanation  was  reserved  for  Dr  Black.     In- 
deed, had  the  transition  of  water  from  its  solid 
into  its  liquid  state  not  been  accompanied  by 
this  great  change  in  its  relation  to  heat,  every 
thaw  would  have  occasioned  a  frightful  inun- 
dation, and  a  single  night's  frost  would  have 
solidified  our  rivers  and  lakes.     Neither  ani- 
mal nor  vegetable  life  could  have  subsisted  un- 
der such  sudden  and  violent  transitions.    Mr 
Cavendish,  whohad  discovered  the  above  fact 
before  he  knew  of  its  being  inculcated  by  Dr 
Black  in  his  lectures,  states  the  quantity  of 
heat  which  ice  seems  to  absorb  in  its  fusion 
to  be  150° ;  Lavoisier  and  Laplace  make  it 
135°;  a  number  probably  correct,  from  the 
pains  they  took  in  constructing  on  this  basis 
their  calorimeter.     The  fixity  of  the  melting 
points  of  bodies  exposed  to  a  strong  heat  need 
no  longer  surprise  us ;  because  till  the  whole 
mass  be  melted,  the  heat  incessantly  intro- 
duced is  wholly  expended  in  constituting 
liquidity,  without  increasing  the  temperature. 
We  can  also  comprehend  how  a  h'quid  metal, 
a  saline  solution,  or  water,  should  in  the  career 
of  refrigeration  sink  below  the  term  of  its 
congelation,   and  suddenly  remount  to  it 
Those  substuices,  in  which  the  attractive  force 
that  reverts  the  poles  into  the  solid  arrange- 
ment acts  most  slowly  or  feebly,  will  most 
readily  permit  this  depression  of  temperature, 
before  liquidity  begins  to  cease.     Thus  bis-* 
muth,  a  brittle  metal,  takes  8°  of  cooling 
below  its  melting  point,  to  determine  its  soli- 
dification ;  tin  tiikes  4° ;  but  lead  passes  so 
readily  into  the  solid  arrangement  that  its  cool- 
ing is  at  once  arrested  at  its  fusing  tempera- 
ture.    In  illustration  of  this  statement  we 
may  remark,  that  the  particles  of  bismuth  and 
tin  lose  their  cohesive  attraction  in  a  great 
measure  long  before  they  are  heated  to  the 
melting  point;  though  lead  continues  rela- 
tively cohesive  till  it  begins  to  melt.     Tin 
may  be  easily  pulverized  at  a  moderate  eleva- 
tion of  temperature,  and  bismuth  in  its  cold 
state.     The  instant,  however,  that  these  two 
metals,  when  melted,  begin  to  congeal,  they 
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rise  tD  the  proper  Aiting  temperature,  because 
the  caloric  of  tiqnidity  is  then  disengaged. 

Dn  Irvue^  fiitberand  son,  to  both  of  whom 
the  science  of  heat  is  deeply  indebted,  inves- 
tigated the  proportion  of  caloric  disengaged 
by  sereral  other  bodies  in  their  passage  from, 
Che  liquid  to  the  solid  states  and  obtained  the 
IbUowing  results :-— 

Crforlcfliquldi^.     ^^^^^^^ 

Sulphur,  14a68  27.14 

Spermaceti,  145. 

Lead,  162.  5.6 

Bees*  wax,  175. 

Zinc,  49a  48.3 

Tin,  500.  aa 

Bismuth,  550.  23,25 

The  quantities  in  the  second  eolunin  are 
the  degrees  by  which  the  temperatures  of 
eadi  of  the  bodies,  in  its  solid  state,  would 
haye  been  raised  by  the  heat  disengaged  dur- 
ing its  concretion.     An  exception  must  be 
made  for  wax  and  spermaceti,   which  are 
supposed  to  be  in  the  fluid  state  when  indi- 
cating the  above  elevation.     Dr  Black  ima- 
gined that  the  new  relation  to  heat  which  so- 
lids acquire  by  liquefaction,  was  derived  from 
the  absorption,  and  intimate  combination,  of 
a  portion  of  that  fluid,  which  thus  employing 
all  its  repulsive  eneigies  in  subduing  the  stub- 
bom  force  of  cohesion,  ceased  to  have  any 
thermometric  tension,  or  to  be  perceptible  to 
our  senses.     He  termed  this  supposed  quan- 
tity of  caloric,  their  Uuent  heat;  a  term  very 
convenient  and  proper,  while  we  regard  it 
simply  as  expresdng  the  relation  which  the 
calorific  agent  bears  to  the  same  body  in  its 
fluid  and  sdid  states.     To  the  presence  of  a 
certain  portion  of  latent  or  combined  heat  in 
solids,  Dr  Black  ascribed  their  peculiar  de- 
grees of  softness,  toughness,  malleability.  Tims 
we  know  that  the  condensation  of  a  metal  by 
the  hammer,  or  under  the  die,  never  fails  to 
render  it  britde,  while,  at  the  same  times,  heat 
is  disengaged.      BerthoUet  sut^ectsd  equal 
pieces  of  copper  and  silver  to  repeated  strokes 
of  a  fly  press.     Hie  elevation  of  their  tem- 
perature, which  was  considerable  by  the  first 
.  blow,  diminished  greaUy  at  each  succeeding 
one,  and  became  insensible  whenever  the  con- 
densation of  volume  ceased.    The  copper  suf- 
•fored  greatest  condensation,  attdev6lved  most 
heat.     Here  the  analogy  df  a  sponge,  yield- 
ing its  water  to  pressure,  has  been  employed 
to  illustrate  the  materiality  of  heat  suppcwed 
deducible  from  these  experiments.     But  the 
phenomenon  may  be  referred  to  the  intestine 
actions  between  the  ultimate  particles,  whidi 
must  accompany  the  vicdent  dislocation  of 
tiieir  attracting  poles.     The  cohesiveness  of 
the  metal  is  greatiy  impaired. 

The  enlarged  eapacity  for  heat,  to  use  the 
popular  expression,  which  solids  acquire  in 
liquefying,  enables  us  to  understand  and 
apply  the  process  of  artificial  cooling,   by 


what  are  odled  freedi^  rainura^  Wbao 
two  solids,  such  as  ice  and  salt,  by  tbeil 
reciprocal  affinity  give  birth  to  a  liquid, 
then  a  very  great  demand  for  heat  is  made 
on  the  suiToundii;^  bodies^  or  they  are  pow* 
erf  ully  stripped  of  their  heatf  and  Iheir  teaor 
perature  sinks  of  course.  Pulyerulent  snow 
and  salt  mixed  at  32^,  will  produce  a  depres.^ 
sion  of  the  thermometer  plunged  into  *i»it^ 
of  about  38P,  The  more  rapid  the  liquefiic- 
tion,  the  greater  the  cold.  Hence  the  pam* 
doxical  experiment  of  setting  a  pan  on  the  fire^ 
containing  the  above  freesing  mixture^  with  a 
small  vessel  of  water  plunged  into  it  In  a 
&w  seconds  the  water  wiU  be  found  to  be 
(rosen.  The  solution  of  all  crystallised  salts 
is  attended  with  a  depression  of  terapetatufe^ 
which  increases  generally  with  the  Wuhility 
of  the  salt. 

The  Table  of  Freezing  Mixtures  in  (he 
Appendix,  presents  a  copious  choice  of  such 
means  of  refrigeration.  Equal  parts  of  sal 
ammoniac  and  nitre,  in  powder,  foqn  the 
most  convenient  mixture  for  procuring  mo- 
derate refrigeration;  because  the  water  of 
solution  being  afterwards  removed  by  evapor 
ration,  the  pulverized  salts  are  eqtuilly  eflica- 
dous  as  at  first  Under  the  articles  Cli- 
mate, Congelation,  Temferatcjre,  Theju 
MOM£T£B,  and  Wat£b,  some  additional  facts 
will  be  found  on  the  present  subject 

But  the  diminution  of  tempenduie  by 
liquefiiction  is  not  confined  to  saline  bodies. 
When  a  solid. amalgam  of  bismuth,  and  a 
solid  amalgam  of  lead,  are  mixed  together, 
they  become  fluid,  and  the  thermometer  sinks 
during  the  time  of  their  action. 

According  to  Dobereiner,  if  1 18  grains  of 
tin  filings,  207  of  lead  filings,  and  284  grains 
of  pulverized  bismuth  (the  oonstituepts  of  his 
fusible  metal),  be  incorporated  in  a  dish  of  ca- 
lendered paper,  with  161.6gniins  of  mercury, 
the  temperature  instantiy  sinks  from  6&*  to 
14^.  He  thinks  that  it  would  sink  even  so 
low  as  the  freezing  point  of  mercury,  were  the 
experiment  performed  in  a  temperature  somfw 
what  under  329, 

In  like  manner,  wlien  816  grains  of  amal- 
gam of  lead  (404  mercury  +  412  lead)  were 
mixed,  iu  «  temperature  of  68S  wiUi  688 
grsins  of  the  amalgam  of  bismuth  (404  mer- 
cury -|-  284  bismuth),  the  temperature  sud- 
denly fell  to  30^,  and  by  tiie  addition  of  808 
grains  of  mercury  (also  at  68*^),  it  became  as 
low  as  1 7<^,  the  total  depression  being  therefore 
510.— .^nn.  ofPftiL  N.  &  ix,  389. 

ITie  equilibrium  between  the  attractive  and 
repulsive  forces,  which  constitutes  the  liquid 
condition  of  bodies,  is  totally  subverted  by 
a  definite  elevation  of  temperature^  when  the 
external  compressing  forces  do  not  vary, 
llie  transition  from  Uie  liquid  state  into 
that  of  elastic  fluidity,  is  usually  aooooou 
panied  with  certain  explosive  movements, 
termed  ebullition.     The  peculiar  tempera^- 
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tan  aft  wfatcfa  dBferent  liqiuds  uodogo  tliu 
dMUigB,  is  tfierdbfe  called  their  bofling  poiiit ; 
and  liw  icsultiDg  elastic  fluid  is  ternied  a 
iMqMW,  to  diadngttish  it  from  a  gat,  a  sain 
stance  permaiieDtly  elastic^  and  not  conden- 
sable^ as  vapoun  are,  by  moderate  degrees  of 
refrigeration.  It  is  evident  that  when  the 
attracttre  forces,  however  feeble  in  a  liquid, 
are  supplanted  by  strong  repuktve  powers, 
the  distances  between  the  particles  must  be 
greatly  enlai^ged.  llius  a  cubic  inch  of 
water  at  40^  becomes  a  cubic  inch  and  l-85tb 
on  the  veige  of  812^,  and  at  212^  it  is  con- 
verted into  1694  cubic  inches  of  steam.  Hie 
existence  of  this  stesm  indicates  a  balance 
between  its  elasdc  force  and  the  pressure  of 
the  atmosphere.  If  the  latter  be  increased 
beyond  its  avenge  quantity  by  natural  or 
artificial  means,  then  the  eksticity  of  the 
steam  will  be  partially  overcome,  and  a  por- 
tion of  it  wUl  return  to  the  liquid  condition. 
And  conversely,  if  the  pressure  of  the  air  be 
leas  than  its  mean  quantity,  liquids  will  as- 
sume elastic  fluidity  liy  a  less  intensity  of 
calorific  repulsion,  or  at  a  lower  thermome- 
trie  tension.  IVofessor  Robison  performed 
a  set  of  ingenious  experiments,  which  appear 
to  prove,  that  when  the  atmospheric  pressure 
is  wholly  withdrawn,  that  is,  in  vacuo,  liquids 
become  elastic  fluids  124^  below  their  usual 
boiling  points.  Hence  water  m  vacuo  will 
boil  and  distil  over  at  2129  —  124  as  Sd^ 
Fahr.  This  principle  was  long  ago  employ- 
ed by  the  celebrated  Watt  in  his  researches 
on  the  steam-engine,  and  has  been  recently 
applied  in  a  very  ingenious  way  by  Mr  TVit- 
ton  in  his  patent  still,  (FhiL  Mag.  vol.  IL), 
and  Mr  Barry,  in  his  evaporator  for  vege- 
table extracts,  (Med.  Chir.  IVans.  vol.  x.) 
See  Alcohol,  Distillation,  Extract. 

On  the  same  principle  of  the  boiling  vary- 
ing with  the  atmospheric  pressure,  the  Rer. 
Mr  WoUaston  has  constructed  his  beauti- 
ful thermometric  barometer  for  measuring 
heights.  He  finds  that  a  difference  of  1^  in 
the  boiling  point  of  water,  is  occasioned  by  a 
difference  c^  0.589  of  an  inch  on  the  bsoo- 
meter.  This  corresponds  to  nearly  520  feet 
of  difference  of  elevation.  By  using  the 
judicious  directions  which  he  has  given,  the 
elevation  of  a  place  may  thus  be  rigorously 
determined,  and  with  great  convenience.  The 
whole  apparatus,  weighing  20  ounces,  packs 
in  a  cylindrical  tin  case,  2  inches  diameter, 
and  10  inches  long. 

When  a  vessel  containing  water  is  placed 
over  a  flame,  a  hissing  Round  or  simmering 
is  soon  perceived.  Tliis  is  ascribed  to  the 
vibrations  occasioned  by  the  successive  vapo- 
rization and  condensation  of  the  particles  in 
imniediate  contact  with  the  bottom  of  the 
vessel.  The  sound  becomes  louder  as  the 
liquid  is  heated,  and  terminates  in  ebullition. 
The  temperature  becomes  now  of  a  sudden 
stationary  when  the  vessel  is  open,  however 


rapidly  it  rose  before^  and  whatever  fivce  of 
fire  be  applied.  Dr  Black  set  a  tin  cup  full 
of  water  at  60^,  on  a  red  hot  iron  plate.  In 
four  minutes  it  reached  the  boiling  point, 
and  in  twenty  minutes  it  vras  all  boiled  oC 
From  50»  to  212^,  the  elevation  is  1629; 
which  interval,  divided  by  4,  gives  40^^  of 
beat  which  entered  the  tin  cup  per  minute. 
Hence  20  minutes,  or  5  times  4  multiplied 
into  40^  :s  810,  will  represent  the  quantity 
of  heat  that  passed  into  the  boiling  water  to 
convert  it  into  a  vapour.  But  the  tempera* 
ture  of  this  is  still  only  212<*.  Hence^  ac. 
cording  to  Bla^  these  810**  have  been  ext 
pended  solely  in  giving  elastic  tenabn,  or, 
according  to  Irvine,  in  supplying  the  vastly 
increased  capacity  of  the  aeriform  state;  and 
therefore  they  may  be  denominated  latent 
heat,  being  insensible  to  the  thermometen 
Hie  more  exact  experiments  of  Mr  Watt 
have  shown,  that  whatever  period  be  assigned 
for  the  heating  of  a  mass  of  water  from  50R 
to  212^,  6  times  this  period  is  requisite  with 
a  uniform  heat  for  its  total  vaporisation. 
But  6  X  162«  s  972  ss  the  latent  heat  of 
steam ;  a  result  which  accords  with  my  ex- 
periments made  in  a  different  way,  as  will  be 
presently  shown.  Every  attentive  operator 
must  have  observed  the  greater  explosive  vio- 
lence and  apparent  difficulty  of  tlie  ebullition 
of  water  exposed  to  a  similar  beat  in  (^ass 
than  in  metellic  vessels.  M.  Gay  Iaussc 
has  studied  this  subject  with  his  charactev- 
istic  sagacity.  He  discovered  that  water  boil- 
ing in  a  glass  vessel  has  a  temperature  of 
214.2°,  and  in  a  tin  vessel  contiguous  toit,  of 
only  2 1 2°.  A  few  particles  of  pounded  f^iaas 
thrown  into  the  former  vessd,  reduced  the 
thermometer  plunged  in  it  to  212.6,  and  iron 
filings  to  2120.  When  the  flame  is  withdrawn 
for  a  few  seconds  from  under  a  glaas  vessel 
of  boiling  water,  the  ebullition  will  recom- 
mence on  throwing  in  a  pinch  of  iron  filings. 
Professors  Munche  and  Gmdin  of  Hei^U 
berg  have  extended  these  researchei^  and 
given  the  curious  nesulta  as  to  the  boiling 
points,  expressed  in  the  following  table :— 


Tb«r. 

Dalinchi 

Substance  of  the  tmmU. 

touching 
hottom. 

below  sur. 
face  of  the 
water. 

Silver, 

211.775° 

211.  55<^ 

Platina, 

211.775 

210.875 

Copper, 

212.900 

212.225 

Tinned  iron. 

2ia  24 

211.  66 

Mari>le^ 

212.  10 

211.  66 

Lead, 

212.  45 

211.775 

Tin, 

212.     7 

211.775 

Porcelain, 

212.     1 

211.900 

White  glass, 

212.     7 

212.  00 

Green  g^ass, 

2ia     8 

2ia  35 

Ditto, 

212.     7 

212.  00 

Delft  ware. 

2ia     8 

212.     7 

Common  enrthcn-waro, 

213.     8 

212.  45 
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It  is  difficult  to  reconcile  these  variations 
to  the  results  of  M.  Gay  Luasac  "  The 
vapour  formed  at  the  surface  of  a  liquid,*' 
he  remarks,  *'  may  be  in  eqnUibrio  with  the 
atmospheric  pressure ;  while  the  interior  por- 
tion may  acquire  a  greater  degree  of  heat 
than  that  of  the  real  boiling  point,  provided 
the  fluid  be  enclosed  in  a  vessel,  and  heated 
at  the  bottom.  In  this  case,  the  adhesion  of 
the  fluid  to  the  vessel  may  be  considered  as 
analogous  in  its  action  to  viscidity,  in  raising 
the  temperature  of  d>ullition.  On  this  prin- 
ciple we  explain  the  sudden  starts  which 
sometimes  take  place  in  the  boiling  of  fluids. 
Hiis  frequently  occurs  to  a  great  degree  in 
distilling  sulphuric  add,  by  which  the  vessels 
are  not  unfinequently  broken  when  they  are 
of  glass.  Tliis  evil  may  be  effectually  ob- 
viated by  putting  into  the  retort  some  small 
pieces  of  platina  wire,  when  the  sudden  dis- 
engagement of  gas  will  be  prevented,  and 
consequently  the  vessels  not  be  liable  to  be 
broken.**— ^nnafex  de  Ckimiet  March  1818. 
See  my  remarks  on  this  subject  under  tlie 
Distillation  of  SaLPHUBic  Acud,  extracted 
from  the  Journal  of  Science,  October  1817. 
If  we  throw  a  piece  of  paper,  a  crust  of 
bread,  or  a  powder,  into  a  liquid  slightly  im- 
pr^pnited  with  carbonic  acid,  its  evolution 
will  be  determined.  See  some  curious  ob- 
servations by  M.  Hienard,  under  our  articles 
Oxygenized  Nitric  Agio,  or  Oxygenized 
Water.  In  a  similar  manner,  the  aspe- 
rities of  the  surface  of  a  glass  or  other  vessel 
act  like  points  in  electricity,  in  throwing  off 
gas  or  vapour  present  in  the  liquid  which  it 
contains. 

In  all  the  examples  of  the  preceding  table, 
the  temperature  is  greater  at  the  bottom  than 
near  the  surface  nS  the  liquid ;  and  the  speci- 
fic differences  must  be  ascribed  to  the  attrac- 
tive force  of  the  vessel  to  water,  and  its  con- 
duction of  heat.  We  must  thus  try  to  ex- 
plain why  tinned  iron  gives  a  temperature  to 
boiling  water  in  contact  with  it,  1.67  degrees 
higher  than  silver  and  platina.  Between 
water,  and  iron,  tin,  or  lead,  there  are  re- 
ciprocal relations  at  elevated  temperatures, 
w)iich  do  not  apparently  exist  with  regard  to 
silver  and  platina. 

M.  Clement  informed  me,  in  1821,  that 
when  steam,  at  218^;  was  made  to  act  on 
sugar,  or  a  saline  powder,  as  that  of  nitre  or 
conmion  salt,  a  temperature  was  produced 
considerably  greater  than  the  steam,  and, 
generally  speaking,  equal  to  that  of  a  boiling 
hot  saturated  solution  of  the  particular  salt. 
This  curious  sulject  has  been  recently  in- 
vestigated by  Mr  Farraday.  The  simplest 
way  of  recognising  the  above  jriienomenon 
is,  to  hold  in  the  steam  issuing  from  the 
spout  of  a  tea-kettle,  a  thermometer  bulb, 
covered  witli  a  little  powdered  sal  ammoniac, 
or  nitre.  Hie  temperature  indicated  is  from. 
230P  to  240^.     Tlie  following  are  the  tem- 


peratures produced  in  this  way,  by  some  sub- 
stances. The  first  column  denotes  the  tem.> 
peratures  obtained  in  the  above  method ;  the 
second,  those  obtained  by  tying  the  bulb  up 
with  the  substance  in  a  piece  of  flannel  or 
lint,  and  plunging  it  into  an  atmosphere  of 
steam:— 

Sulphate  of  magnesia,       218^         214» 
Tartrate  of  potash,  296  230 

Tartaric  add,  226  221 

Sugar,  216  223 

Muriate  of  ammonia,        230  227 

Citric  acid,  230  228 

Nitric  acid,  232  230 

Nitrate  of  magnesia,         236  236 

Nitrate  of  ammonia,         236  240 

Acetate  of  potash,  244  258 

Subcariwnate  <^  potash,    258  262 

Potash,  300  and  upwards. 

M.  Gay  Lussac  has  remarked,  that  the 
temperature  of  vapour  is  that  of  the  hot  solu- 
tion from  which  it  Tiaea.^-Jo%umal  of  Science, 
xiv.  439. 

The  following  is  a  tabular  view  of  the 
boiling  points,  by  Fahrenheit's  scale,  of  the 
most  important  Uquids,  under  a  mean  baro- 
metrical pressure  of  thirty  inches  :— 

Boiling  poinU. 
Ether,  sp.  gr.  0.7365  at  48°.  G.  Lussac,  100^ 
Carburet  of  sulphur,  do.       1 13 

Alcohol,  sp.  gr.  0.813  Ure,  17.3.5 

Nitric  acid,        1.500  Dalton,       210' 

Water,  -  -  -  212 

Saturated  sol.  of  Glaub.  salt,  Biot,  213| 
Do.  do.     sugar  of  lead,     do.       2154 

Do  sea  salt,  do.       224f 

Muriate  of  lime  1  +  water  2      Ure,       230 
Do.  35.54*do.64.5       do.       235 

Do.  40.5-1- do.  59.5       do.       240 

Muriatic  acid,    1.094  Dalton,       232 

Do.  1.127  do.      222 

Do.  1.047  do.       222 

Nitric  acid,        1.45  do.       840 

Do.  1.42  do.       248 

Do.  1.40  do.       247 

Do.  1..35  do.       242 

Do.  1.30  do.       236 

Do.  1.16  do.       220 

Rectified  petroleum,         -         Ure,       306 
Oil  of  turpentine,  -  do.       316 

Sulph.  acid,8p.  gr.  1.30-|-     Dalton,       240 
Da  1.408  do.       260 

Do.  1.520  do.       290 

Do.  1.650  do.      350 

Do.  1.670  do.       360 

Do.  1.699  do.      374 

Do.     '  1.730  do.      391 

Do.  1.780  da       435 

Da  1.810  da       473 

Da  1.819  da       487 

Do.  1.827  da       501 

Da  1.833  da       516 

Da  1.842  da       545 

Do.  1.847  da       575, 
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BoUing  points,  shown  by  a  delicate  iUin  of  light,  as  in  the 

Sulph.  add,  sp.  gr.  L648           Daiton,  590  mountain  barometer,     llie  vertical  column 

Do.                        L849             do.       605  of  mercury  above  the  lower  initial  level  being 

Do.                        1.850             do.       620  measured,  it  represents  precisely  the  elastic 

Do.                        1.848            Ure,      600  force  of  the  vapour,  since  that  altitude  of 

Fbosphorus,             ...          554  mercury  was  required  to  overcome  the  elas- 

Sulphur,             ...          570  tidty  of  the  viqxiur.     Hie  whole  object  now 

Linseed  oil,             -            -         -         640  is  to  apply  a  regulated  heat  to  the  upper 

Mercury,  (Dulong,  662^),          -          656  portion  of  the  sealed  leg,  from  an  inch  below 

the  mercurial  level  to  its  summit     Hub  is 

lliese  liquids  emit  vapours,  which,  at  dieir  easily  accomplished,  by  passing  it  through  a 

nspective  bailing  points,  balance  a  pressure  perforated  cork  into  an  inverted  phial,  5 

of  the  atmosphere  equivalent  to  thirty  vertical  inches  diameter  and  7  long,  whose  bottom 

inches  of  mercury.    But  at  inferior  tempera-  has  been  previously  cracked  off  by  a  hot 

tores  they  yield  vapours  of  inferior  dastic  iron.     Or  a  phial  may  be  made  cm  purpose. 

power.     It  is  thus  that  the  vapour  of  quick-  When  the  tapering  dastic  cork  is  now  strongly 

silver  rises  into  the  vacuum  of  the  barometer  pressed  into  the'  mouth  of  the  bottle^  it  ren- 

tube ;  as  is  seen  particularly  in  warm  climates,  ders  it  perfectly  water-tight     By  inclining 

by  the  mercurial  dew  on  the  glass  at  its  sum-  the  syphon,  we  remove  a  little  of  the  mer- 

mit     Hence  aqueous  moisture,  adhering  to  cury,  so  that,  when  reverted,  the  levd  in  the 

the  mercury,  causes  it  to  £dl  bdow  the  true  lower  1^  may  nesrly  coincide  with  the  ring, 

barometer  levd,  by  a  quantity  proportional  Having  then  suspended  it  in  the  vertical 

to  the  temperature,     llie  determination  of  podtion  from  a  high  frame^  or  the  roof  of 

the  elastic  force  of  vapours,  in  contact  with  an  apartment,  we  introduce  water  at  32^ 


respective  liquids  at  diflcrent  tempera-  into  the  cylindrical'  glass  vesseL  When  its 
tures,  has  been  the  subject  of  many  experi-  central  tube,  agdnst  the  side  of  which  the 
menta.  The  metfiod  of  measuring  thdr  bulb  of  a  ddicate  thermometer  rests,  acquires 
elastidties,  described  in  my  paper  00  Heat,  the  temperature  of  the  surrounding  medium, 
seems  convenienti  and  susceptible  of  pre-  mercury  is  dowly  added  to  the  open  leg, 
dnon.  till  the  primitive  level  h  restored  at  the 
A  glass  tube  about  }  of  aA  inch  internal  upper  platina  ring.  The  column  of  mercury 
diameter,  and  6  feet  long,  is  sealed  at  one  above  the  ring  in  the  open  leg,  is  equivalent 
end,  and  bent,  with  a  round  curvature  in  the  to  the  force  of  aqueous  vapour  at  32^.  Hie 
middle,  into  the  form  of  a  syphon,  with  its  effect  of  lower  temperatures  may  be  examin- 
two  legs  pardlel,  and  about  2^  inches  asun-  ^  by  putting  saline  freedng  mixtures  in 
der.  A  rectangular  piece  of  cork  is  adapted  the  cylinder.  To  procure  measures  of  elastic 
to  the  intervd  between  the  legs,  and  fixed  force  at  higher  temperatures,  two  feeble  Ar- 
iirmly  by  twine,  about  6  inches  from  the  gsnd  flames  are  made  to  send  up  heated  dr 
ends  of  the  syphon.  Dry  mercury  is  now  on  the  oppodte  shoulders  of  the  cylinder, 
introduced,  so  as  to  fill  the  seded  leg,  and  By  adjusting  the  flames  .and  agitating  the 
the  bottom  of  the  curvature.  On  suspending  liquid,  very  uniform  temperatures  may  be 
this  syphon  barometer  in  a  verticd  direction,  given  to  the  tube  in  the  axis.  At  every  5^ 
by  the  cork,  the  levd  of  the  mercury  will  or  10°  of  devation,  we  make  a  measure- 
take  a  podtion,  in  each  of  the  legs,  corres-  ment,  by  pouring  mercury  into  the  open  leg, 
ponding  to  the  pressure  of  the  atmosphere,  till  the  primitive  levd  is  restored  in  the  other. 
The  difference  is  of  course  the  true  height  For  temperatures  above  212^,  I  employ 
of  the  barometer  at  the  time,  which  may  be  the  same  plan  of  apparatus,  slightly  modified, 
measured  by  the  application  of  a  separate  1^  sealed  leg  of  the  syphon  has  a  length  of 
scale  of  inches  and  tenths.  Fix  rings  of  6  or  7  inches,  while  the  open  leg  is  10  or  12 
fine  platinum  wire  round  the  tube  at  the  feet  long,  secured  in  the  groove  of  a  graduat- 
two  levels  of  the  mercury.  Introduce  now  ed  wooden  prism.  Hie  initid  level  becomes 
into  the  tube  a  few  drops  of  distilled  water,  212<»  when  the  mercury  in  each  leg  is  in  a 
recently  boiled,  and  pass  them  up  through  horiiontd  plane^  and  the  heat  is  now  com- 
the  mercury.  The  vapour  ridng  ftam  the  municated  through  the  medium  of  oil.  If 
water  will  depress  the  level  of  the  mercury  the  bending  of  the  tube  be  made  to  an  angle 
in  the  seaM  leg,  and  rdse  it  in  the  open  leg,  of  about  35^  from  parallelism  of  the  legs,  a 
by  a  quantity  equal  in  each  to  one-half  of  tubulated  globular  recdver  becomes  a  con- 
the  real  depression.  To  measure  distinctly  venient  vessel  for  holding  the  oil.  Hie 
tfau  difference  of  levd  with  minute  accuracy,  tapering  cork  through  which  the  sealed  end 
would  be  diflScult ;  but  the  totd  depreanon,  of  the  syphon  is  passed,  bdng  thrust  into  the 
which  is  the  quantity  sought,  may  be  readily  tapering  mouth  of  the  recdver,  remdns  per- 
found,  by  ponring  mercury  in  a  slender  fectly  tight  at  dl  higher  temperatures,  being 
stream  into  the  open  leg,  till  the  surface  of  progreadvely  swelled  with  the  heat.  One 
.the  mercury  in  the  seded  1^  becomes  once  who  has  not  made  such  trials  maybe  disposed 
more  a  tangent  to  the  platina  ring,  which  is  to  cavil  at  the  probable  tightness  of  such  a 
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contriTance ;  but  I,  who  !»▼•  uiad  it  in  ex- 
perhneDts  for  many  months  tog^ether,  know 
that  only  extreme  awkwardneaa  in  the  ope- 
rator can  occasion  the  dropping  out  of  oil 
beiated  up  to  even  3S0P  of  Fabrroheit.  Hie 
iubulofe  of  the  recetyer  admits  the  thermo- 
meter. The  Tables  of  Vapour,  in  the  Ap^ 
pendix,  exhibit  the  results  of  some  carefuUy 
conducted  experiments.     See  Vafoub. 

In  my  attempts  to  find  some  ratio  which 
would  connect  the  above  elasticities  of  aque- 
ous vapour  Willi  the  temperatures*  the  fol- 
lowing rule  occurred  to  me : 

«'  The  elastic  force  at  212^  ^  30  being 
divided  l>y  1.23»  will  give  the  force  for  10« 
below:  this  quotient  divided  by  1.24»  will 
give  that  10^  lower,  and  so  on  progressively. 
To  obtain  the  forces  above  212^,  we  have 
merely  to  multiply  30  by  the  ratio  1.23  for 
the  force  at  222<' ;  this  product  by  1.22  for 
that  at  232<' ;  this  but  product  by  1.21  for 
the  force  at  242*' ;  and  thus  for  each  succes- 
sive intenral  of  10^  above  the  bailing  point." 
The  following  modification  of  die  same  rule 
gives  more  accurate  results.  '*  Let  r  =ss  the 
mean  ratio  between  that  of  210<>  and  the 
given  temperature ;  n  ^  the  number  of  terms 
(each  of  10^)  distant  from  210;  Fss  the 
elastic  force  of  steam  in  inches  of  mercury. 
Hien  Log.  of  F  as  Log.  28.9  =±z.n  Log. 
r;  the  positive  sign  being  used  above,  the 
negative  below  210^."  I  have  investigated 
also  simple  ratios,  which  express  the  con- 
nexion between  the  temperature  and  elasti- 
city of  the  vapours  of  alcohol,  ether,  petro- 
leum, and  oil  of  turpentine,  for  which  I  must 
refer  to  the  paper  itself. 

Mr  W.  Creigfaton  of  Sobo  communicated, 
in  March  1819,  to  the  Philosophical  Maga- 
rine^  the  following  ingenious  formula  for 
aqueous  vt^ur.  Let  the  degrees  of  Fahren- 
heit -}-  85  =  D,  and  the  corresponding  force 
of  steam  in  inches  of  mercury  — 0.09=  L 
Then  Log.  0  —  2.22679 X <*=  Log.  L 
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21 2o+85s:297Log.=s2.47276 

—2.22679  conrtant 


nuiBba'. 


0.2i597 
X  6 

Log.  1.47582s29.91=:I 

+  ao9 

Inches  SaOO  D 
He  then  gives  a  satisfactory  tabular  view  cf 
the  near  correspondences  between  the  results 
of  his  formula  and  my  experiments. 

By  detennining  experimentally  the  vohimt 
of  vapour  which  a  given  volume  of  liquid 
can  produce  at  212^,  M.  Gay  Lussac  has 
happily  solved  the  very  difficult  problem  of 
the  specific  gravity  of  viqwors.  He  took  a 
spherule  of  thin  glass,  with  a  short  capillary 
stem,  and  of  a  known  weif^t.  He  filled  it 
with  the  peculiar  liquid,  hermetically  sealed 
the  orifice,  and  weighed  it.  Deducting  from 
its  whole  weight  the  known  weight  of  the 
spherule,  he  knew  the  wei^t,  and  from  its 
sp.  gravity  the  bulk  of  the  liquid.  He  filled 
a  tall  graduated  glass  receiver,  capable  of 
holding  about -three  pints,  with  mercury,  in- 
verted it  in  a  basin,  and  1^  up  the  spherule; 
The  receiver  was  now  surrounded  by  a  bat* 
tomless  cylinder,  which  rested  at  its  lower 
edge  in  the  mercury  of  the  basin.  The  in«- 
terval  between  the  two  oylinden  was  filled 
with  water.  Heat  was  applied  by  means  of 
a  convenient  bath,  till  the  water  and  the  in- 
cluded mercury  assumed  the  temperature  of 
212°.  The  expansible  liquid  had  ere  thb 
burst  the  i^erule,  expanded  into  vapour, 
and  depressed  the  mercury.  Tlie  height  of 
the  quicksilver  column  in  the  graduated 
cylinder  above  the  level  of  the  b^uin  *being 
observed,  it  was  easy  to  calcula&  the  volume 
of  the  incumbent  vapour.  The  quantity  of 
liquid  used  was  always  so  small,  that  the 
whole  of  it  was  converted  into  vapour. 


Hhe  following  exhibits  the  specific  gravities  as  determined  by  the  above  method :— 


Spec.  GiBv 

.AlratSlS'sasl. 

Boiling  po4nt,FUir. 

Vapour  of  water. 

0.6234.9 

2120 

Hydroprussic  add. 

0.94760 

79.7 

Absolute  alcohol. 

1.6050 

173 

Sulphuric  ether. 

2.5860 

96 

Hydriodic  ether. 

5.4749 

148 

Oil  of  turpentine^ 

5.0130 

316 

Carburet  of  sulphur, 

2.6447 

116 

Muriatic  ether. 

2.2190         T 

heoard,    52 

The  above  specific  gntrities  are  estimated 
under  a  barometric  pressure  of  29.92  inches. 

M.  Gay  Lussac  has  remarked,  that  when 
a  liquid  combination  of  alcohol  and  water,  or 
alcohol  and  ether,  is  converted  into  vapour 
at  212^  Fahr.  or  100  Cent,  the  volume  is 
exactly  the  sum  of  what  their  separate  vt^ 


lumes  would  have  produced ;  so  that  the  ooo. 
densataon  by  chemical  action  in  the  liquid 
state,  ceases  to  operate  in  the  gaseous.  An 
equal  volume  of  carburet  of  sulphur  and 
absolute  alcohol,  at  their  respective  boiling 
points  of  173^  and  126^  is  said  to  yield  each 
an  equal  quantity  of  vapour  of  the  same 
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deiwity.  A  more  ezplidl  statement  has  been 
promised,  and  is  perhaps  required,  on  this 
carious  subjeci. 

It  appear^  tiiat  a  volume  of  water  at  AXP 
forms  1694  rolumes  of  steam  at  218^.  The 
subsequent  increase  of  the  volume  of  steam, 
and  of  other  vapours,  out  of  the  contact  of 
their  respectiTe  liquids,  we  formerly  stated 
to  be  in  the  ratio  of  the  expansion  fit  gases, 
forming  an  addition  to  their  volume  of  3-8th8 
for  every  180^  Fahrenheit.  We  can  now 
inler,  both  from  this  expansion  of  one  roea- 
SQM  into  1094s  and  frmn  the  table  of  the 
elastic  forces  of  steam,  the  explosive  violence 
of  this  agent  at  still  higher  temperatures,  and 
tbe  danger  to  be  apprehended  from  the  in- 
troduction of  water  into  the  close  moulds  in 
which  melted  metal  is  to  be  poured.  Hence, 
also,  the  formidable  accidents  which  have 
happened,  from  a  little  water  falling  into 
heated  oils.  Tbe  little  glass  spherules,  call- 
ed candle  bombs,  exhibit  the  force  of  steam 
in  »  very  striking  manner ;  but  the  risk  of 
particles  of  glass  being  driven  into  the  eye^ 
should  cause  their  employment  to  be  con- 
lined  to  prudent  experimenters.  Mr  Watt 
estimated  the  volumes  of  steam  resulting 
from  a  volume  of  water  at  1600 ;  and  in 
round  numbers  at  1728 ;  numbers  differing 
liltle  from  tbe  above  determination  of  M. 
GayLussac.  Desagulier's  estimate  of  14000 
vras  therefore  extravagant. 

M.  le  Baron  Cagniard  de  la  Tour  has 
lately  described  several  curious  focts  concern- 
ing the  production  of  vapours  in  close  vessels. 
It  bad  been  hitherto  imagined,  that  when  a 
liquid  is  coniined  in  a  Fapin's  digester,  the 
internal  pressure  augmenting  with  the  pres- 
sure eventually  prevents  the  further  transi- 
tion of  the  liquid  into  the  aeriform  condition. 
It  occuiied  to  him,  that  there  was  necessarily 
a  fimit  to  the  dilatation  of  a  volatile  fluid, 
beyond  which  it  would  become  vapour  not- 
withstanding the  pressure,  if  the  capacity  of 
the  vessel  would  permit  the  liquid  matter  to 
extend  to  its  maximum  of  dilatation. 

To  ascertain  this  point,  a  certain  quantity 
of  alcohol,  sp.  gr.  0.837,  and  a  sphere  of 
silex,  were  put  into  a  small  digester,  made 
out  of  the  thick  end  of  a  musket  barrel,  the 
liquid  occupying  the  third  of  the  capacity. 
Having  observed  the  sound  produced  by  ^ 
sphere,  when  rolled  about  in  the  cold  ^ipa- 
nrtna,  it  was  gradually  heated  till  a  point  was 
reached  when  the  ball  seemed  to  bound  fVom 
end  to  end  of  the  digester,  as  if  no  liquid 
had  been  presoit  TTiis  eifect,  easily  di»- 
lingttished  by  hcMing  the  end  of  the  handle 
to  tbe  ear,  ceased  on  cooling  the  apparatus, 
€Uid  was  reproduced  on  reheating  it. 

Hie  eame. experiment  miHle  with  water 
succeeded  only  imperfectly,  because  the  high 
temperature  required  interfered  with  the 
lightness  of  the  instrument     But  sulphuric 


ether  and  naphtha  presented  the  same  results 
as  alcohol. 

That  the  phenomena  might  be  observed 
witli  more  facility,  the  liquid*  were  intro- 
duced into  small  tubes  of  glass,  and  hermeti- 
cally sealed.  A  handle  of  glass  was  attadi- 
ed  to  each  tube.  A  tube  was  two-'fiitiis 
filled  with  alcohol,  and  then  slowly  and  care- 
folly  heated ;  as  the  liquid  dilated,  its  mobili- 
ty increased,  and  when  its  volume  was  nearly 
doubled,  it  completely  disappeared,  and  b^ 
came  a  vapour  so  transparent  that  the  tube 
appeared  quite  empty.  On  leaving  it  to 
cool  for  a  moment,  a  very  thick  cloud  formed 
in  its  int^or,  and  the  liquid  returned  to  its 
first  stata  A  second  tube,  nearly  half  oc- 
cupied by  the  same  fluid,  gave  a  similar  re- 
sult ;  but  a  third,  containing  rather  more  than 
half,  burst. 

Similar  experiments  made  with  naphtha, 
sp.  gr.  0.807,  and  with  ether,  gave  similar 
results.  Ether  required  less  space  than 
naphtha,  and  nafriitiia  less  than  alcohol,  to 
become  vapour;  appearing  to  indicate  that 
the  more  a  body  is  already  dilated,  the  less 
additional  volume  does  it  require,  before  it 
attains  its  maximum  of  expansion. 

In  all  the  above  experiments  the  air  had 
been  expdled  from  the  tubes  ^  but,  repeated 
with  others  in  which  the  air  was  lei^  the  re- 
sults were  similar,  and  the  phenomena  more 
readily  observed,  from  tlie  absence  of  ebulli- 
tion. 

A  last  trial  was  made  with  water  in  a  tube 
of  glass,  about  one^tMrd  of  its  capacity  being 
occupied  by  the  fluid.  This  tube  lost  its 
transparency,  and  broke  a  few  instants  after. 
It  appears,  that  by  a  high  temperature  vrater 
is  able  to  decompose  glass,  by  separating  the 
alkali ;  leading  to  the  supposition  that  other 
interesting  chemical  results  may  be  obtained, 
by  multiplying  the  applications  of  this  pro* 
cess  of  decomporition. 

On  carefully  watching  the  tubes  in  which 
air  had  been  left,  it  was  remarked  that  those 
in  which  the  fluid  had  not  space  fo^  the 
maximum  of  dOatation  preceding  the  conver- 
sion into  vapour,  did  not  always  break  as 
soon  as  the  liquid  appeared  to  fill  the  whole 
space ;  and  that  the  explosion  was  the  more 
tardy,  as  the  excess  of  liquid  above  that  re- 
quired to  fill  the  space  was  less.  May  not 
then  tbe  inference  be  drawn,  that  liquids  but 
litde  compressible  at  low  temperatures,  be- 
come much  more  so  at  high  temperatures? 

Alcohol,  naphtha,  and  sulphuric  ether, 
submitted  to  heat  with  pressure,  are  convert- 
ed into  vapour  in  a  space  a  little  more  than 
double  that  of  each  liquid. 

An  augmentation  of  pressure,  occasioned 
by  the  presence'  of  air,  .causes  no  obstacle  to 
the  evaporation  of  the  liquid  in  the  same 
spaoe^  but  only  renders  the  dilatation  of  the 
liquid  more  regular  and  observable. 
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Water,  though  nuoeptible  of  being  reduc- 
ed into  very  compressed  Tapour,  has  not  yet 
been  submitted  to  perfect  experiments^  be- 
cause of  the  imperfect  closing  of  the  digester 
at  high  temperatures,  and  also  because  of  its 
action  on  glass  tubes. 

M.  Cagniard  de  la  Tour  bent  a  tube  into 
a  syphon,  placed  ether  in  one  leg,  and  sepa- 
rated it  from  the  other  1^  containing  air,  by 
mercury;  both  legs  being  then  sealed,  the 
apparatus  was  heated,  and  when  the  ether 
became  vapour,  the  diminution  in  the  bulk 
of  the  air  was  marked.  In  three  repetitions 
of  the  experiment,  528  parts  became  14i. 
Ether  is  therefore  susceptible  of  being  con- 
verted into  vapour  in  a  space  less  than  twice 
its  original  yolume,  and  in  this  state  it  exer- 
cises a  pressure  of  between  37  and  38  atmoe- 
pheres. 

When  alcohol,  sp.  gr.  0.837,  was  used, 
476  parts  of  air  became  4;  and  from  an  ob- 
servation of  the  volume  it  was  ascertained, 
that  alcohol  may  be  reduced  into  vapour  in 
a  space  rather  less  than  thrice  its  original  vo- 
lume, and  that  then  it  exerts  a  pressure  of 
119  atmospheres. 

Hie  temperature  at  which  these  effects 
took  place  was  ascertained,  by  repeating  the 
experiments  in  an  oil  bath.  The  ether  re- 
quired a  temperature  of  320^  F. ;  alcohol, 
that  of  4050  F. 

A  small  quantity  of  carbonate  of  soda 
added  to  the  water,  prevented,  to  a  certain 
degree,  its  altering  the  transparency  of  the 
glass  tubes.  Hence  he  was  enabled  to  as- 
certain, that  at  a  temperature  not  far  from 
that  of  melting  zinc,  water  could  be  convert- 
ed into  vapour,  in  a  space  nearly  four  times 
its  original  volume.— -^una^t  de  Ckimki 
xxi.  17a 

It  has  l>een  already  mentioned,  that  the 
caloric  of  Buidity  in  steam  surpasses  that  of 
an  equal  weight  of  boiling  water  by  about 
972^.  This  quantity,  or  die  latent  heat  of 
steam,  as  it  is  called,  is  most  conveniently  de- 
termined by  transmitting  a  certain  weight  of 
it  into  a  given  weight  of  water,  at  a  known 
temperature,  and  from  the  observed  elevation 
of  temperature  in  the  liquid  deducing  the 
heat  evolved  during  condensation.  Dr  Black, 
Mr  Watt,  Layoisier,  Count  Rumford,  Cle- 
ment, and  Desormes,  as  well  as  myself,  have 
published  observations  on  the  subject. 

'*  In  this  research  I  employed  a  very  simple 
apparatus ;  and  with  proper  management,  I 
beliere  it  is  capable  of  giving  the  absolute 
quantities  of  latent  heat  in  difi*erent  vapours, 
as  exactly  as  more  refined  and  complicated 
mechanisms.  At  any  rate,  it  will  afford  com- 
parative results  with  great  precision.  It  con- 
sisted of  a  glass  retort  of  very  small  dimen- 


sions, with  a  short  nedk,  inserted  into  a  glo- 
bular receiver  of  very  thin  glasi^  and  about 
three  inches  in  diameter.  The  globe  was 
sunounded  with  a  certain  quantity  of  water 
at  a  known  temperature,  contained  in  a  glass 
basin.  200  grains  of  the  liquid  whose  va- 
pour was  to  be  examined,  were  introduced 
into  the  retort,  and  rapidly  distilled  into  die 
globe  by  the  heat  of  an  Aigand  lamp.  The 
temperature  of  the  air  was  45^,  that  of  the 
water  in  the  basin  from  42^  to  43°  \  and  the 
rise  of  temperature  occasioned  by  the  con- 
densadon  <^  the  vapour  never  exceeded  that 
of  the  atmosphere  by  four  degrees.  By  these 
means,  as  the  communicadon  of  heat  is  very 
slow  between  bodies  which  differ  little  in 
temperature,  I  found  that  the  air  could  exer- 
cise no  percepdble  influence  on  the  water  in 
the  basin  during  the  experiment,  which  was 
always  completed  in  five  or  six  minutes.  A' 
thennometer  of  great  delicacy  was  continually 
moved  through  the  water ;  and  its  indications 
were  read  off*,  by  the  aid  of  a  lens,  to  small 
firacdons  of  a  degree. 

^  In  all  the  early  experiments  of  Dr  Black 
on  the  latent  heat  of  common  steam,  the  ne- 
glect of  the  above  precaudons  introduced  ma- 
terial errors  into  the  estimate.  Hence  that 
distinguished  philosopher  found  the  latent 
heat  of  steam  to  be  00  more  than  800^  or 
810<>.  Mr  Watt  afterwards  determined  it 
more  nearly  at  from  900*'  to  970^,  Lavoisier 
and  Laplace  have  made  it  lOOO*',  and  Count 
Rumford  1040<'. 

**  From  the  smallness  of  the  retort  in  my 
mode  of  proceeding,  the  shortness  of  the  neck, 
and  its  thorough  insertion  into  the  globe,  we 
prevent  condensation  by  the  air  in  IransUu  ; 
while  the  surface  of  the  globe,  and  the  mass 
of  water  being  great,  relative  to  the  quantity 
of  vapour  employed,  the  beat  is  entirely 
transferred  to  the  refrigeratory,  where  it  is 
allowed  to  remain  without  iqiparent  diminu- 
tion for  a  few  minutes. 

**  In  numerous  repetitions  of  the  same  ex- 
periment the  accordances  were  excellent.  The 
following  table  contains  the  mean  results. 
The  water  in  the  basin  weighed  in  each  case 
32340  grs.,  and  200  grs.  of  each  liquid  waa 
distilled  over.  The  retort  vnu  held  steadily 
in  the  centre  of  the  globe  by  a  slender  ring 
fixed  round  the  neck. "  For  the  arithmetical 
reductions  I  must  refer  to  the  paper  itselfl 
But  I  have  found  since,  that  a  compensation 
was  due  for  the  glass  basin  itself,  which  I 
omitted  by  accident  to  introduce  into  the 
arithmedcal  reductions.  This  would  have 
raised  the  latent  heat  of  water  to  very  nearly 
1000,  and  that  of  the  other  vapours  in  a  pro- 
portional degree.  X  now  give  the  original 
table  along  vrith  a  corrected  column. 
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Tabu  of  LaUnt  Heat  of  Vapours, 


Vapour  «f  water,  at  its  bcnUng  point, 
Alcohol,  sp.  gr.  825, 
Etber,  boiling  point  \12^, 
Petndemn, 
Oil  of  turpentine^ 


Correded  Column* 


967^ 

4.48 

302.4 

177.8 

177.8 


Nitricacid,  sp.gr.  1.494s  boiHog  point  165^   582 
Liquid  aramooia,  sp.  gr.  a978,  -  837.3 

Vinegar,  sp.  gr.  1.007,  .        .  875.0 


1000° 
457 
312.9 
18a8 

isas 

550 

865.9 

903 


**  Aqueous  vapour  of  an  elastic  finrce  ba- 
lancing the  atmo^beric  pressure,  has  a  spe« 
cific  graTi^  compared  to  air,  by  the  accurate 
experiments  of  M.  Gay  Lussac,  of  10  to  16. 
For  facility  of  comparison,  let  us  call  the 
■team  of  water  unity,  or  1.00 ;  then  the  spe- 
cific gravity  of  the  vapour  of  pure  ether  is 
4^00,  while  the  specific  gravity  of  the  vapour 
of  absolute  alcohol  is  2.60k  But  the  vapour 
of  ether,  whose  boiling  point  is  not  100°,  but 
i  12°,  like  the  above  ether,  contains  some  al- 
cohol ;  hence  we  must  accordingly  diminish 
a  little  the  specific  gravity  number  of  its  va^ 
pour.  It  will  then  become,  instead  of  4.00, 
3k55.  Alcohol  of  0. 825  sp.  gr.  contains  much 
water ;  sp.  gr.  of  its  vapour  2.30.  That  of 
water,  as  before  unity,  1.00.  The  interstitial 
spa^  in  these  vapours  will  therefore  be  in- 
vendy  as  these  numbers,  or  -^^  for  ether, 
TrJ-y  for  alcohol,  -j-g-^  ftw  water.  Hence, 
•jj-j  of  latent  heat  existing  in  ethereal  vapour, 
will  occupy  a  proportional  space,  be  equally 
condensed,  or  possess  the  same  tension  with 
Ty^-  in  alcoholic,  and  t^  ■"  aqueous  va- 
pour. A  small  modification  will  no  doubt 
be  introduced  by  the  difference  of  the  tlier- 
mmnetric  tensions,  or  sensible  heats,  under 
the  same  elastic  force.  Common  steam,  for 
example,  may  be  considered  as  deriving  its 
total  elastic  energy  from  the  latent  heat  mul- 
tiplied into  the  specific  gravity  -|»  the  ther- 
mometric  tension. 

*'  Hence,  the  elastic  force  of  the  vapours  of 
water,  ether,  and  alcohol,  are  as  follows:— 

£    s=  970  X  1.00  4- 212°  as  1182 

w  *^  1 

£^=3Q2X  a55-|-  112°=  1184 

£^js:440x  2.3Q+175°=s  1185; 

three  equations,  which  yield,  according  to  my 
general  proposition,  equal  quantities.  When 
the  elastie  forces  of  vapours  are  doubled,  or 
when  they  sustain  a  double  pressure,  their  in- 
terstices are  proportionally  diminished.  We 
may  consider  them  now,  as  in  the  condition 
of  vapours  possessed  of  greater  specific  gravi- 
ties. Hence  the  second  portion  of  heat,  in- 
troduced to  give  double  the  elastic  force,  need 
not  be  equal  to  the  first,  in  order  to  produce 
the  double  tension. 

**  This  view  accords  with  the  experiments 


of  Mr  Watt,  alluded  to  in  the  beginning  of 
the  memoir.  He  found,  that  the  latent  heat 
of  steam  is  less  when  it  is  produced  under  a 
greater  pressure,  or  in  a  more  dense  state; 
and  greater  when  it  is  produced  under  a  less 
pressure,  or  in  a  less  dense  state.  BerthoUet 
thinks  this  fiurt  so  unaccountable,  that  he  has 
been  willing  to  discard  it  altogether.  Whe- 
ther the  view  I  have  just  opened,  of  the  rela- 
tion subsisting  between  the  elastic  force,  den- 
sity, and  latent  heat  of  diffisrent  vapours,  har- 
monize wilb  chemical  phenomena  in  genoiil, 
I  leave  others  to  determine.  It  certainly 
agrees  with  that  unaccountable  fact.  What- 
ever be  the  fate  of  the  general  law  now  re- 
spectfidly  offered,  the  statement  of  Mr  Watt 
may  be  implicitly  received  under  the  sanction 
of  his  acknowledged  sagacity  and  candour.** 
--^Ure's  Hetearches  on  Heat,  pp.  54,  55, 

M.  Clement  inserted  a  pipe,  connected  with 
a  steam  boiler  capable  of  bearing  high  pres- 
sure, into  a  given  quantity  of  water  at  a  cer- 
tain temperature^  contained  in  a  bucket.  He 
now  turned  the  stopcock  of  the  pipe,  and 
allowed  a  certain  quantity  of  steam  at  212°  F. 
to  enter.  He  then,  noted  the  increase  of  tem- 
perature which  the  water  had  received.  He 
repeated  tlie  experiment ;  only  the  steam  in 
the  boiler,  and  that  which  issued  through  the 
pipe,  had  been  heated  till  its  elasticity  was 
double  of  that  at  212°.  As  soon  as  the 
water  in  the  bucket  indicated,  by  its  increase 
of  volume,-  that  the  same  quantity  of  steam 
had  been  condensed  as  in  the  first  experi- 
ment, he  shut  the  stopcock,  and  measured  the 
temperature  of  the  bucket.  He  found  it  to 
bo  the  same  as  before.  A  third  experiment 
with  steam  having  an  elastic  force  equal  to 
three  atmospheres,  was  next  subjected  to  ex- 
amination; and  he  found  the  same  result. 
Hence  he  inferred  that  equal  weights  of 
steam,  incumbent  over  water,  at  whatsoever 
temperature,  contain  the  same  quantity  of 
heat ;  or,  in  popular  language,  that  the  total 
heat  of  steam  is  a  constant  quantity ;  for,  in 
proportion  as  the  sensible  heat  augments,  the 
latent  or  specific'  heat  diminishes.  On  this 
proposition  he  has  founded  a  luminous  theory 
of  steam  engines,  which,  we  hope,  he  will 
soon  present  to  the  world  in  his  promised 
TrMlS  de  ChaUur, 

More  recently,  the  same  ingenious  philo.* 
sopher  has  described  some  new  phenomena 
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produced  by  vapour.  When  steam  under  that  the  effbcta  were  explained,  so  to  speak, 
high  pressure  is  allowed  to  escape,  in  a  roar-  before  they  were  observed, 
ing  violent  jet,  from  another  large  orifice '  He  proposes  the  addition  of  a  weak  tube 
pierced  in  a  plate,  and, a  flat  disc  is  opposed  to  steam  boilers,  as  a  perfect  security, 
to  it  at  a  moderate  distance  from  the  aper-  As  it  is  the  vastly  greater  relation  to  heat 
ture,  the  plate  is  powerfully  repelled ;  but  if  which  steam  possesses  above  water,  thatmakes 
it  be  approximated  more  closely,  as  if  to  shut  the  boiling  point  of  that  liquid  so  perfectly 
the  aperture,  although  the  vapour  still  issues  stationary  in  open  vessels  over  the  strongest 
on  all  sides  of  it  like  an  arti6cial  fire>work,  fires,  we  may  imagine  that  other  vapours 
and  presses  more  against  the  disc  than  before,  which  have  a  smaller  latent  heat  may  not  be 
it  may  nevertheless  be  left  alone  by  the  hand ;  capable,  by  their  formation,  of  keeping  the 
for  not  only  will  it  not  be  raised,  but  if  the  ebullition  of  tlieir  respective  liquids  at  a  uni- 
issue  for  the  vapour  be  turned  down  towards  form  temperature.  I  observed  diis  variation 
the  earth,  and  the  disc  consequently  lend  to  of  the  boiling  point  actually  to  happen  with 
fall,  as  well  by  its  .own  weight  as  by  the  pres-  ml  of  turpentine,  petroleum,  and  sulphuric 
sure  of  the  vapour,  still  it  will  not  leave  the  acid.  When  these  liquids  are  heated  briskly 
aperture.  Hie  same  result  is  obtained,  if  the  in  apothecaries'  phials,  they  rise  20  or  30  de- 
experiment  be  made  with  the  current  of  air  grees  above  the  ordinary  point  at  which  they 
from  a  strong  blowing  machine  of  an  iron  boil  in  hemispherical  capsules.  Hence  also 
blast- furnace.  their  vapours,  being  generated  with  litde  heat^ 

Hence,  M.  Clement  concludes,  that  the  are  apt  to  rise  with  explosive  violence.     Oil 

common  safety-valves,  which  are  sometimes  of  turpentine  varies,  moreover,  in  its  boiling 

real  discs  placed  upon  apertures  with  flat  point,  according  to  its  freshness  and  limpidityw 

edges,  involve  a  danger  inherent  in  their  It  is  needless,  therefore,  to  raise  an  argument 

form.     In  fact,  no  sooner  are  they  so  raised  on  a  couple  of  degrees  of  difference.    But  in 

as  to  permit  the  escape  of  a  thin  film  of  va-  Dr  Murray's,  and  all  our  other  chemical  sya- 

pour,  than  they  are  immediately  prevented  tems  published  prior  to  1817,  560°  was  as- 

fVom  rising  any  farther ;  and  if  the  genera-  signed  as  the  boiling  point  of  this  volatile  oil. 

tion  of  steam  be  too  considerable  for  the  small  Mr  Dalton's  must  be  excepted,  for  he  sayi, 

escape  thus  afforded,  and  for  the  strength  of  "  several  authors  have  it,  that  oil  of  turpen- 

the  boiler,  an  explosion  will  occur  though  tine  boils  at  560^.     I  do  not  know  how  the 

the  safety-valve  be  open  all  the  while.  mistake  origftiated,  but  it  boils  below  212^, 

llie  remedy  to  this  danger  is  found  in  a  like  the  rest  of  the  essential  oils." 
good  proportion  between  tihe  central  orifice         From  the  above  quotation  it  may  be  io- 

and  its  edges ;  the  former  being  large»  and  ferred,  that  the  conversion  at  all  tempera- 

the  latter  small.  tures,  however  low,  of  any  liquid  or  solid 

When  a  jet  of  vapour,  moving  with  great  «  whatever  into  a  vapour,  is  uniformly  accom- 
velocity,  does  not  displace  a  moveable  plate  panied  with  the  abstraction  of  heat  from  sur- 
put  over  the  orifice  by  which  it  escapes,  it  is  rounding  bodies,  or,  in  popular  language,  the 
because  a  partial  vacuum  exists  between  the  production  of  cold ;  and  that  the  degree  of 
fixed  plate  and  the  mobile  disc,  where  a  ten-  refrigeration  will  be  proportional  to  the  ciqia^ 
won  less  dian  that  of  the  atmosphere  exists  dty  of  the  vapour  for  heat,  and  the  rapidity 
throughout  a  space  sufficiently  large  to  petw  of  its  formation.  The  application  of  this 
mit  the  pressure  of  the  atmosphere  to  be  principle  to  the  uses  of  life,  first  suggested 
stronger  than  that  of  the  vapour.  M.  Cle-  by  Drs  Cullen  and  Black,  has  been  improv- 
ment  demonstrated,  by  several  experiments,  ed  and  extended  by  Mr  LesUe.  We  shall 
that  this  partial  vacuum  really  exists  in  the  describe  his  methods  under  Congelation. 
space  which  serves  as  an  issue  for  the  vapour,  It  appears,  moreover,  probable,  that  the 
just  as  occurs  in  the  conical  tubes  which  are  permanent  gases  have  the  same  superior  re- 
applied to  orifices  through  which  liquids  are  lation  to  heat  with  the  Vapours.  Hence, 
flowing.  He  has  shown,  that  the  interval  their  transition  to  the  liquid  or  solid  states 
which  separates  the  two  plates  between  which  ought  to  be  attended  vrith  the  evolution  of 
the  vapour  escapes  is  a  true  conoid.  In  fact,  heat  Accordingly,  in  the  combustion  of 
this  interval  is  formed  of  concentric  rings,  hydrogen,  phosphorus,  and  metals,  gaseous 
whose  surfaces  augment  in  proportion  to  the  matter  is  copiously  fixed ;  to  which  cause 
diameters;  and  consequently  the  elastic  fluid.  Black  and  Lavoisier  ascribed  the  whole  of 
as  it  passes  from  the  smaller  to  the  larger  the  heat  and  light  evolved.  We  shall  see, 
ring,  has  successively  filled  the  spaces  in  however,  in  the  article  COMBUsnON,  many 
which  it  has  assumed  a  decreasing  density,  difficulties  to  the  adoption  of  this  plausible 
until  it  comes  beneath  that  which  corresponds  hypothesis.  The  best  illustration  of  the 
to  atmospheric  pressure.  •  common  notion  as  to  the  latent  heat  of  gases, 

M.  Clement  finds,  that  the  theory  which  is  afforded  by  the  condensed  air  tinder-tube ; 

Daniel  BernouilU  has  given  for  the  effect  of  in  which  mechanical  compression  appears  to 

conical  or  cylindrical  jets,  applies  perfectly  extrude  from  cold  air  its  latent  stores  of 

to  these  curious,  phenomena  with  vapour;  so  both  heat  and  light.     A  glass  tube^  eight 
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indies  long  and  a  half  incli  wide,  of  uni- 
ibnn  caKbre,  shut  at  one  end,  and  fitted  with 
a  abort  piston,  is  best  adapted  for  the  exhi- 
bition of  this  pleasing  experiment.  When 
the  object,  however,  u  merely  to  kindle 
agaric  tinder,  a  brass  tube  3-8ths  wide  and 
4^  inches  long  will  suffice.  A  dexterous 
condensation  of  air  into  l-5th  of  the  volume 
produces  the  heat  of  ignition. 

Under  the  head  of  specific  heat,  it  has  been 
shown  to  diminish  in  a  gas  more  rapidly  than 
the  diminution  of  its  volume ;  and  therefore 
beat  will 'be  disengaged  by  its  condensation, 
whether  we  regard  the  phenomenon  as  the 
expulsion  of  a  fluid,  or  intense  actions  excit- 
ed among  the  particles  by  their  violent  ap- 
proximation.     Tlie  converse  of  the  above 
phenomenon  is  exhibited  on  a  great  scale, 
in  the  Scbemnitz  mines  of  Hungary.     The 
hydraulic  machine  for  draining  them  consists 
essentially  of  two  strong  air-tight  copper  cy- 
Iinders»  96  feet  vertically  distant  from  each 
other,  and  connected  by  a  pipe.    The  upper- 
most, which  is  at  the  mouth  of  the  pit,  can 
be  charged  with  water  by  the  pressure  of  a 
reservoir,  elevated  136  feet  above  it     The 
air  suddenly  dislodged  by  this  vast  hydrostatic 
pressure,  is  condensed,  through  the  pipe,  on 
the  surface  of  the  water  standing  in  the  lower 
cylinder,  which  it  forces  up  a  rising  water-pipe 
to  the  sufface,  and  then  takes  its  place.  When 
the  stopcocks  are  turned  to  re-charge  the 
lower  cylinder  with  water,  the  imprisoned 
air,  expanding  to  its  natural  vdume,  absorbs 
the  best  so  powerfully,  as  to  convert  the 
drops  of  water  that  issue  with  it  into  hail 
and  snow.     M.  Gay  Lussac  has  lately  pro- 
posed a  miniature  imitation  of  this  machine 
for  artificial  refirigeration.     He  exposes  the 
■nail  body  to  be  cooled  to  a  stream  of  air, 
escaping  by  a  small  orifice  from  a  box  in 
which  it  bad  been  strongly  condensed.     In 
the  autumn  of  1816,  I  performed  an  analo- 
gous experiment  in  the  house  of  M.  Breguet, 
in  Ftaris.     This  celebrated  artist  having  pre- 
sented me  with  one  of  his  elegant  metallic 
thermometers,  I  immediately  proposed  to  de- 
termine, by  means  of  it,  Uie  heat  first  ab- 
stracted, and  subsequently  disengaged  in  the 
exhaustion  of  air,  and  its  readmission  into 
the  receiver  of  an  air-pump.     MM.  Breguet 
politely  favoured   me  with  their  assistance, 
and  the  use  of  their   excellent  air-pump. 
Having  enclosed  in  the  receiver  their  ther- 
mometer, and  a  delicate  one  by  Crigfaton, 
which  I  happened  to  have  with  me,  we  (bund, 
on  rapidly  exhausting  the  receiver,  that  M. 
Breguet's  thermometer  indicated  a  refrigera- 
tion of  50°  F.  while  Crighton*s  sunk  only  7<>. 
After  the  two  had  arrived  at  the  same  tem^ 
peniture^  the  air  was  rapidly  admitted  into 
the  receiver.      M.    Breguet*s  thermometer 
now  rose  50^,  while  Crighton*s  mounted  7° 
as  before.     ^  Thermometer. 

Dr  Darwin  has  ingeniously  explained  the 


production  of  snow  on  the  tops  of  the  highest 
mountains,  by  the  precipitation  of  vaponr 
firom  the  rarefied  air  which  ascends  fh>m 
plains  and  valleys.  '<  The  Andes,*'  says 
Sir  H.  Davy,  *'  placed  almost  under  the 
line,  rise  in  the  midst  of  burning  sands: 
about  the  middle  height  is  a  pleasant  and 
mild  climate ;  the  summits  are  covered  with 
unchanging  snows;  and  tliese  ranges  of 
temperature  are  always  distinct :  the  hot 
winds  from  below,  if  they  ascend,  become 
cooled  in  consequence  of  expansion ;  and  the 
cold  air,  if  by  any  force  of  the  blast  it  is 
driven  downwards^  is  condensed,  and  ren- 
dered wanner  as  it  descends.** 

Evaporation  and  rarefaction,  the  grand 
means  employed  by  nature  to  temper  the  ex- 
cessive heats  of  the  torrid  zone,  operate  very 
powerfully  among  mountains  and  seas.  But 
the  level  sands  are  devoured  by  unmitigated 
heat  In  milder  dimates,  the  fervours  of 
the  solstitial  sun  are  assuaged  by  the  vapoufs 
copiously  raised  from  every  river  and  field, 
while  the  wintry  cold  is  moderated  by  the 
condensation  of  atmospheric  vapours  in  the 
form  of  snow. 

The  equilibrium  of  animal  temperature  is 
maintained  by  the  copious  discharge  of  va^ 
pour  from  the  lungs  and  the  skin.  The  8up« 
pression  cf  this  exhalation  is  a  common  cause 
of  many  formidable  diseases.  Among  these^ 
fever  tidies  the  lead.  The  ardour  of  the  body 
in  this  case  of  suppressed  perspiration,  some- 
times exceeds  the  standard  of  healdi  by  six 
or  seven  degrees.  The  direct  and  natural 
means  of  allaying  this  morbid  temperature, 
were  first  systematically  enjoined  by  Dr 
Currie  of  Liverpool  He  showed,  that  the 
dasliing  or  affusion  of  cold  water  on  the  skin 
of  a  fever  patient,  has  most  sanitary  effects, 
when  the  beat  is  steadily  above  98°,  and 
when  there  is  no  sensation  of  chilliness,  and 
no  moisture  on  the  surface.  Topical  refri- 
geration is  elegantly  procured,  by  applying 
a  piece  of  musUn  or  tissue  paper  to  any  part 
of  the  skih,  and  moistening  it  with  ether, 
carburet  of  sulphur,  or  alcohol.  By  pour- 
ing a  succession  of  drops  of  ether  an  the 
surface  of  a  thin  glass  tube  containing  wa- 
ter, a  cylinder  of  ice  may  be  formed  at  mid- 
summer. The  most  convenient  plan  which 
the  chemist  can  employ  to  free  a  gas  frmn 
vapour,  is  to  pass  it  slowly  through  a  long 
tortuous  tube  wrapt  in  porous  paper  wetted 
with  ether. 

On  the  other  hand,  when  he  wishes  to  ex- 
pose his  vessels  to  a  regulated  heat,  he  makes 
hot  vapour  be  condensed  on  their  cold  sur- 
fkce.  The  beat,  thus  disengaged  from  the 
vapour,  passes  into  the  vessel,  and  speedily 
raises  it  to  a  temperature  which  he  can  adjust 
with  the  nicest  precision.  A  vapour  bath 
ought  therefore  to  be  provided  for  every  la- 
boratory. That  which  I  got  constructed  a 
few  years  ago  for  the  Institution,  is  so  simple 
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and  efficacious  aB  to  meri^  a  description.-— 
A  square  tin  box,  about  18  inches  long,  12 
broad,  and  6  deep,  has  its  bottom  hollowed 
a  little  by  the  hammer  towards  its  centre,  in 
which  a  round  hole  is  cut  of  five  or  six 
inches  diameter.  Into  this,  a  tin  tube  three 
or  four  inches  long  is  soldered.  This  tube 
is  made  to  fit  tightly  into  the  mouth  of  a 
common  tea-kettle,  which  has  a  folding 
handle.  The  top  of  the  box  has  a  number 
of  circular  holes  cut  into  it,  of  different  dia- 
meters, into  which  evaporating  capsules  of 
platina,  glass,  or  porcelain,  are  placed.  When 
the  kettle,  filled  with  water,  and  with  its 
nozzle  corked,  is  set  on  a  stovej  the  vapour, 
playing  on  the  bottoms  of  the  capsules,  heats 
them  to  any  required  temperature ;  and  being 
itself  continually  condensed,  it  runs  back 
into  the  kettle  to  be  raised  again  in  ceaseless 
cohobation.  With  a  shade  above,  tp  screen 
the  vapour  chest  from  soot,  the  kettle  may 
be  placed  over  a  common  fire.  The  orifices 
not  in  Use  are  closed  with  tin  lids.  In  dry- 
ing precipitates,  I  cork  up  the  tube  of  the 
glass  funnel,  and  place  it,  with  its  filter,  dir 
rectly  into  the  proper  sized  opening.  For  dry- 
ing red  cabbage,  violet  petals,  &c.  a  tin  tray 
is  provided,  which  fits  close  on  the  top  of  the 
box,  within  the  rim  which  goes  about  it.  The 
round  orifices  are  left  open  when  this  tray  is 
applied.  Such  t^  form  of  apparatus  is  well 
adapted  to  inspissate  the  pasty  mass  from 
which  lozenges  and  troches  are  to  be  made. 

But  the  most  splendid  trophy  erected  to 
the  science  of  caloric,  is  the  steam-engine  of 
Watt.  Hiis  illustrious  philosopher,  from  a 
mistake  of  his  friend  Dr  Robison,  has  been 
hitherto  deprived  of  a  part  of  his  claims  to 
the  admiration  and  gratitude  of  mankind. 
The  Amdamental  researches  on  the  constitu- 
tion of  steam,  which  formed  the  solid  basis 
of  his  gigantic  superstructure,  though  they 
coincided  perfectly  ^itii  Dr  Black's  results, 
were  not  drawn  from  them.  In  some  con- 
versations with  which  this  great  ornament 
and  benefactor  of  his  country  honoured  me 
a  short  period  before  his  death,  he  described, 
witli  delightful  naiveti,  the  simple,  but  de- 
cisive experiments,  by  which  he  discovered 
the  latent  heat  of  steam.  His  means  and 
his  leisure  not  then  permitting  an  expensive 
and  complex  apparatus,  he  used  apothecaries* 
phials.  With  these,  he  ascertained  the  two 
main  facts,  first,  that  a  cubic  inch  of  water 
would  form  about  a  cubic  i  foot  of  ordinary 
steam,  or  1728  inches ;  and  that  the  conden- 
sation of  that  quantity  of  steam  would  heat 
six  cubic  inches  of  water  from  the  atmosphe- 
ric temperature  to  the  boiling  point.  Hence 
he  saw  that  six  times  the  difference  of  tem- 
perature, or  fully  900°  of  heat,  had  been 
«np1oyed  in  giving  elasticity  to  steam ;  which 
must  be  all  abstracted  before  a  complete  va- 
cuum could  be  procured  under  the  piston  of 
tlie  steam-engine.     These  practical  determi- 


naikions  h»  aftenirards  found  to  wee  pretty 
nearly  with  the  observations  of  Dr  Black. 
Though  Mr  Watt  was  then  known  to  the 
Doctor,  he  was  not  on  those  terms  of  inti- 
macy with  him  which  he  afterwards  came  to 
be,  nor  was  he  a  member  of  his  class. 

Mr  Watt*s  three  capital  improvements, 
whicli  seem  to  have  nearly  exhausted  the  re- 
sources of  science  and  art,  were  the  follow- 
ing :— 1.  The  separate  condensing  chest, 
immersed  in  a  body  of  cold  water,  and  con- 
nected merely  by  a  slender  pipe  with  tlie 
great  cylinder  in  which  the  impellitig  piston 
moved.  On  opening  a  valve  or  stopcock 
of  communication,  the  elastic  steam  which 
had  floated  the  ponderous  piston,  nished 
into  the  distant  chest  with  magical  velocity, 
leaving  an  almost  perfect  vacuum  in  the  cy- 
linder, into  which  the  piston  was  forced  by 
atmospheric  pressure.  What  had  appeared  im- 
possible to  all  previous  engineers,  was  thus  ac- 
complished. A  vacuum  was  formed  without 
cooling  the  cylinder  itself.  Thus  it  remain- 
ed boiling  hot,  ready  the  next  instant  to  re- 
ceive and  maintain  the  elastic  steam.  2.  His 
second  grand  improvement  consisted  in  clos- 
ing the  cylinder  at  top,  making  the  piston 
rod  slide  through  a  stuffing  box  in  the  lid, 
and  causing  the  steam  to  give  the  impulsive 
pressure,  instead  of  the  atmosphere.  Heuce^ 
forth  the  wa^te  of  heat  was  greatly  ^imlQidi- 
.  ed.  3.  The  final  improvement  was  the 
double  impulse,  wheieby  the  power  of  his 
engines,  which  was  before  so  great,  was  in  a 
moment  more  than  doubled.  The  counter^ 
weight  required  in  the  single  stroke  engine* 
to  depress  the  pump-end  of  the  working 
beam,  was  now  laid  aside.  He  thus  fbeed 
the  machine  from  a  dead  weight  or  drag  of 
many  hundred  pounds  which  had  hung  up^ 
on  it  from  its  birth,  about  seventy  yean 
before. 

The  application  of  steam  to  heat  apart' 
ments,  is  another  valuable  fruit  of  these 
studies.  Safety,  cleanliness,  and  comfort, 
thus  combine  in  giving  a  genial  warmth  for 
every  purpose  of  private  accommodation,  mr 
public  manufacture.  It  has  been  ascertain- 
ed, that  one  cubic  foot  of  boiler  will  heat 
about  two  thotuandfiet  of  space  in  a  cotton 
mill  whose  average  heat  is  from  70**  to  80*^ 
Fahr.  And  if  we  allow  25  cubic  feet  of  a 
boiler  for  a  horse's  power  in  a  steam-engine 
suppUed  by  it,  such  a  boiler  would  be  ade- 
quate to  the  warming  of  fifty  thousand  cubic 
feet  of  space.  It  has  been  also  ascertained^ 
that  one  square  foot  of  surfiice  of  steam  pipe, 
is  adequate  to  the  warming  of  two  hundred 
cubic  feet  of  space.  This  quantity  is  adapted  to 
a  well-finislied  ordinary  brick  or  stone  build- 
ing. The  safety-valve  on  the  boiler  should 
be  loaded  with  2^  pounds  for  an  area  of  a 
square  inch,  as  is  the  rule  for  Mr  Watt's 
engines.  Cast*iron  pipes  are  preferable  to 
all  others  for  the  diffusion  of  heat  Freedom 
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of  expansion  must  be  allowed,  which  in  cast- 
mm  may  be  taken  at  about  a  tenth  of  an 
inch  for  erery  ten  feet  in  length.  The  pipes 
hhould  be  distributed  within  a  few  inches  of 
the  floor. 

Steam  is  now  used  extensively  for  drying 
muslin  and  caUcoes.  Lai^  cylinders  are 
filled  with  itf  which,  diffusing  in  the  apart- 
ment a  tcmperetHre  of  100**  or  130**,  rapidly 
dry  the  suspended  cloth.  Occasionally  the 
eloth  is  made  to  glide  in  a  serpentine  manner 
closely  round  a  series  of  steam  cylinders,  ar- 
ranged in  parallel  rows.  It  is  thus  safely 
and  thoroughly  dried  in  the  course  of  a 
minute.  Experience  has  shown,  that  bright 
'  dyed  yams,  like  scarlet,  dried  in  a  common 
itfoDC  heat  of  128^,  have  their  colour  darkened, 
and  acquire  a  harsh  feel ;  while  similar  hanks, 
kid  on  a  steam  pipe  heated  up  to  165^  re- 
tain the  shade  and  lustre  they  possessed  in 
the  wetled  state,  llie  people  who  work  in 
steam  drying-rooros  are  healthy ;  those  who 
were  formerly  employed  in  the  stove-heated 
apartments,  became  soon  sickly  and  emaci- 
ated. These  injurious  effects  roust  be  ascrib- 
ed to  the  action  of  cast-iron  at  a  high  tem- 
perature on  tlie  atmosphere. 

Hie  heating  by  steam  of  lafge  quantities 
of  water  or  otiier  liquids,  either  for  baths  or 
manufactures,  may  be  effected  in  two  ways : 
that  is,  the  steam  pipe  may  be  plunged  witli 
an  open  end  into  the  water  cistern ;  or  the 
flieam  may  be  diffused  around  the  liquid  in 
the  interval  between  the  wooden  vessel  and 
an  interior  metallic  case.  The  second  mode 
is  of  universal  applicability.  Since  a  gallon 
of  water  in  the  form  of  steam  will  heat  6 
gallons  at  SOP  up  to  the  boiling  point,  or 
188^;  1  gallon  of  the  former  will  be  ade- 
quate to  heat  18  gallons  of  the  latter  up  to 
lOO^,  making  a  liberal  allowance  for  waste 
m  the  conducting  pipe. 

Cooking  of  food  for  man  and  cattle  is 
likewise  another  useful  application  of  steam ; 
<*  for,"  says  Dr  Black,  <*  it  is  the  most  effec- 
tual carrier  of  heat  that  can  be  conceived, 
and  will  deposit  it  only  on  such  bodies  as  are 
colder  than  boiling  water."  Hence,  in  a 
range  of  pots,  whenever  the  first  has  reached 
tlie  btalifig  point,  but  no  sooner,  the  steam 
will  go  onwards  to  the  second,  then  to  the 
third,  and  thus  in  succession.  Inspection  of 
the  last  will  therefore  satisfy  ns  of  the  condi- 
tion of  the  preceding  vessels.  Distillation 
lias  been  lately  practised,  by  surrounding  the 
sdll  with  a  strong  metallic  case,  and  filling 
tlie  interstice  wiUi  steam  heated  up  to  26(P 
or  280^.  But,  notwithstanding  of  safety, 
▼alves,  and  c$very  ordinary  attention,  danger- 
ous explosions  have  happened.  Distillation 
in  vacHQi  by  the  heat  of  external  steam  of 
ordinary  strengtli,  would  be  a  safe  and  ele- 
gant process.  The  old,  and  probably  very 
«xact  experiments  of  Mr  Watt  on  this  sub- 
ject, do  not  lead  us,  lioiveTer,  to  expect  any 


saving  of  fiiel  merely  by  the  vacuum  distilla- 
tion. **  The  unexpected  result  of  these  ex- 
perimenta  isy  that  there  is  no  advantage  to  be 
expected  in  the  manufacture  of  ardent  spirits 
by  distillation  in  vacuo.  For  we  find,  that  the 
latent  heat  of  the  steam  is  at  Ifeast  as  much 
increased  as  the  sensible  heat  is  diminished.*' 
—Dr  Black* $  Lectures,  vol.  i.  p.  190. 

By  advantage  is  evidently  meant  saving  of 
fueL     But  in  preparing  spirits,  ethers,  vine- 
gars, and  essential  oils,  there  would  undoubu 
edly  be  a  great  advantage  relative  to  flavour. 
Every  risk  of  empyreuma  is  removed. 

Chambers  filled  with  steam  heated  to  about 
125°  Fahr.,  have  been  introduced  with  ad- 
vantage into  medicine,  under  the  name  of 
vapour  baths.  Dry  air  has  also  been  used. 
It  can  be  tolerated  at  a  much  greater  heat 
than  moist  air;  see  Temperature.  A  large 
cradle,  containing  saw-dust  heated  with  steam, 
should  be  kept  in  readiness  at  the  houses 
erected  by  the  Humane  Society  for  the  reco- 
very of  drowned  jiersons ;  or  a  steam  cham- 
ber might  be  attached  to  them  for  this  pur- 
pose, as  well  as  general  medicinal  uses. 

I  have  thus  completed  what  I  conceive  to 
belong  directly  to  caloric  in  a  chemical  dic- 
tionary. Under  alcohol,  attraction,  Uuv^rijte, 
cUmatCt  combtution,  congelation,  digester^  dis- 
tUlation,  electricity t  gas,  light,  jtyrometer,  ther- 
mometer, viater,  some  interesting  correlative 
facts  will  be  found. 

CALORIMETER.  An  instrument  con- 
trived by  Lavoisier  and  Laplace,  to  measure 
the  heat  given  out  by  a  body  in  cooling,  fVoui 
the  quantity  of  ice  it  melts.  It  consists  of 
three  vessels,  one  placed  within  the  other,  so 
as  to  leave  two  cavities  between  them ;  and  a 
frame  of  iron  neUwork,  to  be  suspended  in 
the  middle  of  the  inner  vessel.  This  net- 
work is  to  hold  the  heated  body.  The  two 
exterior  concentric  interstices  are  filled  witli 
bruised  ice.  Hie  outermost  serres  to  screen 
from  the  atmosphere  the  ice  in  the  middle 
space,  by  the  fusion  of  which  the  heat  given 
out  by  the  central  hot  body  is  measured. 
The  water  runs  off  through  the  bottom,  whidi 
terminates  in  the  shape  <^  a  funnel,  witli  a 
stopcock. 

C A L P.  An argiilo-ferruginous limestone. 
CAMELEON  MINERAL.  When  pure 
potash  and  black  oxide  of  manganese  are 
fused  together  in  a  crucible,  a  compound  is 
formed,  whose  solution  in  water,  at  first  green, 
passes  spontaneously  through  the  whole  series 
of  coloured  rays  to  the  red.  From  this  latter 
tint,  the  solution  may  be  made  to  retrograde 
in  colour  to  tlie  original  green,  by  the  addi- 
tion of  potash ;  or  it  may  be  rendered  alto- 
gether colourless,  by  adding  eit|ier  sulphur- 
ous  acid  or  chlorine  to  the  solution,  in  which 
case  there  may  or  may  not  be  a  precipitate, 
according  to  circumstances.  MM.  Chevillot 
and  Edouard^havc  latelv  read  some  interest- 
ing  memoirs  on  this .  substance,  before  the 
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Academy  of  Sdences.  They  found,  thai  Purified  camphor  is  a  white  ooncrete  crys-. 
when  potash  and  the  green  oxide  of  manga-  talline  substance,  not  brittle,  but  easily  crum- 
nese  were  heated  in  close  Teasels,  containing  bled,  having  a  peculiar  conustence  ,reseni- 
asote,  no  cameleon  is  formed.  The  same  bling  that  of  spermaceti,  but  harder.  It  baa 
result  followed  with  the  brown  oxide,  and  a  strong  lively  smell,  and  an  acrid  taste;  is 
ultimately  with  the  black.  They  therefore  so  volatile  as  totally  to  exhale  when  left  ex- 
ascribe  the  phenomena  to  the  absorption  of  posed  in  a  warm  air ;  is  light  enough  to  swim 
oxygen,  which  is  greatest  when  the  oxide  of  on  water ;  and  is  very  inflammable,  burning 
manganese  equals  the  potash  in  weight  They  with  a  very  white  flame  and  smoke,  without 
reganl  it -as  a  manganeaiate  of  potash,  tbou^  any  residue. 

they  have  hitherto  failed  in  their  attempts  to  The  roots  of  zedoary,  thyme,  rosemary, 
separate  this  supposed  tetrpxide,  or  manga-  sage,  the  inula  hellenium,  the  anemony,  the 
nesic  acid.  When  acids  are  poured  upon  the  pasque  flower  or  Pulsatilla,  and  other  vege^ 
grefn  cameleon,  or  an  alkali  upon  the  red,  tables,  afford  camphor  by  distillation.  It  is 
they  are  equally  changed  from  one  colour  to  observable,  that  all  these  plants  afibrd  a  much 
the  other :  even  boiling  and  agitation  are  larger  quantity  of  camphor,  when  the  sap  has 
sufficient  to  disengage  the  excess  of  potash  been  suffered  to  pass  to  the  concrete  sute  by. 
in  the  green  cameleon,  and  to  change  it  into  several  months'  drying.  Tliyme  and  pepper- 
red.  Many  acids  also,  when  used  in  excess,  mint,  slowly  dried,  afford  much  camphor; 
decompose  the  cameleon  entirely,  by  taking  and  M.  Achard  has  observed,  that  a  smell  of 
the  potash  firom  it,  disengaging  the  oxygen,  camphor  is  disengaged  when  volatile  oil  of 
and  precipitating  die  manganese  in  the  state  fennel  is  treated  with  acids, 
of  black  oxide.  Sugar,  gums,  and  several  M.  Kind,  a  German  chemist^  endeaffour*^ 
other  substances,  capable  of  taking  away  the  ing  to  incorporate  muriatic  acid  gas  with  oil* 
oxygen,  also  decompose  the  cameleon,  and  of  turpentine,  by  putting  this  oil  into  the  ves-. 
an  exposure  to  the  air  likewise  produces  the  sels  in  which  the  gas  was  recdved  when  ex- 
same  effect  Soda,  baryta,  and  strontia,  also  tricated,  found  the  oil  change,  first  yellow, 
afford  peculiar  cameleons.  The  red  potash  then  brown,  and  lastly  to  be  almost  wholly 
cameleon  is  perfectly  neutral.  Phosphorus,  coagulated  into  a  crystalline  mass,  which  com-, 
brought  in  contact  with  it,  produces  a  de-  ported  itself  in  every  respect  like  camphor, 
tonation ;  and  it  sets  some  other  combustibles  Tromsdorff  and  Boullay  confirm  this.  A 
on  fire.  Exposed  alone  to  heat,  it  is  resolved  small  quantity  of  camphor  may  be  obtained 
into  oxygen,  black  oxide  of  manganese,  and  from  oil  of  turpentine  by  simple  distillation, 
green  cameleon,  or  submanganesiate  of  pot-  at  a  very  gentle  heat  Other  essential  oils, 
aali.  however,  afford  more.     By  evaporation  in-. 

CAMPEACHY    WOOD.      See   Log-  shallow  vessels,  at  a  heat  not  exceeding  57^ 

WOOD.  F.,  M.  Proust  obtained  horn  oil  of  lavender. 

CAMPHOR.  There  are  two  kinds  grow  .25,  of  sage  .21,  of  maijoram .  1014,  of  i 


in  the  East ;  the  one  produced  in  the  islands  mary  .0625.     He  conducted  the  operation 

of  Sumatra  and  Borneo,  and  the  other  pro-  on  a  pretty  large  scale. 

duced  in  Japan  and  China.  Camphor  is  not  soluble  in  water  in  any 

Camphor  is  extracted  from  the  roots,  wood,  perceptible  degree,  though  it  communicates 

and  leaves  of  two  species  of  laurus,  the  roots  its  smell  to  that  fluid,  and  may  be  burned  as 

affording  by  iar  the  greatest  abundance.   The  it  floats  on  its  surface.     It  is  said,  however, 

method  consists  in  distilling  with  water  in  that  a  surgeon  at  Madrid  has  effected  its- 

large  iron  pots,  serving  as  the  body  of  a  still,  solution  in  water,  by  means  of  the  carbonic, 

with   earthen  heads  adapted,   stuffed  with  acid. 

straw,  and  provided  with  receivers.    Most  of  Camphor  may  be  powdered  by  moistening, 

the  camphor  becomes  condensed  in  the  solid  it  with  alcohol,  and  triturating  it  till  dry*   !(• 

form  among  the  straw,  and  part  comes  over  may  be  formed  into  an  emulsidn  by  previoua 

with  the  water.  grinding  with  near  three  times  its  wei^  of 

The  sublimation  of  camphor  is  performed  almonds,  and  afterwards  gradually  adding  the- 

in  low  flat-bottomed  glass  vessels  placed  in  water.     Yolk  of  egg  and  mucilages  are  also 

sand ;  and  the  camphor  becomes  concrete  in  effectual  for  this  purpose;  but  sugar  does  not 

a  pure  state  against  the  upper  part,  whence  answer  well, 

it  is  afterwards  separated  with  a  knife,  after  It  has  been  observed  by  Romieu,  that  small, 

breaking  the  glass.     Lewis  asserts,  that  no  pieces  of  camphor  floating  on^water  baye  a 

addition  is  requisite  in  the  purification  of  rotatory  motion. 

camphor ;  but  that  the  chief  point  consists  in  Alcohol,  ethers,  and  oils,  disaolv?  canw 

managing  the  fire,  so  that  the  upper  part  of  phor. 

the  vessel  may  be  hot  enough  to  bake  the  The  addition  of  water  to  the  spirituous  or 

sublimate  together  into  a  kind  of  cake.  Chap-  acid  solutions  of  camphor,  instantly  separates 

tal  says,  the  Hollanders  mix  an  ounce  of  it 

quicklime  with  every  pound  of  camphor  pre-  Mr  Hatchett  has  particularly  examined  the 

vtons  to  the  distillation.  action  of  sulphuric  acid  on  camphor.     A 
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•Imndrad  gnum  ot  cUDjAKnr  wcra  digcolod  in 
an  ounce  of  concentrated  sulphuric  add  for 
tiro  dajs.  A  gentle  beat  was  tben  applied, 
>aad  the  digeatioo  continued  for  two  dajrs 
loiter.  Six  ounces  of  water  wen  then  added, 
and  the  whole  distilled  to  dryness.  Three 
graina  of  an  essential  oil,  having  a  mixed 
odour  of  lavender  and  peppermint,  came  over 
with  the  water.  The  residuum  being  treated 
twiee  with  two  ounces  of  alcohol  each  time, 
iifty-three  grains  of  a  compact  coal  in  small 
frsgments  remained  undiseolved.  The  alco- 
hol* being  evaporated  in  a  water  bath,  yielded 
fortj-nine  grains  of  a.  bladusb-brown  sub- 
stance, which  was  bitter,  astringent,  had  the 
smell  of  caromel,  and  formed  a  dark  brown 
solution  with  water.  This  solution  threw 
down  very  dark  brown  precipitates,  with  suU 
phate  of  iron,  acetate  of  lead,  muriate  of  tin, 
and  nitrate  of  lime.  It  precipitated  gold  in 
the  metallic  state.  Isinglass  threw  down  the 
whole  of  what  was  dissolved  in  a  nearly  black 
precipitate. 

IVhen  nitnc  acid  is  distilled  repeatedly  in 
large  quantities  from  camphor,  it  converts  it 
into  a  peculiar  add.  See  Acu>  (CAMrtiO* 
Bic). 

Camphor  melts  at  288<>,  and  boils  at  the 
torapeivture  of  400^.  By  my  analysis,  caniF- 
pbor  is  composed,  in  100  parts,  of  77.38  car- 
bon, 11.14  hydrogen,  and  11.48  oxygen.  It 
is  therefore  nearly  represented  by 

Carbon,         10  atoms  7.5  7a02 

Hydrogen,     9  1.125         11.56 

Oxygen,         1  1.  10^40 

9.625      100.00 
or,  9  atoms  olefiant  gas  -|«>  1  atom  carbonic 


As  an  internal  medicine*  camplior  has  been 
frequently  employed  in  doses  from  5  to  20 
grains,  with  much  advantage^  to  procure 
bleep  in  mania,  and  to  counteract  gangrene. 
Though  a  manifest  stimulant,  when  exieiw 
nally  applied,  it  appears  from  the  reports  of 
Cullen  and  others,  rather  to  diminish  the 
enimal  temperature  and  the  frequency  of  the 
pulse.  In  large  doses  it  acts  as  a  poison,  an 
effect  best  counteracted  by  opium.  It  is  ad- 
ministered to  alleviate  the  irritating  effects  of 
cantharides,  mewreon,  the  saline  preparations 
of  mercury,  and  drastic  purgatives.  Xi  le»> 
aens  the  nauseating  tendency  of  squill,  and 
prevents  it  from  irritating  the  bladder.  It 
is  employed  externally  as  a  discutient.  Its 
effluvia  are  very  offensive  to  insects,  on  which 
account  it  is  much  used  to  defend  subjects  of 
natural  history  from  their  ravages. 

CANCER  (MATTER  OF).  TTiis  mor- 
bid  secretion  was  found  by  Dr  Crawford  to 
give  a  green  colour  to  syrup  of  violets,  and, 
treated  with  sulphuric  acid,  to  emit  a  gas 
resembling  sulphuretted  hydrogen,  which  be 
aupposes  to  have  existed  in  combination  with 
ammonia  in  the  ulcer.  Hence,  the  action  of 
virulent  pus  on  metallic  saltb  He  likewise 
observed,  that  its  odour  was  destroyed  by 
aqueous  chlorine,  which  he  therefore  recom- 
mends for  washing  cancerous  sores. 

CANDLE&  Cylinders  of  tallow  or  war, 
containing  in  their  axis  a  spongy  cord  of  cot- 
ton or  hemp.  A  few  years  ago  I  made  a  set 
of  experimoits  on  the  relative  intensities  of 
light,  and  duration  Qf  different  candles,  the 
result  of  which  is  contained  in  the  following 
table. 


Number  in  a 
Found. 

Duration  of  a 
Candle 

Weigbt  in 
grains. 

Consumption 

pertaour, 

grains. 

Propoition 
ofbght 

Economy  of 
light 

Candles 

equal 

one  Argand. 

10  mould, 
10  dipped, 

8  mould, 

6  do. 

4  do. 
Argand  oO 

flame, 

5b.     9m. 
4       36 

6  31 

7  2i 
9      36 

682 

672 

856 

1160 

1787 

132 
150 
132 
163 
186 

512 

12i 

13 

lOJ 

14| 

20} 

69.4 

68 

65| 

59} 

66 

80 

100 

5.7 

5.25 

6.6 

5.0 

3,5 

A  Scotch  mutchkin  or  l-8th  of  a  gallon 
of  good  seal  oil,  weighs  6010  gr.  or  13  and 
1-lOth  oz,  avordupois,  and  lasts  in  a  bright 
Aigand  lamp  11  hours  44  minutes.  The 
weight  of  oil  it  consumes  per  hour  is  equal 
to  four  times  the  weight  of  tallow  in  candles 
8  to  the  pound,  and  3y  times  tlie  weight  of 
tallow  in  candles  6  to  the  pound.  But  its 
light  being  equal  to  that  of  five  of  the  latter 
candles,  it  appears  from  the  above  table,  that 
2  pounds  weight  of  oil,  value  9d.  in  an  Ar- 
gand, are  equivalent  in  illuminating  power 
to  3  pounds  of  tallow  candles^  which  co^t 


about  two  shillings.  The  larger  the  flame 
in  the  above  candles,  the  greater  the  econo- 
my of  light 

CANNEL  COAL.    See  Coal. 

CANNON  METAL.     See  Coppeb. 

CANTHARIDES.  Insects  vulgarly  call- 
ed  Spanish  flies :  lytta  veaicatoria  is  the  name 
adopted  from  Gmelin  by  the  London  college. 
This  insect  is  two-thirds  of  an  inch  in  length, 
one- fourth  in  breadth,  oblong,  and  of  a  gold 
shining  colour,  with  soft  elytera  or  wing 
sheaths,  marked  with  tliree  longitudinal  rais- 
ed stripes,  and  covering  brown  membranous 
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wings.  An  iiuect  of  a  iquare  form,  with 
black  feeC»  bat  poaseflted  of  no  voicadog 
pfx>perty,  is  sometimes  mixed  witk  the  can- 
thartdes.  They  have  a  heavy  disagreeable 
odour,  and  acrid  taste. 

If  die  inspissated  watery  decoction  of  these 
insects  be  treated  with  pure  alcohol,  a  solu- 
tion of  a  resinous  matter  is  obtained,  which 
being  separated  by  gentle  evaporation  to  dry- 
ness, and  submitted  for  some  time  to  the 
action  of  sulphuric  ether,  forms  a  yellow  so- 
lution. By  spontaneous  evaporation,  crys- 
talline plates  are  deposited,  which  may  be 
freed  from  some  adhering  colouring  matter 
by  alcohol.  Their  appearance  is  like  sper- 
macetL  Tiiey  are  soluble  in  boiling  alcohol, 
but  precipitate  as  it  cools.  They  do  not  di»- 
solve  in  water.  According  to  M .  Robiquet, 
who  first  discovered  them,  these  plates  form 
the  true  blistering  principle,  liiey  might 
be  called  Vesicatobin.  Besides  the  above 
peculiar  body,  cantharides  contain,  according 
to  M.  Robiquet,  a  green  bland  oil,  insoluble 
in  water,  soluble  in  alcohol ;  a  black  matteiv 
soluble  in  water,  insoluble  in  alcohol,  with- 
out blistering  properties;  a  yellow  viscid 
matter,  mild,  soluble  in  water  and  alcohol; 
the  crystalline  plates ;  a  fatty  bland  matter ; 
phosphates  of  lime  and  magnesia;  a  little 
acetic  add,  and  much  lithic  or  uric  add* 
The  blistering  fly  taken  into  the  stomach  in 
doses  of  a  few  grains,  acts  as  a  poison,  oc- 
casioning horrible  satyriasis,  deUrium,  con- 
vulsions, and  death.  Some  frightful  cases 
are  related  by  Orfila,  vol.  L  part  2.  Oils, 
milk,  syrups,  frictions  on  the  spine,  with  vo- 
latile liniment  and  laudanum,  and  draughts 
containing  musk,  opium,  and  camphoretted 
emulsion,  are  the  best  antidotes. 

Cantharides  consist,  by  my  analjrsis,  of 
4a64  carbon  -{-  5.99  hydrogen  +  36.29 
oiygen  -|-  9.08  azote  :=  100.  ITieir  con- 
stitution approximates  to 

Carbon,      1 1  atoms  9. 75 
'     Hydrogen,  10  1.25 

Oxygen,       7  7.00 

Azote,  1  1.75 

19.75  100.0 
C  A  OUTCHOUC.  This  substance,  which 
has  been  improperly  termed  elaaic  gum,  and 
vulgarly,  from  its  conunon  application  to  rub 
out  pencil  marks  on  paper,  Indin  rubbery  is 
obtained  from  the  milky  juice  of  different 
plants  in  hot  countries.  The  chief  of  these 
are  the  Jatropha  eltuticoj  and  Urc&Aa  elastica. 
The  juice  is  applied  in  successive  coatings 
on  a  mould  of  day,  and  dried  by  the  fire  or 
in  the  sun ;  and  when  of  a  sufiicient  thick- 
ness, the  mould  is  crushed,  and  the  pieces 
shaken  out  Adds  separate  the  caoutchouc 
from  the  thinner  part  of  the  juice  at  once 
by  coagukiting  it.  The  juice  of  old  plants 
yields  nearly  two-tfiirds  of  its  wdght ;  that 
of  younger  planU  less.     Its  colour,  when 


fresh,  is  yeUowish^wfaite,  bat  it  gr»wi  daiter 
by  exposure  to  the  air. 

The  elastidty  of  this  substance  is  its  OMMt 
remarkable  property:  when  vransed,  as  by 
immernon  in  Imt  water,  slipa  of  k  may  be 
dmwn  out  to  seven  or  dgbt  times  their  ori- 
ginal length,  and  will  return  to  their  fbrmer 
dimensions  nearly.  Cold  renders  it  stiff  and 
rigid,  but  warmdi  restores  its  original  dosti- 
dty*  Exposed  to  the  fire  it  sof&ns,  swvUs 
up,  and  bums  with  a  bright  flame.  In  Ca- 
yenne it  is  used  to  give  light  as  a  candle. 
Its  solvents  are  ether,  volatile  oils,  and  petro- 
leum. The  ether,  however,  requires  to  be 
washed  with  wat^  repeatedly ;  and  in  this 
aute  it  dissolves  it  completdy.  PeDetier 
i«commends  to  boil  the  caoutchouc  in  water 
for  an  hour;  then  to  cut  it  into  ^slender 
threads;  to  boil  it  again  about  an  hour;  and 
tlien  to  put  it  into  rectified  sulphuric  ether 
in  a  vessel  dose  stopped.  In  this  way,  he 
says,  it  will  be  totally  dtiscrfved  in  a  few  days 
without  heat,  except  the  impurities,  which 
will  fall  to  the  bottom  if  ether  enough  be 
employed.  Bemiard  says,  the  nitrous  ether 
dissolves  it  better  than  the  sulphuric.  If 
this  solution  be  spread  on  any  substance,  the 
ether  evaporates  very  quiddy,  and  leaves  a 
coating  of  caoutchouc  unaltered  in  its  pro- 
perties. Naphtha,  or  petroleum,  rectified 
into  a  colourless  liquid,  dissolves  it,  and  like» 
wise  leaves  it  unchanged  by  evaporation. 
Oil  of  turpentine  softens  it,  and  forms  a 
pasty  mass,  that  may  be  spread  as  a  varnish, 
but  is  very  long  in  drying.  A  solution  of 
caoutchouc  in  five  times  its  weight  of  oil  of 
turpentine,  and  this  solution  dissolved  in 
eight  times  its  wdght  of  drying  linseed  oil 
by  boiling,  is  said  to  form  the  varnish  of  air- 
balloons.  Alkalis  act  upon  it  so  as  in  time 
to  destroy  its  elastidty.  Sulphuric  add  is 
decomposed  by  it;  sulphurous  acid  bdng 
evolved,  and  the  caoutchouc  converted  into 
charcoaL  Nitric  add  acts  upon  it  vrith  heat ; 
nitrous  gas  bdng  given  out,  and  oxalic  add 
crystallizing  from  the  residuum.  On  distil- 
lation it  gives  out  ammonia  and  carburetted 
hydrogen. 

By  my  analysis,  caoutchouc  is  composed, 
in  100  parts,  of  90.00  carbon,  9. 1 1  hydrogen, 
and  0. 88  oxygen.  It  probably  consists  there- 
fore of 

Carbon,       3  atoms   2.25        90 
Hydrogen,  2  0.25         10 

2.50  100 
or  it  is  a  sesqui-cari)uretted  hydrogen.  The 
oxygen  deduced  from  experiment  is  in  such 
small  quantity,  as  to  leave  a  doubt  whether 
it  be  essential  to  this  body,  or  imbibed  in 
minute  quantity  from  the  atmosphere  during 
its  consolidation. 

Mr  Faraday  has  lately  written  an  inge^ 
nious  memoir  on  caoutchouc.  He  obtained 
it  from  Mexico  in  the  fluid  state,  nearly  as  it 
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iiexud«B  fron  the  tree.  Hie  <mly  attemtion 
was  a  aligbt  film  of  woM  eabutcbouc  <m  the 
•emikce  of  the  cork  which  dosed  the  bottle^ 
The  Hud  was  a  pale  yeUow,  thick)  cream- 
looking  substancev  of  uniform  consistency. 
It  had  a  disagreeable  acescent  odour,  some^ 
thing  resembting  that  of  putrescent  milk ;  its 
ap.  gr.  was  1.01 1 74^  When  exposed  to  the 
air  in  thin  films  it  soon  dried,  losing  weighs 
«od  leaving  caoutchouc  of  the  usual  appear- 
soce  and  colour^  and  very  tough  and  elastic. 
202.4  gr.  of  the  liquid^  dried  in  a  Wedge*- 
upood  basin  at  100^  F.,  became  in  a  few 
days  94l4  grains,  and  the  solid  piece  formed 
being  then  removed  Irom  the  capsule,  and 
exposed  on  all  sides  to  the  air  until  quite 
dry,  became  01  grains.  Hence  100  parts  of 
juice  left  nearly  45  of  solid  matter.  Heat 
immediately  coagulates  tiie  juice^  the  caout- 
chouc separating  in  its  solid  form  from  the 
nqueous  matter.  Alcohol  has  a  similar 
efiect.  The  juice  mixes  freely  with  water, 
but  after  some  time  a  creamy  portion  rises 
Co  the  top>  while  a  clear  watery  solution  of 
Ae  matters  associated  with  caoutchouc  in  tiie 
juice  remains  below.  In  this  way  liquid 
csotttchouc  may  be  purified  by  wasliing. 
When  this  is  thrown  on  a  filter,  the  water 
passes  through  and  leaves  coagulated  caout- 
chouc This  pure  transparent  substance  has, 
when  dty,  a  sp.  gravity  of  0.025.  It  is  a 
non-conductor  of  electricity.  It  is  not  dis- 
solved when  boiled  in  solution  of  potash. 
**  It  yields  no  ammonia  by  destructive  dis- 
tillation, nor  any  compounds  of  oxygen ;  and 
nay  experiments  agree  with  those  of  Dr  Ure, 
in  indicating  carbon  and  hydrogen  as  its  only 
elements.  I  have  not  however  been  able  to 
verify  his  proportions,  which  are  00  carbon, 
9. 1 1  hydn^n,  or  by  theory  nearly  3  pro- 
portionals of  carbon  to  2  of  hydrogen,  and 
have  never  obtained  quite  so  much  as  7  car* 
bon  to  1  hydrogen  by  weight"  This  differ- 
ence in  Mr  Faraday's  results,  I  would  as- 
cribe to  a  difference  in  the  nature  of  the 
caoutchouc;  for  it  is  certain  that  by  my 
mode  of  ultimate  analysis  I  can  never  have 
an  error  of  carbon  in  excess.  Mr  Faraday's 
mean  results  are,  B  atoms  of  carbon  -)-  1 
ef  .hydrogen  nearly. -^owmo/  of  Science, 
xxL  19. 

.Caoutchouc  may  be  formed  into  various 
articles  without  undergoing  the  process  of  so- 
lution. If  it  be  cut  into  an  unifbrm  slip  of  a 
proper  thickness,  and  wound  spirally  round  a 
glass  or  metal  rod,  so  that  theedges  shall  be 
in  close  contact,  and  in  this  state  be  boiled 
for  some  time,  the  edges  will  adhere  so  as  to 
form  a  tube.  Pieces  of  it  may  be  readily 
joined  by  touching  the  edges  with  the  solu- 
tion in  ether ;  but  this  is  not  at»olutely  ne- 
cessary, for,  if  they  be  merely  softened  by 
heat,  and  then  prnsed  together,  they  will 
unite  very  firmly. 

If  linseed  oil  be  rendered  very  drying,  by 


digesting  it  upon  an  oxide  of  lead,  and  alWr* 
ward  applied  with  a  small  brush  on  any  sur- 
face, and  dried  by  the  sun  or  in  the  smoke,  it 
will  afford  a  pellicle  of  considerable  firmness, 
transparent,  burning  like  caoutchouc,  and 
wonderfully  elas^c.  A  pound  of  this  oil, 
spread  upon  a  stone,  and  exposed  to  the  air 
for  six  or  seren  months,  acquired  almost  all 
the  properties  of  cadutchouc :  it  was  used  to 
make  catheters  and  bougies,  to  varnish  bal- 
loons, and  for  other  purposes. 

Of  the  mineral  caoutchouc  there  are  several 
varieties :  1 .  Of  a  blackish>brown  inclining  to 
olive,  soft,  exceedingly  compressible^  unctu- 
ous, with  a  slightly  aromatic  smell.  It  burns 
with  a  bright  flame,  leaving  a  black  oily  re- 
siduum, which  does  not  become  dry.  2. 
Black,  dry,  and  cracked  on  the  surface,  but 
when  cut  into,  of  a  yellowLsh-white.  A  fluid 
ftsembling  pyrolignic  acid  exudes  from  it 
when  recently  cut  It  is  pellucid  on  the 
edges,  and  nearly  of  a  hyacinthine-red  co- 
lour. 3.  Similar  to  the  preceding,  but  of  a 
somewhat  firmer  texture,  and  ligneous  ap- 
pearance, from  having  acquired  consistency 
in  repeated  layers.  4.  Resembling  the  first 
variety,  but  of  a  darker  colour,  and  adher- 
ing to  grey  calcareous  spar,  with  some  grains 
of  galaena.  5.  Of  a  liver-brown  colour,  hav- 
ing the  aspect  of  the  vegetable  caoutchouc, 
but  passing  by  gradual  transition  into  a 
brittle  bitumen,  of  vitreous  lustre,  and  a  yel- 
lowish colour.  6.  Dull  reddish-brown,  of  n 
spongy  cork-like  texture,  containing  blackish- 
grey  nuclei  of  impure  caoutchouc.  Many 
more  varieties  are  enumerated. 

One  specimen  of  this  caoutchouc  has  been 
found  in  a  petrified  marine  shell  enclosed  in 
a  rock,  and  another  enclosed  in  cry&tallized 
fluor-spar. 

The  mineral  caoutchouc  resists  the  action 
of  solvents  still  more  than  the  vegetable.  The 
rectified  oil  of  petroleum  affects  it  most,  par- 
ticularly when  by  partial  burning  it  is  resolved 
into  a  pitchy  viscous  substance.  A  hundred 
grains  of  a  specimen  analyzed  in  the  dry  way 
by  Klaproth,  afforded  carburetted  hydrogen 
gis  38  cubic  inches,  carbonic  acid  gas  4,  bitu- 
niinous  oil  73  grains,  acidulous  phlegm  1.5, 
diarcoal  6.25^  lime  2,  silex  1.5^  oxide  of  iron 
.75,  sulphate  of  lime  .5,  alumina  .25. 

CAPUT  MORTUUM.  The  inert  resi- 
duum of  a  distillation,  or  sublimation,  llie 
term  is  nearly  obsolete. 

CARAT.     See  Assay,  and  Diamond. 

CARBAZOTATES.     See  Aao  (Car- 

BAZOTIC). 

CARBON.  When  vegetable  matter,  par- 
ticularly the  more  solid,  as  wood,  is  exposeil 
to  heat  in  close  vessels,  the  volatile  parts  fly 
off,  and  leave  behind  a  black  porous  sub- 
stance, which  is  charcoal.  If  this  be  suffer- 
ed to  undergo  combustion  in  contact  with 
oxygen,  or  with  atmospheric  ur,  much  the 
greater  part  of  it  will  combine  with  the  oxy- 
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go^  and  eicape  in  the  fonn  of  gM ;  lonring 
about  a  two-hundredth  part,  which  consista 
chiefly  of  different  aalina  and  metallic  aub- 
atances.  Thia  pure  inflammable  part  of  the 
charcoal  ia  what  is  commonly  called  carbon: 
and  if  the  gas  be  received  into  proper  vesaela, 
the  carbon  will  be  found  to  have  been  con- 
certed by  the  oxygen  into  an  acid,  called  the 
carbonic     See  Acid  (Cabbonk). 

From  the  circumstance,  that  inflammable 
aubstaaces  refract  light  in  a  ratio  greater  than 
that  of  their  densities,  Newton  inferred  that 
the  diamond  was  inflamuMble.  The  quantity 
of  the  inflammable  part  of  charcoal  requisite 
to  form  a  hundred  parts  of  carbonic  add,  was 
calculated  by  Lavoisier  to  be  twenty-dght 
parts.  From  a  careful  experimeut  of  Mr 
Tennant,  27.6  parts  of  diamond,  and  72.4  of 
0zygen,  formed  100  of  carbonic  acid ;  and 
hence  he  inferred  the  identity  of  diamond  aad 
the  inflammable  part  of  charcoal. 

Diamonds  had  been  frequently  consumed 
in  the  open  air  with  burning-glasses;  but 
Lavoisier  first  consumed  them  in  oxygen  gaa, 
and  discovered  carbonic  acid  to  be  the  only 
lesulL  Sir  George  Mackenxie  showed,  that  a 
red  heat,  inferior  to  what  melts  silver,  is  suf- 
ficient to  bum  diamonds.  They  first  enlarge 
somewhat  in  volume,  and  then  waste  with  a 
feeble  flame.  M.  Guyton  Morveau  was  the 
first  who  dropped  diamonds  into  melted  nitre, 
and  observed  the  formation  of  carbonic  add. 

From  a  number  of  experiments  which  M. 
Biot  has  made  on  the  refraction  of  different 
substances,  he  has  been  led  to  form  a  different 
opinion.  According  to  him,  if  the  elements 
of  which  a  substance  is  composed  be  known, 
their  proportions  may  be  calculated  with  the 
greatest  accuracy  from  their  refractive  powers. 
Thus  he  finds,  that  the  diamond  cannot  be 
pure  carbon,  but  requires  at  least  one-fourth 
of  hydrogen,  which  has  the  greatest  refractive 
power  of  any  substance,  to  make  its  refraction 
commensurate  to  iu  density. 

In  1809,  Messrs  Allen  and  Pepys  made 
some  accurate  researches  on  the  combustion  of 
various  spedes  of  carbon  in  oxygen,  by  means 
of  an  elegant  apparatus  of  their  own  con- 
trivance. A  platina  tube  traversing  a  fur- 
nace, and  containing  a  given  wdght  of  the 
carbonaceous  substance,  was  connected  at  the 
ends  with  two  mercurial  gasometers,  one  of 
which  was  filled  with  oxygen  gas,  and  the 
other  was  empty.  The  same  wdgbt  of  dia^ 
mond,  carbon,  and  plumbago,  yielded  very 
nearly  the  same  volume  of  carbonic  add.  Sir 
II.  Davy  was  the  fir»t  to  show  that  the  dia*- 
mond  was  capable  of  supporting  its  own  com- 
bustion in  oxygen,  without  the  continued  ap- 
plication of  extraneous  heat;  and  he  thus  ob- 
viated one  of  ^e  apparent  anomalies  of  this 
body,  compared  with  charcoal.  This  phe- 
nomenon, by  his  method,  can  now  be  easily 
exhibited.  If  the  diamond,  supported  in  a 
perfonied  cup,  be  fixed  at  the  end  of  a  jet, 


so  tiiat  a  stream  of  hydrogen  can  be  tfarowA 
cm  it,  it  is  easy,  by  inflaming  the  jet,  to  ignite 
the  gem,  and  whilst  in  that  state  to  intro- 
duce it  into  a  globe  or  flask  containing  oxy- 
gen. On  turning  off  the  hydrogen,  the 
diamond  enters  into  combustion,  and  will  go 
on  burning  till  nearly  consumed.  Hie  loaa 
of  wdght,  and  corresponding  production  of 
carbonic  add,  were  thua  beautifully  shown. 
A  neat  form  of  apparatus  lor  tids  purpose  ia 
delineated  by  Mr  Faraday,  in  the  9th  volumo 
of  the  Journal  of  Sdenoe.  Sir  H.  Davy  found, 
thatdiamonda  gave  a  volume  of  pure  carbonic 
add  equal  to  the  oxygen  consumed ;  charconl 
and  plumbago  afforded  a  minute  portion  of 
hydrogen.     See  Dtahond. 

Well-bumed  charcoal  is  a  conductor  of 
electridty,  though  wood  simply  deprived  of 
its  moisture  by  baking  is  a  non-condudor  ; 
but  it  is  a  very  bad  conductor  of  caloric,  a 
property  of  considerable  use  on  many  occa*> 
sions,  as  in  lining  cmdbles. 

It  is  insoluble  in  water,  and  hence  the 
utility  of  charring  the  surface  of  wood  ex* 
posed  to  that  liquid,  in  order  to  preserve  it« 
a  drcumstance  not  unknown  to  the  andenta. 
This  preparation  of  timber  has  been  proposed 
as  an  effectual  preventive  of  what  is  com- 
monly called  the  dry-rot.  It  has  an  attract 
tion,  however,  for  a  certain  pordon  <if  water, 
which  it  retains  very  forcibly.  Heated  red* 
hot,  or  nearly  so,  it  decomposes  water ;  form* 
ing  with  its  oxygen  carbonic  add,  or  carbonic 
oxide,  according  to  tlie  quantity  present ;  and 
with  the  hydrogen  a  gaseous  carburet,  oslled 
carburetted  hydrogen,  or  heavy  inflammable 
air. 

Charcoal  b  infusible  by  any  heat.  If  ex* 
posed  to  a  very  high  temperature  in  dose  vea- 
sels,  it  loses  little  or  nothing  of  ite  weight,  b«t 
shrinks,  becomes  more  compact,  and  aoquirea 
a  deeper  black  colour. 

Recently  prepared  charcoal  has  a  remark- 
able property  of  absorbing  different  gases» 
and  condensing  them  in  iu  pores,  without 
any  alteration  of  thdr  properties  or  its  own. 
The  following  are  the  latest  resulu  of  M. 
Theodore  de  Saussure  with  boxwood  charcoal, 
the  most  powerful  spedes  :— 

Gaseous  ammonia,  -  90  vols* 

•    Ditto      muriatic  add,         -        85 
Ditto      sulphurous  add,  65 

Sulphuretted  hydrogen,        -        55 
Nitrous  oxide,  .  •         40 

Carbonic  oxide,  -  -       35 

defiant  gas,         -         -         -       35 
Carbonic  oxide,  •        •  9.42 

Oxygen,         .        -        -        >       9.25 
Azote,        ....  7.5 

Light  gas  from  moist  charcoal,      .  5.0 
Hydrogen,  -  -  1.75 

Very  light  charcoal,  such  as  that  of  cork, 
absorbs  scarcely  any  air;  while  the  pit^^xMl 
of  RasUberg,  sp.  gr.  1.326,  absorbs  10^  times 
its  volume.     The  absorption  was  always  com- 
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plcted'  in  9&  bouiB.  Tbia  cuiious  faclil^,  tout  by  diBtiJlmion  tram  charcoal ;  but  If  too 
"which  is  ooEOiiMm  to  all  porous  bodies,  reseia-  much  be  used,  part  of  the  spirit  is  decomposed. 
bles  the  action  of  capillary  tubes  on  liquids.  Simple  maceration,  for  eight  or  ten  days,  in 
When  a  piece  of  charcoal,  charged  with  one  the  proportion  of  about  1- 150th  of  the  weight 
gas,  is  transferred  into  another,  it  absorbs  some  of  the  spirit,  improves  the  flavour  much.  It 
of  i^  and  parts  with  a  portion  of  that  first  con-  is  necessary  that  the  charcoal  be  well  burned, 
densed.  In  the  experiments  of  Messrs  Allen  brought  to  a  red  heat  before  it  is  used,  and 
and  P^ys,  charcoal  was  found  to  imbibe  from  used  as  soon  as  may  be,  or  at  least  be  care- 
the  atmosphere  in  a  day  about  l-8th  of  its  fully  excluded  from  the  air.  The  proper  pro- 
weight  of  water.  For  a  general  view  of  ab-  portion  too  should  be  ascertained  by  experi- 
sorption,  see  Gas.  ment  on  a  small  scale.     The  charcoal  may  be 

When  oxygen  is  condensed  by  charcoal,  used  repeatedly,  by  exposing  it  ibr  some  time 

carbonic  acid  is  observed  to  form  at  the  end  to  a  red  heat  before  it  is  again  employed. 

of  leveral  months.     But  the  most  remarkable  Charcoal  is  used  on  particular  occasions  as 

property  displayed  by  charcoals  impregnated  fuel,  on  account  of  its  giving  a  strong  and 

with  gas,  is  that  with  sulphuretted  hydrogen,  steady  heat  without  smoke.     It  is  employed 

when  exposed  to  the  air  or  oxygen  gas.     The  to  convert  iron  into  steel  by  cementation.    It 

sulphuretted  hydn^en  is  speedily  destroyed,  enters  into  the  composition  of  gunpowder, 

and  water  and  sulphur  result,  with  the  disen-  In  its  finer  states,  as  in  ivory-black,  lamp- 

gagement  of  considerable  heat.     Hydrogen  black,  &c.  it  forms  the  basis  of  black  paints» 

alone  has  no  such  effects.    When  charcoal  was  Indian  ink,  and  printers*  ink. 

exposed  by  Sir  H.  Davy  to  intense  ignition  The  purest  carbon  for  chemical  purposes 

t«  $Mcuot  and  in  condensed  asote,  by  means  is  obtained  by  strongly  igniting  lamp-black 

of  Mr  Children's  magnificent  voltaic  battery,  in  a  covered  crucible,     "nib  yields,  like  the 

it  slowly  volatilized,  and  gave  out  a  little  by-  diamond,  unmixed  carbonic  acid  by  combus- 

drogen.   The  remaining  part  was  always  much  tion  in  oxygen. 

harder  than  before;  and  in  one  case  so  hard  Carbon  unites  with  all  the  common  simple 

as  to  scratch  glass,  while  its  lustre  was  in-  combustibles,  and  with  azote,  forming  a  seriea 

creased.     This  fine  experiment  nuiy  be  rfr*  ofmost  important  compounds.    With  sulphur 

garded  as  a  near  approach  to  the  production  it  forms  a  curious  limpid  liquid  called  carbu- 

of  diamond.  ret  of  sulphur,  or  sulphuret  of  carbon.    With 

Charcoal  has  a  powerful  afiinity  for  oxygen,  phosphorus  it  forms  a  species  of  compound, 

whence  its  use  in   disoxygenating  metallic  whose  properties  are  imperfectly  ascertained, 

oxides,  and  restoring  their  base  to  its  original  It  unites  with  hydrogen  in  two  definite  pn>- 

metallic  state,  or  reviving  the  metal.     Tlius  portions,  constituting  subcarburetted  and  car#- 

too  it  decomposes  several  of  the  adds,  as  the  buretted  hydrogen  gases.    Wltli  azote  it  forms 

phosphoric  and  sulphuric,  from  which  it  ab-  prussic  gas,  the  cyanogen  of  M.  Gay  Lussac. 

stracts  their  oxygen,  and  leaves  the  phosphorus  Steel  and  plumbago  are  two  different  com- 

aod  sulphur  free.  pounds  of  carbon  with  iron.     In  black  chalk 

Carbon  is  capable  of  combining  with  sul-  we  find  this  combustible  intimately  associated 
phur,  and  with  hydrogen.  Widi  iron  it  forms  with  silica  and  alumina.  The  primitive  com- 
steel ;  and  it  unites  with  copper  into  a  car-  bining  proportion,  or  prime  equivalent  of  car- 
buret, as  observed  by  Dr  Priestley.  bon,  is  0.75  on  the  oxygen  scale. 

A  singular  and  important  property  of  char-  CARBON  (MINERAL),  is  of  agreyish- 

ooal  is  that  of  destroying  the  smell,  colour,  black  colour.     It  is  charcoal,  with  various 

and  taste  of  various  substances :  for  the  first  proportions  of  earth  and  iron,  without  bitu- 

accurate  experiments  on  which  we  are  chiefly  men.     It  has  a  silky  lustre,  aind  the  fibrous 

indebted  to  M.  Lowits  of  Petersburgh,  though  texture  of  wood.    It  is  found  in  small  quan- 

it  had  been  long  before  recommended  to  cor-  titles,  stratified  with  brown  coal,  slate  coal,  and 

rect  the  fetor  of  foul  ulcers,  and  as  an  anti-  pitch  coaL 

septic.    On  this  account  it  is  certainly  the  best  CARBON  (CHLORIDES  OF).     For 

dentifrice.     Water  that  has  become  putrid  by  the  knowledge  of  this  interesting  class  oif 

long  keeping  in  wooden  casks,  is  rendered  compounds,  we  are  indebted  to  Mr  Faraday, 

sweet  by  filtering  through  charcoal  powder,  If  chlorine  and  defiant  gas  be  mixed  in 

or  by  agitadon  with  it ;  particularly  if  a  few  equal  volumes,  they  are  condensed  into  an 

drops  of  sulphuric  acid  be  added.     Common  oily-looking  liquid,  sometimes  called  chloric 

vinegar  boiled  vrith  charcoal  powder  becomes  ether.    (See  Ca&buretted  Hydkog£n.)    If 

perfecdy  limpid.     Saline  solutions,  that  are  some  ofthis  be  put  into  a  retort  with  chlorine, 

tinged  yellow  or  brown,  are  rendered  colour-  it  becomes  yellow ;  but  on  exposure  to  the 

lesa  in  the  same  wsy,  so  as  to  afford  perfectly  sunbeams  heat  is  produced,  and  the  colour 

white  crystals.    The  impure  carbonate  of  am-  of  the  gas  and  liquid  disappears  in  a  few  se- 

monia  obtained  from  bones,  is  deprived  both  conds.     On  opening  the  retort  under  mercu- 

of  its  colour  and  fetid  smell  by  sublinution  ry,  there  is  no  absorption.     It  is  found  to  be 

with  an  equal  weight  of  charcoal  powder,  now  full  of  muriatic  acid  gas.     If  we  expvl 

Malt  spirit  is  freed  from  its  disagre«4>le  fl»-  this,  introduce  more  chlorine,  and  again  ex- 
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pose  to  Ui«  win  light,  the  colour  which  IttA     It  is  trankpttrabt  and  colourless.      li  has 
been  regenerated  again  disappears,  while  a     scarcely  any  taste.     Its  odour  is  aromatic, 
few  moist  crystals  forra  round  the  edge  of  the     approaching  to  tliat  of  camphor.    Its  specific 
fluid.     Chlorine  being  a  third  time  introduce     gni^tty  is  as  nearly  as  possible  2.    In  refrsc- 
ed,  and  subjected  to  the  same  influence,  more     tive  power,  it  equals  flint  glass  (1.5707).    It 
hydrogen  is  withdrawn  fVom  the  liquid,  and     is  rery  fusible,  easily  breaking  down  under 
a  crystslline  sublimate  lines  the  retort     By     pressure ;  and,  when  scratched,  litts  much  of 
proceeding  in  this  way,  till  the  chlorine  ex-     the  feel  and  appearance  of  white  sugar.     It 
erts  no  farther  action,  the  fluid  entirely  va*     does  not  conduct  electricity, 
nishes,  and  leaves  in  its  stead  the  crystalline         Tlie  crystals  obtained  by  sublimation,  as 
matter  and  muriatic  acid.  well  as  from  solutions  of  the  substance  in 
Mr  Faraday  next  added  at  once  to  a  por-     alcohol  and  etlier,  are  dcndritical,  prismatic, 
tion  of  olefiant  gas  eight  of  nine  tiroes  its     or  in  plates,     llie  varieties  cf  form,  which 
bulk  of  chlorine,  and  exposed  the  mixture  to     are  very  interesting,  are  easily  ascertained, 
sunshine.     At  first  the  fluid  formed ;  but  it  and  result  from  a  primitive  octohedron. 
speedily  disappeared ;  the  retort  became  lined         It  volatilizes  slowly  at  common  tempcra- 
witli  crystals,  and  the  colour  of  the  chlorine  tures,  and  passes,  in  the  manner  of  camphor, 
grew  paler.     These  crystals  are  a  chloride  of  towards  the  light     If  heated,  it  rises  more 
t»rt>on.    As  water  does  not  interfere  with  the  nipidly,  forming  fine  crystals.      When  the 
action  of  the  substances,  Mr  Faraday  admits  temperature  is  raised  to  320^  F.  it  fuses  ; 
ted  a  little  of  it,  which  condensed  the  rauria-  and  to  300^  it  boils.    When  condetised  Irom 
tic  add  gas,  and  allowed  a  new  volume  of  these  rapid  sublimations,  it  fonns  a  transpa- 
chlorine  to  be  introduced  into  the  retort,  to  rent  and  scarody  visible  crust ;  which,  soon 
dehydrogenate  the  chloric  ether  by  the  aid  after  it  cools,   becomes  white  and   nearly 
of  light     In  order  to  insulate  the  substance^  opaque.     If  the  heat  be  raised  still  higher, 
the  residuary  chlorine  and  muriatic  acid  gas  as  when  the  substance  is  passed  through  a 
were  blown  out  of  the  vessel  with  a  pair  of  red-hot  tube,  it  is  decomposed,  chlorine  is 
bellows;  and  the  condensed  muriatic  acid  evolved,   and  another  chloride  of  caition,  . 
gas,  and  other  soluble  matters,  were  washed  which  condenses  into  a  liquid,  is  obtained, 
away  with  water.     The  crystalline  substance  This  shall  be  described  presently, 
is  to  be  now  washed  from  the  retort  into         It  is  not  readily  combustible.    When  held 
another  jar.     A  little  alcohol  will  remove  the  in  the  flame  of  a  spirit  lamp,  it  bums  with  a 
last  adhering  portions.     This  being  poured  red  flame,  emitting  much  smoke  and  acid 
into  die  water,  will  throw  down  the  chloride  fumes ;  but  on  removal  from  the  lamp,  its 
to  the  bottom  of  the  vessel     It  ought  to  be  combustion  ceases.'    When  it  is  heated  to 
next  dried  by  pressure  between  the  folds  of  redness  in  pure  oxygen,  it  sometimes  bums 
porous  paper.     It  is  then  to  be  sublimed  in  with  a  brilliant  light 
a  glass  tube,  by  the  heat  of  a  spirit  lamp.         It  is  insoluble  in  water,  but  soluble  in 
Hie  pure  substance  will  rise  first,  along  with  alcohol,  and  copiously  with  the  aid  of  heat, 
a  little  water ;  but  the  last  portions  will  be  It  is  still  more  soluble  in  ether.     Tbe  hot 
partially  decomposed,  muriatic  acid  being  ethereous  solution  deposits,  on  cooling,  very 
evolved,  while  charcoal  remains.     The  sub-  beautiful  crystals.     It  is  soluble  also  in  the 
limed  matter  is  to  be  dissolved  in  alcohol,  and  volatile  oils ;  from  which  it  may  be  obtained 
the  solution  is  to  be  poured  into  a  weak  pot-  in  crystals  by  evaporation.     Fixed  oils  like- 
ash  ley,  by  which  the  chloride  isthrown  down,  wise  dissolve  it 

and  the  muriatic  acid  neutralised  and  separ         Solutions  of  the  acids  and  alkalis  do  not 

rated.     Water  will  now  wash  away  the  mu-  act  with  any  energy  on  this  chloride, 
riatic  acid  and  muriate,  leaving  the  substance         When  oxygen,  mixed  with-  its  vapour,  is 

pure.     Collect  it  on  a  filter,  and  dry  it,  first  passed  thoou^  a  red-hot  tube^  there  is  de- 

between  the  folds  of  blotting  paper,  and  lastly  composition ;  and  mixtures  of  chlorine^  cir- 

over  sulphuric  acid,  in  the  exhausted  receiver,  bonic  oxide,  cartxmic  add,   and  pho^ne 

It  will  now  appear  as  a  while  pulverulent  gases,  arc  obtained, 
substance ;  and,  if  perfectly  pure,  will  not         Chlorine  produces  no  change  on  this  fub- 

allbrd  the  slightest  trace  of  carixm,  or  mu>  stance.     When  iodine  is  heated  with  it  at 

riatic  add,  when  sublimed  in  a  tube.     Its  so-  mcxlerate  temperatures,  the  two  substances 

lution  in  ether  should  not  affect  solution  of  unite  with  fusion,  and  there  b  no  further  ac- 

nitrate  of  silver.     If  it  does,  it  must  be  re-  tion.    When  heated  more  strongly  in  vapour 

sublimed,  washed,  and  dried.  of  iodine,  the  iodine  separates  chlorine,  re- 

For  the  formation  of  this  substance,  the  ductng  the  perchloride  to  the  fluid  protocfalo- 
direct  rays  of  the  sun  are  not  absolutely  ne-  ride  of  carbon,  while  chloriodine  is  formed, 
cessary.  The  light  of  day,  acting  for  a  few  This  dissolves,  and  if  no  excess  of  jodine  be 
hours,  will  determine  its  production.  It  will  present,  the  whole  remains  fluid  at  common 
form  even  in  the  dark,  at  the  end  of  a  few  temperatures.  When  water  is  added,  it  gene- 
days,  rally  liberates  a  little  iodine ;  and  on  heating 

The  sblid  thu9  obtained  is  the  jiercMoride*  the  solution  so  as  to  expel  all  free  iodine,  and 
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testing  bj  lutrste  of  sUver,  chloride  mud  iodide 
of  silver  are  obtained. 

When  a  mixture  of  hydrogen  and  vapour 
of  the  percbloride  is  transmitted  through  a 
red-hot  tube,  the  latter  is  decomposed  with 
the  production  of  muriatic  add  gas  and  char- 
coal. Sulphur  and  phosphorus  unite  to  it 
by  funoQ.  If  phosphorus  be  heated  in  the 
vapour  of  this  chloride^  it  abstracts  chlorine 
.whence  result  protochloride  of  phosphorus 
aod  carbon.  If  heated  more  highly,  it  in- 
flana^ 

Most  of  the  metals  decompose  it  at  high 
temperatures.  Potassium  burns  brilliantly 
in  the  vapour ;  when  a  chloride  of  potasuum 
is  formed,  and  charcoal  deposited.  Iron, 
sine,  tin,  copper,  and  mercury,  act  on  it  at  a 
rfd  beat,  forming  chlorides  of  these  metals, 
with  deposition  of  the  charcoaL  The  per- 
oxides of  mercury,  copper,  lead,  and  tin, 
heated  with  the  percliloride,  produce  chlo- 
rides of  the  respective  metals,  and  carbonic 
acid ;  and  the  protoxides  of  zinc,  lead,  &c. 
produce  also  chlorides ;  but  the  gaseous  pro- 
duct is  a  mixture  of  carbonic  acid  and  car- 
bonic oxide.  Phosgene  gas  is  occasionally 
formed  on  passing  the  percbloride  over  heat- 
ed oxide  of  zinc. 

When  the  vapour  of  the  chloride  is  passed 
over  red-hot  lime,  baryta,  or  strontia,  a  very 
vivid  combustion  is  produced.  The  oxygen 
and  the  chlorine  change  places.  The  com- 
bustion is  due  to  the  formation  of  the  earthy 
chlorides,  and  carbonic  acid  ;  the  last  being 
absorbed  by  the  uudecomposed  portions  of 
the  earths.  Carbon  is  also  deposited.  No 
carbonic  oxide  is  obtained.  When  the  sub- 
stance is  pas8€)d  over  ignited  magi^esia,  there 
is  no  action  on  the  earth  ;  but  the  percblo- 
ride of  carbon  is  converted  by  the  heat  into 
a  protochloride.  In  these  experiments  with 
the  oxides,  no  trace  of  water  could  be  per- 
ceived. The  most  perfect  demonstration  of 
the  new  body  containing  no  hydrogen,  is 
erident  from  this,  that  when  the  fluid  con>- 
pound  <^  chlorine  and  otefiant  gas  is  acted 
on  by  chlorine  and  the  sunbeams  in  close 
vessels,  there  is  no  change  of  volume,  though 
the  whole  of  the  chlorine  disappears;  its 
place  being  occupied  by  muriatic  acid  gas. 
Hence,  as  muriatic  add  gas  is  known  to  con- 
sist of  equal  volumes  of  chlorine  and  hydro- 
gen, combined  without  change  of  bulk,  it  is 
evident  that  half  of  the  chlorine  introduced 
into  the  vessel  is  fixed  in  the  elements  of  the 
liquid,  and  has  liberated  an  equal  volume  of 
hydrogen ;  and  as,  when  the  chloride  is  per- 
fectly formed,  it  condenses  no  muriatic  acid 
gas,  a  method,  apparently  free  from  all  fal- 
lacy, is  thus  afibrded  of  ascertaining  its  na« 
ture. 

By  a  train  of  well-conducted  experiments, 
Mr  Faraday  ascertained,  that  1  volume  of 
olefiant  gas  requires  5  volumes  of  chlorine 
for  its  conversion  into   muriatic   acid   and 


chloride  of  carbon  ;  that  4  volumes  of  mu* 
riatic  acid  gas  are  formed ;  that  3  volumes 
of  chlorine  combine  with  the  2  volumes  of 
CfuixMi  in  the  olefiant  gas  to  form  the  solid 
crystalline  chloride ;  and  tliat  when  chlorine 
acta  on  the  fluid  compound  of  chlorine  and 
olefiant  gas,  for  every  volume  of  chlorine  that 
combines,  an  equal  volume  of  hydrogen  is 
separated. 

He  verified  these  proportions  by  analysis, 
transmitting  the  sut»tance  in  vapour  slowly 
over  metals  and  metallic  oxides,  (chiefly  per- 
oxide of  copper). 

The  composition  of  the  percbloride  of  car- 
bon is, 

3  prime  proportions  of  chlorine, 
2  carbon. 

Mr  Faraday's  numbers  are  100.5-)-  11. 4i 
According  to  the  numbers  adopted  in  this 
work,  they  are  13.5  -f-  1.5,  or,  in  100  parts, 
90  chlorine  -^10  carbon. 

2.  Protociiloride  of  carbon*  By  heating 
some  of  the  percbloride  in  a  glass  tube  over  a 
spirit  lamp,  the  substance  at  first  sublimes  ; 
but  as  the  vapour  becomes  heated  below,  it 
is  gradually  converted  into  protochloride, 
while  chlorine  is  disengaged.  To  obtain  it 
pure,  he  passes  some  of  the  percbloride  to 
the  sealed  end  of  a  tube,  and  fills  the  space 
above  it  for  10  or  12  inches  with  fragments 
of  rock-crystal.  The  part  of  the  tube  be- 
yond this  is  bent  zigzag  2  or  3  times,  so  that 
the  angles  may  form  receivers  for  the  new 
body.  These  angles  being  plunged  in  cool 
water,  he  heats  the  tube  and  rock-crystal  to 
bright  redness ;  afler  which  the  perchloride 
is  slowly  sublimed  by  a  spirit  lamp,  and,  on 
passing  into  the  hot  part  of  the  tube,  is  de- 
composed. A  fluid  passes  over, ,  which  is 
condensed  in  the  angles  of  the  tube^  and 
chlorine  is  separated ;  part  of  the  gas  escapes, 
but  the  greater  portion  is  retained  in  solution 
by  the  fluid,  and  renders  it  yellow.  Having 
proceeded  thus  far,  we  may  then  separate  the 
bent  portion  of  the  tube  from  that  within  the 
furnace,  by  the  skilful  use  of  the  blowpipe^ 
which  will  seal  the  end  of  the  tube.  This 
now  forms  a  retort,  in  which  we  nuiy  chase 
the  fluid  by  heat,  from  one  end  to  another« 
four  or  five  times,  whereby  the  excess  of 
chlorine  will  be  expelled,  and  the  chloride 
obtained  limpid  and  colourless.  The  small 
proportion  of  percIUoride  which  still  remains, 
is  separable  by  another  distillation  ta  vacuOf 
at  a  heat  little  above  that  of  the  atmosphere ; 
the  protochloride  being  the  more  volatile 
body,  and  evaporating  speedily  in  the  air 
without  leaving  any  residuum. 

The  pure  protochloride  is  a  highly  limpid 
fluid,-  and  perfectly  colourless.  Its  spedfic 
grarity  is  1.5526.  It  is  a  non-conductor  of 
electridty.  By  Dr  Wollaston*s  determination 
its  refractive  power  is  1.4S75,  being  very 
nearly  that  of  camphor.  It  is  not  combus- 
tible, except  when  held  in  a  flame,  as  of  a 
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spirit  lamp ;  and  then  it  burns  with  a  bright 
yellow  light,  much  smoke^  and  fumes  of 
muriatic  acid.  >  It  does  not  become  solid  at 
the  zero  of  Fahrenheit's  scale.  When  its 
temperature  is  raised  under  the  surface  of 
water  to  between  160<>  and  17(P  F.  it  is  con- 
▼erted  into  vapour,  and  remains  in  that  state 
until  the  temperature  is  lowered.  It  is  in- 
soluble in  water ;  but  it  dissolves  readily  in 
alcohol  and  ether,  the  fixed  and  volatile  oils. 
It  is  not  soluble  in  alkaline  or  acid  solu- 
tions. 

At  a  high  temperature  oxygen  decomposes 
It,  forming  carbonic  oxide  or  acid,  with  dis- 
engagement of  chlorine. 

Chlorine  converts  it  into  the  perchloride. 

With  iodine  it  forms  a  brilliant  red  solu- 
tion« 

When  hydrogen  and  the  vapour  of  the  pro- 
iochloride  are  passed  through  a  red>hot  tube, 
there  is  a  complete  decomposition.  Muriatic 
acid  gas  is  formed,  and  charcoal  is  deposited. 
The  mixed  vapour  and  the  gas  burn  with 
flame  as  they  arrive  in  the  hot  part  of  the 
tube. 

Sulphur  and  phosphorus  dissolve  in  it; 
and  the  latter  decomposes  it  at  a  red  heat. 
Its  action  on  metals  and  metallic  oxides  is 
very  similar  to  that  of  the  perchloride.  By 
an  analysis  conducted  in  the  same  way  as 
that  of  the  perchloride,  Mr  Faraday  ascer- 
tained that  this  liquid  chloride  is  composed 
df  1  prime  proportion  of  chlorine^  and  1  of 
carbon,  or  by  weight, 

Chlorine,        -        4.5 
Carbon,         -         0.75 

^  Subehloride  of  carbon.  This  compound 
was  brought  to  England,  and  given  to  Mr 
Richard  Philips  and  Mr  Fanulay  by  M. 
Julin  of  Abo,  in  Finland,  having  been  formed 
during  the  distillation  of  green  vitriol  and 
nitre  for  the  production  of  nitric  add.  It  is 
a  solid  crystalline  body,  fusible  and  volatile 
by  heat  without  decomposition,  and  condens- 
ing into  crystals.  It  is  insoluble  in  water ; 
but  soluble  in  alcohol,  ether,  and  essential 
oils.  It  sinks  in  water.  It  bums  with  a 
red  flame,  giring  off  much  smoke,  and  fumes 
of  muriatic  acid  gas.  Acids  do  not  act  on 
it.  When  its  vapour  is  highly  heated  in  a 
tube,  decomposition  takes  place,  chlorine  is 
given  off,  and  chareoal  deposited.  Potassium 
burnt  with  it  forms  chloride  of  potassium, 
and  liberates  charcuaL  Its  vapour,  detonat- 
ed with  oxygen  over  mercury,  formed  carbo- 
nic acid  and  chloride  of  mercury;  passed 
over  hot  oxide  of  copper,  it  formed  a  chlo- 
ride of  copper  and  carbonic  acid ;  and  over 
hot  lime,  it  occasioned  ignition,  and  produc- 
ed chloride  of  calcium  and  carbonic  add. 
It  is  formed  of— 

1  prime  proportion  of  chlorine, 

and  8  of  carbon* 


In  numben»  of  chlorine^        4.5  —^  75 
carbon,  1.5      25 

100 

All  attempts  to  form  it  by  oth^  meana 
have  failed. 

We  are  also  indebted  to  Mr  Faraday  far 
a  triple  compound  of  iodine,  carbon,  and  hy- 
drogen. 

Whmi  iodine  and  <riefiflait  gas  are  exposed 
together  in  a  retort  to  the  sunbeams,  iherji  are 
formed,  after  some  time^  colourless  crystals^ 
and  a  partial  vacuum  is  produced.  The  re- 
siduary elastic  fluid  is  olefiant  gas.  The 
free  iodine  is  removed  by  a  solution  of  pot- 
ash, when  the  new  compound  is  obtained 
pure.  It  is  a  solid,  white,  crystalline  body, 
with  a  sweet  taste,  and  aromatic  smelL  It 
sinks  readily  in  sulphuric  acid  of  1.85.  It 
is  friable ;  and  is  a  non-conductor  of  electri- 
city. When  heated,  it  first  fuses,  and  then 
sublimes  without  any  change.  Its  vapour 
condenses  into  crystals,  which  are  either 
prisms  or  plates.  On  becoming  solid  after 
fusion,  it  also  crystallizes  in  plates.  The 
crystals  are  transparent.  At  a  high  heat  it 
is  decomposed,  and  iodine  evolved.  It  is  not 
readily  combustible.  It  u  insoluble  in  water, 
and  in  alkaline  and  acid  solutions ;  but  it  is 
soluble  in  alcohol  and  ether ;  from  which  so- 
lutions it  may  be  obtained  by  evaporation  In 
crystals. 

CARBON  (IODIDES  OF).  See  Io- 
dine. 

CARBONATES.  Compounds  of  car- 
bonic acid  with  the  salifiable  bases.  They 
are  composed  eithei*  of  one  prime  of  the  add 
and  one  of  the  base^  or  of  two  of  the  acid 
and  one  of  the  base,  llie  former  set  of  com- 
pounds is  called  carbonates,  the  latter  blear- 
bonates.     See  Ca&bonic  Acm. 

As  the  system  of  chemical  equivalents, 
or  atomic  theory  of  chemical  combination, 
derives  some  of  its  fundamental  or  prime 
proportions  from  the  constitution  of  the 
carbonates,  thdr  analysis  requires  peculiar 
precautions.  In  the  Annals  of  Philosophy 
for  October  1817,  I  gave  a  description  of  a 
new  instrument  for  accomplishing  this  pur- 
pose with  the  minutest  precision. 

The  usual  mode  of  analysis  is  to  put  a 
given  weight  of  the  carbonate  in  a  phial,  and 
add  to  it  a  certain  quantity  of  a  liquid  addf^ 
which  will  dissolve  the  base,  and  disengage 
the  carbonic  acid.  I  found,  with  every  care 
I  could  take  in  this  method,  that  variable  and 
uncertain  quantities  of  the  liquid  add  were 
apt  to  be  carried  off  in  vapour  with  the  car- 
bonic gas,  while  a  portion  of  this  gaseous  add 
was  generally  retained  in  the  saline  liquid. 
Hence,  in  tlie  analysis  of  crystallized  carbo- 
nate of  lime,  the  most  uniform  of  all^  com- 
pounds, we  have  the  following  discordant 
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TCsuhsy  wfajcb  are  of  importance  in  the  doe* 

trine  of  equivalents  :<— 

Mr  Kirwan  makes  it  consist  of 

45  acid      -(-  55  tirne^ 
MM.  Aiken,       44  +56 

DrMarcet,  43.9  +56.1 

Dr  Wollaston,     4>a.7  +  56.3 

M.  Vaaquelin,     43.5  +  56.5 

M.  Thenard,       4a28         +56.72 
Dr  Thomson,      43. 137      +  56.863 

If  we  deduce  the  equivalent  of  lime  from 
the  analysis  of  Dr  Marcet,  so  well  known 
for  his  philosophical  accuracy,  we  shall  have 
lime  =  35. 1  to  carbonic  acid  27.6. 

I  adduced  the  following  experiments,  so* 
lected  from  among  many  others,  as  capable 
of  throwing  light  on  the  cause  of  these  varia- 
tions: *<  Into  a  small  pear-shaped  vessel  of 
gins,  with  a  long  neck,  and  furnished  with 
n  hollow  spherical  stopper,  drawn  out,  above 
and  below,  into  a  tube  almost  capillary,  some 
dilute  muriatic  add  was  put.  -  The  whole 
being  poised  in  a  delicate  balance,  100  grains 
€>f  calc-spor  in  rbomboidal  fragments  were 
introduced,  and  the  stopper  was  quickly  in« 
serted.     A  little  while  after  the  solution  was 
completed,  the  diminution  of  weight,  indicate 
ing  the  loss  of  carbonic  acid,  was  found  to 
be  42.2  grains.     Withdrawing  the  stopper, 
inclining  the  vessel  to  one  side  for  a  few 
minutes  to  allow  the  dense  gas  to  flow  out» 
the  diminution  became  43.3.     Finally,  on 
heating  the  body  of  the  vessel  to  about  70*, 
while  the  hollow  stopper  was  kept  cool,  small 
bubbles  of  gas  escap«l  from  the  liquid,  and 
fhe  loss  of  weight  was  found  to  be  43.65»  at 
which  point  it  was  stationary.     This  is  a  te- 
dious process."     The  instrument  which  I 
subsequently  employed  is  quick  in  its  opera- 
tion, and  still  more  accurate  in  its  results. 
It  consists  of  a  glass  tube  of  the  same  strength 
and  diameter  with  that  usually  employed  for 
barometers,  having  a  strong  ^^-shaped  bulb, 
about  2  inches  long  and  l|  wide,  blown  at 
one  of  its  ends,  while  the  other  is  open  and 
recurved  like  a  syphon,      llie  straight  part 
of  the  tube,  between  the  ball  and  bend,  is 
about  7  inciies  long.     Hie  capacity,  exclu- 
sive of  the  curved  part,  is  a  little  more  tlian 
5  cubic  inches.     It  is  accurately  graduated 
into  cubic  inches  and  hundredth  parts,  by  the 
successive  additions  of  equal  weights  of  quick- 
silver, from  a  meanire  thermometric   tube. 
Seven  troy  ounces  and  66  grains  of  quicksilver 
occupy  the  bulk  of  one  cubic  inch.    Four  and 
a  half  such  portions  being  introduced,  will  flU 
the  ball,  and  the  beginning  of  the  stem.   The 
point  in  the  tub^  which  is  a  tangent  to  the 
surface  of  the  mercury,  is  marked  with  a  file 
or  a.  diamond.      Then  34J-  grains^  equal  in 
volume  to  1-IOOth  of  a  cubic  inch,  being 
drawn  up  into  the  thermometric  tube,  rest  at 
a  certain  height,  which  is  also  marked.    The 
same  measure  oi  mercury  is  saccessively  in- 


troduced and  mariLcd  off,  till  the  tube  is 
fiUed. 

**  In  tlie  instrument  thus  finished,  l-200th 
of  a  cubic  inch  occupies  on  the  stem  about 
l-14th  of  an  inch,  a  space  very  distinguish- 
able. Ilie  weight  of  carbonic  acid  equiva- 
lent to  that  number,  is  less  than  l-400th  of 
a -grain,  llie  mode  of  using  it  is  perfectly 
simple  and  commodious,  and  the  analytical 
result  is  commonly  obtained  in  a  few  mi- 
nutes." 

For  example,   five  grains  of  calcareous 
spar  in  three  or  four  rhmnboids  were  weighed 
with  great  care  in  a  balance  by  Creightony 
which  turns  with  ^^TnTT?  of  the  weight  in  the 
scales.     These  are  introduced  into  the  empty 
tube,  and  made  to  slide  gently  along  into  the 
spheroid.   The  instrumentisthen  held  in  near- 
ly a  horizontal  position  with  the  left  hand,  the 
top  of  the  spheroid  resting  against  the  breast,, 
with  a  small  ftinnel,  bent  at  its  point,  inserted 
into  the  orifice  of  the  tube.     Quicksilver  is 
now  poured  in  till  it  be  filled,  which  in  this 
position  is  accomplished  in  a  few  seconds. 
Should  any  particles  of  air  be  entangled 
among  the  mercury,  they  are  discharged  by 
inverting  the  instrument,  having  closed  the 
orifice  with  the  finger.     On  reverting  it,  and 
tapping  the  ball  with  the  finger,  the  fragments 
of  spar  rise  to  the  top.     Three  or  four  hun- 
dredth parts  of  a  cubic  inch  of  mercury  being 
displaced  from  the  mouth  of  the  tube,  that 
bulk  of  dilute  muriatic  acid  is  poured  in ;  then 
pressing  the  fore-finger  on  the  orifice,  and  in- 
clining the  instrument  forwards,  the  acid  is 
made  to  rise  through  the  quicksilver.     This, 
as  it  is  displaced  by  the  cooled  carbonic  acid* 
falls  into  a  stone-ware  or  glass  basin,  within 
which  the  instrument  stands  in  a  wooden 
frame.     When  the  solution  is  completed,  the 
apparent  volume  of  gas  is  noted,  the  mercury 
in  the  two  legs  of  the  syphon  is  brought  to  n 
level,  or  the  difference  of  height  above  the 
mercury  in  the  basin  is  observed,  as  also  the 
temperature  of  the  apartment,  and  the  height 
of  the  barometer,     llien  the  ordinary  correc- 
tions being  made,  we  have  the  exact  volume 
of  carbonic  acid  contained  in  five  grains  of 
calc-spar.     In  very  numerous  experiments, 
which  I  have  nuule  in  very  different  circum- 
stances of  atmospherical  pressure  and  tempe- 
rature, the  results  have  not  varied  one-hun- 
dredth of  a  cubic  inch  on  five  grains,  care 
being  had  to  screen  the  instrument  from  the 
radiation  of  the  sun  or  a  fire. 

As  there  is  absolutely  no  action  exercised 
on  mercury  by  dilute  muriatic  acid  at  ordi- 
nary temperatures ;  as  no  perceptible  dififer- 
ence  is  made  in  the  bulk  of  air,  by  intro- 
ducing to  it  over  the  mercury  a  little  of  the 
acid  by  itself;  and  as  we  can  expel  every 
atom  of  carbonic  acid  from  the  muriate  of 
lime,  or  other  saline  solution,  by  gently  heat- 
ing that  point  of  the  tube  which  contains  it, 
it  is  evident  that  the  total  volume  of  gaseoois 


CARBONATES. 


ao* 


CARBONIC  OXIDE. 


product  must  be  accurately  determined. 
When  a  series  of  experiments  is  to  be  per- 
foroied  in  a  sliort  space  of  time,  I  wash  tlie 
quicksilyer  with  water,  dry  it  with  a  spongo 
first,  and  then  with  warm  muslin.  The  tube 
is  also  washed  out  and  drained  According 
to  my  eiperiments  with  the  aboye  instrument, 
5  grains  of  calcareous  spar  yield  4^7  cubic 
inches  of  carbonic  acid,  equivalent  to  43.616 
per  cent  The  difference  betweeli  this  num^* 
ber  and  Dr  Wollaston*s  is  inconsiderable. 

Among  other  results  which  I  obtained 
from  the  use  of  the  above  instrument,  it  en- 
abled me  to  ascertain  the  true  composition 
ofthe  sublimed  carbonate  of  ammonia,  which 
chemists  had  previously  mistaken.  I  show- 
ed,  in  the  Annals  of  Philosophy  for  Septem- 
ber 1817,  that  this  salt  contained  5i.5  of 
carbonic  acid,  30.5  ammonia,  and.  15  water, 
in  100  parts;  numbers  which,  being  trans- 
lated into  the  language  of  equivalents,  ap^ 
proach  to  the  following  proportions:— 
Carbonic  acid,  3  primes,  8.25  55.89 
Ammonia,        2  4.26        2a86 

Water,  2  2.25         15.25 


14w76  100.00 
As  this  volatile  salt  possesses  the  curious 
property  of  passing  readily  from  one  system 
of  definite  proportions  to  another,  absolute 
accordance  between  experiment  and  theory 
cannot  be  expected.  The  other  salt  gave  for 
its  constituents,  54.5  carbonic  acid  -)-  22.8 
ammonia  4-  22.75  water  =  100.  Now»  if 
these  numbers  be  referred  to  Dr  Wollaston*s 
oxygen  scale,  we  shall  liave,— 

Theory,  JEjjH* 
2  primes  carbonic  add,  5.50   55.66   54.50 

1  ammonia,         2.13   21.56   22.80 

2  water,  2.25  22.78  22.75 
Hiese  near  approximations  to  the  equiva- 
lent ratios,  in  compounds  of  a  variable  na- 
ture, do  not  seem  to  have  attracted  notice  at 
the  time.  In  the  14th  Number  of  tli^ 
Journal  of  Science,  Mr  Philips,  whose  at> 
tention  to  minute  accuracy  is  well  known, 
has  published  an  ingenious  paper  on  the  sub- 
ject, which  he  begins  with  the  following  hand.» 
some  acknowledgment  of  my  labours:—- 
"  During  some  late  researches,  my  attention 
being  directed  to  the  composition  of  the<:ar- 
bonates  of  ammonia,  I  began,  and  had  nearly 
completed  an  examination  of  them,  before  X 
obterved  that  they  had  been  recently  analyzed 
by  Dr  Ure ;  and  I  consider  his  results  to  be 
so  nearly  accurate,  that  I  should  have  sup- 
pressed mine,  if  I  had  not  noticed  some  cir- 
cumstances respecting  the  compounds  in  ques- 
tion, which  have,  1  believe,  bitherfo  escaped 
observation." 

Mr  Philips*s  communication  is  valuable. 
It  presents  a  luminous  systematic  view  of  the 
carbonates  of  ammonia  and  soda. 

The  indications  of  the  above  analytical  in- 
strument are  so  minute  as  to  enable  us,  by 


the  help  of  the  old  and  well-known  theorem 
for  computing  tlie  proportions  of  two  neCals 
from  the  specific  gravity  ot  an  alloy,  to  de- 
duce the  proportions  of  the  bases  from  the 
volume  of  gas  disengaged  by  a  given  weight 
of  a  mixed  carbonate.  A  chemical  problem 
of  this  nature  was  practically  solved  by  me, 
in  presence  of  two  distinguished  Piofesaors 
of  the  University  of  Dublin,  in  May  1816. 
But  such  an  application  is  more  curious  than 
useful,  since  a  slight  variation  in  the  quan- 
tity of  gas,  as  well  as  accidental  admixtures 
of  other  substances,  are  apt  to  occasion  con- 
siderable errors.  It  determines,  hawever, 
the  nature  and  value  of  a  limestone,  with 
sufficient  practical  precision.  As  100  grains 
of  magnesian  limestone  yield  99  cubic  inches 
of  gas,  a  convenient  rule  £bir  it  is  formed 
when  we  say,  that  10  grains  will  yidd  10 
cubic  inches.  In  the  same  way,  marls  and 
common  limestones  may  be  examined,  by 
subjecting  a  certain  numljer  of  grains,  in  n 
graduated  syphon  tube,  to  the  action  of  a 
little  muriatic  acid  over  mercury.  From  the 
bulk  of  evoloed  ga$,  exprtued  in  cubic  incAeM 
and  tentflif  d&iuct  l-20ieA,  the  remainder  wiU 
express  the  proportion  of  real  UmeUone  jfreseni 
in  tlie  grains  employed. 

CARBONATE  OF  BARYTA.  See 
lyiTHwa.'rrR- 

CARBONATE  OF  LIME.  See  CaL. 
CAftEODS  Spar. 

CARBONATE  OF  STRONTIA.  See 
Strontia,  and  Heavy  Spar. 

CARBONIC  ACID.     See  Aao  (Car<. 

BONIC). 

CARBONIC  OXIDE.  A  gaseous  comw 
pound  of  one  prime  equivalent  of  carbon 
and  one  of  oxygen,  consisting  by  wd^it  of 
0.75  of  the  former,  and  1.00  of  the  latter. 
Hence  the  prime  of  the  compound  is  1.75^ 
the  same  as  that  of  azote.  This  gas  cannot' 
be  formed  by  the  chemist  by  the  direct  com^ 
bination  of  its  constituents ;  for  at  the  tem- 
perature requisite  for  effecting  an  union,  the 
carbon  attracts  its  full  dose  of  oxygen,  and 
thus  generates  carbonic  acid.  It  may  be 
procured  by  exposing  charcoal  to  a  long- 
continued  heat.  The  last  products  consist 
chiefly  of  carbonic  oxide. 

To  obtain  it  pure,  however,  our  only  plan 
is  to  abstract  one  proportion  of  oxygen  from 
carbonic  acid,  either  in  its  gaseous  state,  or 
as  condensed  in  the  carbonates.  Thus,  by 
introduciug  well  calcined  charcoal  into  a 
tube  traversing  a  furnace,  as  is  represented 
Plate  I.  fig.  2. ;  and  when  it  is  heated  to  red- 
ness, passing  over  it  backwards  and  forwards, 
by  means  of  two  attached  mercurial  gasome- 
ters or  bladders,  a  slow  current  of  carbonic 
acid,  we  convert  the  acid  into  an  oxide  more 
bulky  than  itself.  Each  prime  of  the  carbon 
becomes  now  associated  with  only  one  oC 
oxygen,  instead  of  two,  as  before.  The  car- 
bon, acting  here  by  its  superiw  mtait,  is 
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enabled  to  effect  the  thorough  saturation  of 
the  oxygen. 

M.  Dumas  has  proposed  a  new  method  of 
procuring  carbonic  oxide.  He  mixes  salt  of 
wood-sorrel  (superoxalate  of  potash)  with  5 
or  6  limes  its  weight  of  sulphuric  add  in  a 
retort,  and,  causing  the  mixture  to  boil,  ob- 
tains a  considerable  quantity  of  a  gas,  com- 
posed of  equal  parts  of  carbonic  acid  and 
carbonic  oxide.  Absorbing  the  acid  by 
caustic  potash,  or  lime,  be  has  pure  caibonic 
oxide.  This  method  may  be  successfully 
employed  to  examine  the  salt  of  wood-sorrel 
of  commerce.  Supertartrate  of  potash  treat- 
ed in  the  same  way,  would  afford  oxide  of 
carbon,  sulphurous  add,  carbonic  add ;  and 
the  liquid  would  become  eventually  black,  in 
consequence  (^  the  evolution  of  charcoaL 
Ptare  superoxalate  of  potash,  on  the  contrary, 
never  gives  out  sulphurous  add ;  and  the 
sulphuric  add  employed  remains  perfectly 
limpid  and  colourless. 

If  we  subject  to  a  strong  heat,  in  a  gun 
barrel  or  retort,  a  mixture  of  any  dry  earthy 
carbonate,  such  as  chalk,  or  carbonate  of 
strontia,  with  metallic  filings  or  charcoal,  the 
combined  acid  is  resolved  as  before  into  the 
gaseous  oxide  of  carbon.  The  most  conve- 
nient mixture  is  equal  parts  of  dried  chalk 
and  iron  or  zinc  filings.  By  passing  a  nu- 
merous succession  of  electric  explosions 
through  one  volume  of  carbonic  add,  con- 
fined over  mercury,  two  volumes  of  carbonic 
oxide,  and  one  of  oxygen,  are  formed^  ac- 
cording to  Sir  H.  Davy. 

The  spedfic  gravity  of  this  gas  is  stated 
by  Gay  Lussac  and  llienard,  from  theoreti- 
cal considerations,  to  be  0.96782,  though  Mr 
Cruickshank*s  experimental  estimate  was 
0.9569.  As  the  gas  is  formed  by  withdraw- 
ing from  a  volume  of  carbonic  add  half  a 
Tolume  of  oxygen,  while  the  bulk  of  the  gas 
remains  unchanged,  we  obtain  its  spedfic 
gravity  by  subtracting  from  that  of  carbonic 
acid  half  the  spedfic  gravity  of  oxygen« 
Hence  1.5277  —  0.5555  =s  0.9722,  differ- 
ing slightly  from  the  above,  in  consequence 
of  the  French  chemists  rating  the  spedfic 
gravity  of  the  two  original  gases  at  1.51961 
and  1. 10359.  Hence  100  cubic  inches  wdgb 
29j-  grains  at  mean  pressive  and  tempera- 
turew 

This  gas  bums  with  a  dark  blue  flame. 
Sir  H.  Davy  has  shown,  that  though  car- 
bonic oxide  in  its  combustion  produces  less 
heat  than  otlier  inflammable  gases,  it  may  be 
kindled  at  a  much  lower  temperature.  It 
inflames  in  the  atmosphere,  when  brought 
into  contact  with  an  iron  wire  heated  to  dull 
redness,  whereas  carburetted  hydrogen  is  not 
inflammable  by  a  similar  wire,  unless  it  is 
heated  to  whiteness,  so  as  to  burn  with  sparks. 
It  requires,  for  its  combustion,  half  its  vo- 
lume of  oxygen  gas,  producing  one  vohinie 
of  carbonic  acid.     It  is  not  decomposable  by 


any  of  the  simple  combustibles,  except  pot- 
anium  and  soidium.  When  potassium  is 
heated  in  a  portion  of  the  gas,  potash  is 
formed,  with  the  predpitation  of  charcoal  and 
the  disengagement  of  heat  and  light  Per- 
haps iron,  at  a  high  temperature,  would  con- 
dense the  oxygen  and  ctabon  by  its  strong 
aflinity  for  these  substances.  Water  con- 
denses 3%-  of  its  bulk  of  the  gas.  The  above 
processes  are  those  usually  prescribed  in  our 
systematic  works,  for  procuring  the  oxide  of 
carbon.  In  some  of  them  a  portion  of  car- 
bonic acid  is  evolved,  which  may  be  with- 
drawn by  washing  the  gaseous  product  with 
weak  solution  of  potash,  or  milk  of  lime. 
We  avoid  the  chance  of  this  impurity  by  ex- 
tricating the  gas  from  a  mixture  of  dry  car- 
bonate of  baryta  and  iron  filings,  or  of  oxide 
of  zinc,  and  previously  caldned  charcoaL 
Tlie  gaseous  product  from  the  first  mixture, 
is  pure  oxide  of  carix>n.  Oxide  of  iron,  and 
pure  baryta,  remain  in  the  retort  Carbonic 
oxide,  when  respired,  is  fatal  to  animal  life. 
Sir  H.  DaTy  took  three  inspirations  of  it, 
mixed  vrith  about  one-fourth  of  common  air ; 
the  effect  was  a  temporary  loss  of  sensation, 
which  was  succeeded  by  giddiness,  sickness, 
acute  pains  in  different  parts  of  the  body, 
and  extreme  delrility.  Some  days  elapsed 
before  he  entirely  recovered.  Since  then, 
Mr  Witter  of  Dublin  was  struck  down  in 
an  apoplectic  condition  by  breathing  this  gas ; 
but  he  was  speedily  restored  by  the  inhala- 
tion of  oxygen.  See  an  interesting  account 
of  this  experiment  by  Mr  Witter,  in  the 
Phil.  Mag.  vol.  xliii. 

When  a  mixture  of  it  and  chlorine  is  ex- 
posed to  sunshine,  a  curious  compound,  dis- 
covered by  Dr  John  Davy,  is  formed,  to 
which  he  gave  the  name  of  phosgene  gas.  I 
shall  describe  its  properties  in  treating  of 
chlorine.  It  has  been  called  cfalorocarbonic 
add,  though  chlorocaibonous  add  seems  a 
more  appropriate  name. 

CARBUNCLE,  a  gem  highly  prised  by 
the  andents,  probably  the  aiamandine,  a  va- 
riety of  noble  garnet 

CARBURET  OF  SULPHUR  Call- 
ed also  sulphuret  of  carbon,  and  alcohol  of 
sulphur. 

This  interesting  liquid  was  originally  ob- 
tained by  Lampadius,  in  distiHing  a  mixture 
of  pulverized  pyrites  and  charcoal  in  an 
earthen  retort  And  was  considered  by  him  as 
a  peculiar  compound  of  suljrfmr  and  hydro- 
gen. But  MM.  Clement  and  Desormes, 
with  the  precision  and  ingenuity  which  dis- 
tinguish all  their  researches,  first  ascertained 
its  true  constitution  to  be  carburetted  sul- 
phur ;  and  they  invented  a  process  of  great 
simplidty,  for  at  once  preparing  it  and  prov- 
ing its  nature.  Hioitmghly  calcined  char- 
coal is  to  be  pat  into  a  porcelain  tube^  or, 
what  answers  better,  a  cast-iron  tube,  that 
traverses  a  furnace  at  a  slight  angle  of  in- 
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cUnadoD.  To  the  higher  end  of  the  tube  a  M.  Thenard,  at  113"  F. ;  and  the  tenaioii  of 
retort  of  glassy  oontaining  sulphur,  is  luted ;  its  vapour  at  72.5°  is  equivalent  to  a  cdumn 
and  to  the  lower  end  is  attached  an  adopter  of  12.53  inches  of  mercury.  At  53.5^  ac- 
tube^  which  enters  into  a  bottle  with  two  cording  to  Marcet  and  Berselius,  the  tension 
tubulures,  half  full  of  water,  and  surrounded  is  equivalent  to  a  column  of  7.4  indies,  or 
with  very  cold  water  or  ice.  From  the  one-fourth  of  the  mean  atmospheric  pressure; 
other  ap^ture  of  the  bottle,  a  bent  tube  pro-  hence,  one-third  is  added  to  the  bulk  of  any 
ceeds  into  the  pneumatic  trough.  When  portion  of  air  with  which  the  liquid  may  be 
the  tube  is  brought  into  a  state  jof  ignition,  mixed.  A  spirit  of  wine  thermometer,  hav- 
heat  is  applied  to  the  sulphur,  which,  sublim-  ing  its  bulb  surrounded  with  cotton  cloth  or 
ing  into  the  tube,  combines  with  the  char-  lint,  if  dipped  in  sulphuret  of  carbon,  and 
coal,  forming  the  liquid  carburet.  Care  must  suspended  in  the  air,  sinks  from  60°  to  0^. 
be  taken  that  sulphur  in  excess  pass  always  If  it  be  put  into  the  receiver  of  an  air-pump, 
through  the  tube  over  the  carbon.  The  con-  and  a  moderate  exhaustion  be  made^  it  sinks 
elusive  demonstration  of  such  an  experiment  rapidly  from  60°  to  -~-81°.  If  a  tube  con- 
was,  however,  questioned  by  M.  Bertbollet,  taining  mercury  be  treated  in  the  same  way, 
jun.  and  CluzeL  But  MM.  BerthoUet,  The-  the  mercury  may  be  readily  frosen  even  in 
nard,  and  Vauquelin,  the  reporters  on  M.  summer.  The  drier  the  air  in  the  receiver, 
Cluzel*s  memoir,  having  made  some  experi-  the  more  easily  is  the  cold  produced.  Hence 
ments  of  their  own  upon  the  subject,  con-  thepresenceof  sulphuric  acid  may  be  of  some 
duded  that  the  liquid  in  question  was  a  service  in  removing  the  vapour  from  the  air 
compound  of  sulphur  and  carbon  only.  in  the  receiver. 

Fthally,  an  excdient  paper  was  written  on        This  caiburet  may  be  cooled  to  •^•60°  with* 

the  carburet  by  M.  Berzelius  and  Dr  Mar-  out  congeaUng ;  a  conclusive  proof  that  com- 

cet,  who  confirmed  the  results  of  MM.  Cle-  bination  changes  completdy  tfie  constitutioa 

raent  and  Desormes,  and  added  likewise  se-  of  bodies,  since  two  substances,  usually  solids 

vend  important  facts.  form  a  fluid  which  we  cannot  solidify.    When 

If  about  ten  parts  of  well  calcined  char-  a  lighted  body  approaches  the  surfiice  of  the 
coal  in  powder,  mixed  with  fifty  parts  of  pul-  carburet,  it  immediately  catches  fire,  and 
veiized  native  pyrites  (bisulphuret  of  iron),  burns  with  a  blue  sulphurous  flame.  Car- 
be  distilled  from  an  earthen  retort  into  a  bonic  and  sulphurous  adds  are  exhaled,  and 
tubulated  receiver  surrounded  with  ice^  more  a  little  sulphur  is  deposited.  A  heat  of 
than  one  part  of  sulphuret  of  carbon  may  be  about  700**  inflames*  the  vapour  of  the  caiw 
obtained.  If  we  employ  the  degant  process  buret.  Oxygen  dilated  by  it  over  mercury, 
of  M.  Clement,  Ve  must  take  care  that  the  exploded  by  the  electric  spark  with  a  violent 
charcoal  be  perfectly  caldoed,  otherwise  no  detonation.  My  eudiometer  is  peculiarly 
carbonate  will  be  obtained.  In  their  early  adapted  to  the  exhibition  of  tliis  experiment, 
experiments,  they  attached  to  the  higher  end  A  portion  of  oxygen  bdng  introduced  into 
of  the  porcelain  tube  a  glass  one^  containing  the  sealed  1^,  we  pour  a  few  drops  of  the 
the  sulphur  in  small  pieces,  and  pushed  these  carburet  on  the  surface  of  the  mercury  in  the 
successively  forwards  by  a  wire  passing  air-  open  leg,  and,  closing  this  vrith  the  finger, 
tight  through  a  cork  at  the  upper  end  of  the  transfer  the  liquid  to  the  other  by  a  momen- 
tube.  tary  inclination  of  the  syphon.     The  expan- 

Besides  the  liquid  carburet  there  is  formed  sion  of  volume  can  be  now  most  accurately 

some  carburetted  and  sulphuretted  hydrogen,  measured  by  bringing  the  mercury  to  a  level 

and  a  reddish-brown  solid  and  very  corobus-  in  each  leg. 

tible  matter,  which  seems  to  be  sulphur  slight-  Hie  subsequent  explosion  occasions  no 

ly  carburetted.     This  substance  remains  al-  danger,  and  a  scarcely  audible  report,     llie 

most  entirely  in  the  adopter  tube.     Hie  li-  result  is  a  true  analysis,  if  we  have  mixed 

quid  carburet  occupies  the  bottom  of  the  re-  oxygen  saturated  with  the  vapour,  at  ordina> 

cdver  bottle,  and  may  be  separated  from  the  ry  pressure  and  temperature,  with  about  ita 

superaatant  water,  by  putting  the  whole  into  volume  of  pure  oxygen ;  otherwise,  all  the 

a  funnel,  whose  tube  is  closed  with  the  finger,  sulphur  would  not  be  oxygenated.     We  ob- 

and  letting  the  denser  brown  carburet  flow  tain,  then,  sulphurous  and  carbonic  adds, 

out  below,  whenever  the  distinction  of  the  li-  with  the  excess  of  oxygen, 
quid  into  two  strata  is  complete.     Thus  ob-         The  carburet  of  sulphur  dissolves  camphor, 

tained,  the  carburet  is  always  yellowish,  con-  It  does  not  unite  with  water,  but  very  readily 

taininga  small  excess  of  sulphur,  which  may  with  alcohol  and  ether.     With  chloride  of 

be  removed  by  distillation  from  a  glass  re-  azote  it  forms  a  non-detonating  compound. 

tort,  plunged  in  water  at  a  temperature  of  Tbe  waters  ofpotash,  baryta,  and  lime,  slowly 

1 15°.     It  is  now  transparent  and  colourless,  decompose  it,  with  the  evolution  of  carbonic 

of  a  penetrating  fetid  smell,  and  an  acrid  add  gas.     I^  combines  with  ammonia  and 

burning  taste.      Ita  spedfic  gravity  varies  lime,  forming  carbo-sulphurets.     The  car- 

from   1.263  to  1.272.       According  to  Dr  buret,  saturated  with  anomoniacal  gas,  forms 

Marcet,  it  boils  below  110<>;  according  to  a  yellow  pulverulent  substance^  whidi  sub- 
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unaltered  in  dose  veawla,  but  is  so 
ddiqueacent  that  it  cannot  be  passed  ftom 
one  Teasel  to  another  without  absoiiiing  mois- 
tnre.  When  heated  in  that  state,  crystals 
of  hydrqaulphuret  of  ammonia  form.  The 
compound  with  lime  is  made  by  heating 
aome  quicklime  in  a  tub^  and  causing  the 
vapour  of  carburet  to  pass  throuj^  it  The 
lime  becomes  incandescent  at  the  instant  of 
combination. 

When  the  carburet  is  left  for  some  weeks 
in  contact  with  nitro-muriatic  acid,  it  is  con- 
Terted  into  a  substance  having  very  much  the 
appearance  and  physical  properties  of  cam- 
ptior ;  being  soluUe  in  alcohol  and  oils,  and 
insoluble  in  water.  Hiis  substance  is,  ac> 
cording  to  Berzelius,  a  triple  add,  composed 
of  two  atoms  of  muriatic  add,  one  atom  of 
sulphurous  acid,  and  one  atom  of  caiixmic 
add.  He  calls  it  muriatico-sulphurous  car- 
bonic add. 

When  potassium  is  heated  in  the  vapour  of 
the  carburet,  it  bums  with  a  reddish  fiMme^ 
and  a  black  film  appears  on  the  surface.  On 
admitting  water,  a  greenish  solution  of  sul- 
pburet  of  potssh  is  obtained,  containing  a 
mixture  of  chaitoal.  From  its  vapour  pass- 
ing through  ignited  muriate  of  silver,  without 
occasioning  any  reduction  of  the  metal,  it  is 
demonstrated  that  this  carburet  is  destitute 
of  hydrogen. 

When  the  compound  of  potash,  water,  and 
carburet  of  sulphur,  is  aidded  to  metalh'c 
solutions,  predpitates  of  a  peculiar  kind, 
called  carbo-sulphorets,  are  obtained.  Tlie 
following  is  a  table  of  the  colours  of  the 
precipitates  :— 

Muriate  of  cerium.         White  or  yellowish- 
white. 
Sulphate  of  manga- 
nese, Greenish-grey. 
Sulphate  of  rinc.            White. 
Permuriate  of  iron.         Dark  red. 
Submuriate  of  anti- 
mony. Orange. 
Muriate  of  tin.                Pale  orange,     then 

brown. 
Nitrate  of  cobalt.  Dark  olive-green,  at 

last  black. 
Nitrate  of  lead,  A  fine  scarlet 

Nitrate  of  copper.  Dark  brown. 

Protomoriate  of  mer- 
cury. Black. 
Permuriate  of  mer- 
cury, Orange. 
Muriate  of  Silver,  Reddish-brown. 

Carburet  of  sulphur  was  found  by  Dr 
Brewster  to  exceed  all  fluid  bodies  in  refrac- 
tive power,  and  even  the  solids,  flint>glass, 
topes,  and  tourmaline.  In  dispersive  power 
it  exceeds  every  fluid  substance  except  oil  of 
cassia,  holding  an  intermediate  place  between 
phosphorus  and  balsam  of  Tolu. 

The  best  method  of  analyzing  the  carburet 
of  sulphur  in  to  pass  its  vapour  over  ignited 


peroxide  of  iron ;  thou  j^  the  analysis  was 
skilfully  effected  by  MM.  Berthollet,  Vau- 
quelin,  and  Thenard,  by  transmitting  the 
vapour  through  a  red-hot  ooppcr  tube^  or  a 
porcelain  one  containing  copper  turnings. 
Both  the  first  method,  as  employed  by  Ber- 
zelius, and  the  second,  concur  in  showing  the 
carburet  to  consist  of 

1  prime  of  carbon,  0.       75      15.79 

2  primei  of  sulphur,    4.00      84i.21 

4.75  100.00 
Vauquelin's  experimental  numbera  are, 
from  15  to  16  carbon,  and  from  85  to  86 
sulphur ;  and  those  of  Berzdius  and  Maroet 
are  15.17  carbon,  and  84^83  sulphur,  in  100 
parts. 

Of  the  cold  produced  by  the  evaporation 
of  the  carburet  of  sulphur,  the  following  ac- 
count is  given  by  Mr  J.  Murray :  "  A  glass 
of  water  has  remained  on  the  table  since  the 
preceding  evening,  and  though  it  might  be 
some  degrees  below  32**  Fahr.  it  indicated 
no  disposition  for  congelation.  A  few  drops 
of  sulphuret  of  carbon  were  applied  to  the 
surface ;  instantly  the  globules  became  cased 
with  a  shell  of  icy  spicu]«  of  retiform  texture. 
Where  they  were  in  contact  with  the  water, 
plumose  branches  darted  from  the  sulphuret 
as  from  a  centre  to  the  bottom  of  the  vessel, 
and  tlie  whole  became  solidified.  Tlie  sul- 
phuret of  carbon  in  the  interim  volatilized ; 
and  during  this  period  the  spicules  exhibited 
the  colours  of  the  sobr  spectrum  in  beautiful 
array." 

CARBURETTED  HYDROGEN  GA& 
Of  this  compound  gas,  formerly  called  heavjf 
it^mmabU  air,  we  have  two  spedes,  differing 
in  the  proportions  of  the  constituents.  The 
first,  consisting  of  1  prime  equivalent  of 
eadi,  is  carburetted  hydrogen ;  the  second,  of 
1  prime  of  carbon,  and  2  df  hydrogen,  is 
subcarburetted  hydrogen.  1.  Carburetted 
hydrogen,  the  percarburetted  hydrogen  of  the 
French  chemists,  is,  according  to  Mr  Brande, 
the  only  definite  compound  of  these  two  ele- 
ments. To  prepare  it,  we  mix  in  a  glass  re- 
tort 1  part  of  alcoliol  and  4  of  sulphuric  add, 
and  expose  the  retort  to  a  moderate  heat 
The  gas  is  usually  recdved  over  water; 
though  De  Saussure  states  that  this  liquid 
absorbs  more  than  l-7tb  of  its  volume  of  the 
gas.  It  is  destructive  of  animal  life.  Its 
spedfic  gravity  is  0.978»  according  to  Saus- 
sure. 100  cubic  inches  wdgh  28.80  gr. 
It  possesses  all  the  mechanical  properties  of 
air.  It  is  invisible,  and  void  of  taste  and 
smell,  when  it  has  been  washed  from  a  little 
ethereous  vapour.  The  effect  of  heat  on  this 
gas  is  curious.  Wlien  passed  through  a  por- 
celain tube  heated  to  a  cherry-red,  it  lets 
fall  a  portion  of  charcoal,  and  nearly  doubles 
its  volume.  At  a  higher  temperature  it  de- 
posits more  charcoal,  and  augments  in  bulk ; 
till  finally,  at  the  greatest  heat  to  which  we 
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Cfin  fripose  it,  it  lets  fall  almost  the  whole  of 
its  carbon,  and  assumes  a  volume  3^  times 
greater  than  it  had  at  first.  These  remark- 
able results,  observed  witli  great  care,  have 
induced  the  illustrious  Bertbollet  to  con- 
clude, with  much  plausibility,  that  hydrogen 
atid  carbon  combine  in  many  successive 
proportions.  The  transmission  of  a  series 
of  electric  sparks  tlirough  this  gas,  produces 
a  similar  effect  with  that  of  simple  heat 

Carburetted  hydrogen  burns  with  a  splen- 
did white  flame.  When  mixed  with  three 
times  its  bulk  of  oxygen,  and  kindled  by  a 
taper  or  the  electric  spark,  it  explodes  with 
great  violence,  and  the  four  volumes  are  con- 
verted into  two  volumes  of  carbonic  acid. 
But  two  volumes  of  carbonic  acid  contain 
two  volumes  of  oxygen.  The  remaining 
volume  of  oxygen  therefore  has  been  expend- 
ed in  forming  water  with  two  volumes  of 
hydrogen.  Hence  the  original  volume  of 
carburetted  hydrogen  was  made  up  of  these 
two  volumes  of  hydrogen  =  0. 1388  (0.0694^ 
X  2)  -|-  2  volumes  of  gaseous  carbon  = 
0.8333,  constituting  1  condensed  volume  := 
0.9722.  By  gaseous  carbon  is  meant  the 
vapour  of  this  solid,  as  it  exists  in  carbonic 
acid ;  the  density  of  which  vapour  is  found 
by  subtracting  the  specific  gravity  of  oxygen 
from  that  of  carbonic  acid.  Hence  1.5277 
—  1.1 11 1  ^0.4166,  represents  the  density 
of  gaseous  carbon.  M.  Tlienard  says,  that 
if  we  mix  the  percarburetted  hydrogen  at 
once  with  three  times  its  volume  of  oxygen, 
the  eudiometer  would  be  broken ;  so  sudden 
and  powerful  is  the  expansion.  The  eudio- 
meter referred  to  is  that  of  Volta,  which 
costs  three  guineas  in  Paris.  'My  eudiome- 
ter, which  does  not  cost  three  shillings,  bears 
the  eiplosive  violence  of  the  above  mixture 
without  any  danger.  (See  Eudiometer.) 
When  it  is  detonated  with  only  an  equal 
volume  of  oxygen,  it  expands  greatly,  and 
the  two  volumes  become  more  than  three 
and  a  half.  In  this  case  only  l-8th  or 
1-lOth  of  a  volume  of  carbonic  acid  is  form- 
ed, but  more  than  a  volume  and  a  half  of 
carbonic  oxide :  a  little  hydrogen  is  consum- 
ed, but  the  greatest  part  remains  untouched 
and  mixed  with  the  carbonic  oxide.  It  may 
be  separated  by  combustion  with  chlorine. 

If  we  refer  the  weights  above  foimd,  from 
the  combining  volumes,  to  the  equivalent 
oxygen  scale,  we  shall  have  the  gas  consist- 
ing of  1  prima  of  each  constituent  :— 

For  0.1388: 0.125::. 8333:  0.752;  now 
0.125  and  0.750  represent  the  prime  equiva- 
lents of  hydrogen  and  carbon. 

When  this  gas  is  mixed  with  its  own  bulk 
of  chlorine,  the  gaseous  mixture  is  condensed 
over  water  into  a  peculiar  oily-looking  com- 
pound. Hence  this  carburetted  hydrogen 
was  called  by  its  discoverers,  the  assod^ed 
Dutch  chemists,  defiant  gas,  MM.  Robi- 
quet  and  Colin  formed  this  liquid  in  consi- 


derable  quantities,  by  making  two  currents 
of  its  constituent  gases  meet  in  a  glass  globe. 
The  olefiant  gas  should  be  in  rather  larger 
quantity  than  the  chlorine,  otherwise  the 
Uquid  becomes  of  a  green  colour,  and  ac- 
quires acid  properties.  When  it  is  washed 
with  water,  and  distilled  off  dry  muriate  of 
lime,  it  may  be  regarded  as  pure.  It  is  then 
a  limpid  colourless  essence  of  a  pleasant  fla- 
vour, and  a  sharp,  sweet,  and  not  disagree- 
able taste.  At  45^  its  specific  gravity  u 
2.2201.  Its  boiling  point  is  152^.  At  49<> 
its  vapour  is  said  to  be  capable  of  sustaining 
a  column  of  24^  inches  of  mercury.  The 
specific  gravity  of  the  vapour  is  3.4434,  com- 
pared to  atmospheric  air.  But  that  quantity 
is  the  sum  of  the  densities  of  chlorine  and 
■olefiant  gas.  It  will  consist  therefore,  by 
weight,  of 

Olefiant  gas,  0.9722  (2  X  0.875)  1.75 
Chlorine,        2.500  4w50 


a4722  6.25 

or  two  primes  of  the  first,  and  one  of  the 
cond.  Its  ultimate  constituents  are  therefore 
1  chlorine,  2  carbon,  and  2  hydrogen.  This 
essence  bums  with  a  green  flame,  from  which 
charcoal  is  deposited,  and  muriatic  acid  gas 
flies  off.  Decomposition,  with  similar  re- 
sults, is  effected  by  passing  the  liquid  through 
a  red-hot  poreelain  tube.  Its  constitution 
probably  resembles  that  of  muriatic  ether. 

Olefiant  gas  is  el^antly  analyzed  by  beat- 
ing sulphur  in  it  over  mercury.  One  cubic 
inch  of  it,  with  2  grains  of  sulphur,  yields  2 
cubic  inches  of  sulphuretted  hydrogen,  and 
charcoal  is  deposited.  Now  we  know  that 
the  latter  gas  contains  just  its  own  volume 
of  hydrogen. 

2.  Subcarburetted  hydrogen.  This  gas  is 
supposed  to  be  procured,  in  a  state  of  definite 
composition,  from  the  mud  of  stagnant  pools 
or  ditches.  We  have  only  to  fill  a  wide- 
mouthed  goblet  with  water,  and  inverting  it 
in  the  ditch-water,  stir  the  bottom  with  a 
stick.     Gas  rises  into  the  goblet. 

The  fire-damp  of  mines  is  a  similar  gas  to 
that  of  ditches.  Hiere  is  in  both  cases  an 
admixture  of  carbonic  acid,  which  lime  or 
potash,  water  will  remove.  A  proportion  of 
air  is  also  present,  the  quantity  of  which  can 
be  ascertained  by  analysis.  By  igniting  ace- 
tate of  potash  in  a  gun-barrel,  an  analogous 
species  of  gas  is  obtained.  According  to  M. 
Bertbollet,  the  sp.  gr.  of  the  carburetted  hy- 
drogen from  ditch  mud,  exclusive  of  the 
azote,  is  0.5382. 

Subcarburetted  hydrogen  is  destitute  of 
colour,  taste,  and  smell.  •  It  bums  with  a 
yellow  flame,  like  that  of  a  candle.  When 
mixed  with  twice  its  volume  of  oxygen  and 
exploded,  we  obtain  exactly  its  own  bulk  of 
carbonic  acid,  while  water  is  precipitated. 
We  can  hence  infer  the  composition  of  sub- 
carburetted hydrogen.     For  of  the  two  vo- 
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lumes  of  oxygen,  one  remains  gaseous  in  the  hydrogen,  condensed  into  I  volume,  com- 

carbonic  acid,  and  another  is  condensed  with  pose  subcarburetted  hydrogen  gas.     Tlius, 

two  Tolumes  of  hydrogen  into  water.     1  to-  in  numbers, 
lume  of  vapour  of  carbon  -|-  2  volumes  of 


1  volume  of  gaseous  carbon 

2  da  .  hydrogen 


0.4166  0.75 

0.1388  (0.125  X  2)  s=  0.25 


1  prime 

2  primes 


0.5554. 


1.00 


Here  we  see  the  specific  gravity  0.5554  is 
very  near  the  determination  of  Berthollet 
We  also  perceive  the  compound  prime  to  be 
1.000,  the  same  as  oxygen.  B^thollet  says 
that  the  carburelted  hydrogen  obtained  by 
exposing  olefiant  gas  to  an  intense  heat,  con- 
tains 2  of  hydrogen  to  1  of  carbon  by  weight 
TbJA  proportion  corresponds  to 

12  primes  of  hydn^n  =s  1.5 
And  1     do.   of  carbon       =5  0.75 

As  the  gas  of  ditches  and  the  choke-damp 
of  mines  is  evidently  derived  from  the  action 
of  water  on  decaying  vegetable  or  carbona- 
ceous matter,  we  can  understand  that  a  simi- 
lar product  will  be  obtained  by  passing  water 
over  ignited  charcoal,  or  by  heating  moisten- 
ed charcoal  or  vegetable  matter  in  retorts. 
The  gases  are  here,  however,  a  somewhat 
complex  mixture^  as  well  as  what  we  obtain 
by  igniting  pit-coal  and  wood  in  iron  retorts. 
(See  Coal  Gas.)  The  combustion  of  sub- 
carburetted hydrogen  with  common  air  takes 
place  only  when  they  are  mixed  in  certain 
proportions.  If  from  6  to  12  parts  of  air  be 
mixed  with  one  of  carburetted  hydrogen,  we 
have  explosive  mixtures.  Proportions  be- 
yond these  limits  will  not  explode.  In  like 
manner,  from  I  to  2^  of  oxygen  must  be 
mixed  with  one  of  the  combustible  gas, 
otherwise  we  have  no  explosion.  Sir  H. 
Davy  says  that  this  gas  has  a  disagreeable 
empyreunuitic  smell,  and  that  water  absorbs 
1-dOth  of  its  volume  of  it.     See  Oil  Gas. 

CARICA  PAPAYA;  papawtree.  Evei7 
part  of  the  papaw  tree,  except  the  ripe  Aruit, 
affords  a  milky  juice,  which  is  used  in  the' 
Isle  of  France  as  an  eflTectual  remedy  for  the 
tape-worm.  In  Europe,  however,  whither 
it  has  been  sent  in  the  concrete  state,  it  has 
not  answered. 

The  most  remarkable  circumstance  re- 
garding the  papaw  tree,  is  the  extraction 
from  its  juice  of  a  matter  exactly  resembling 
the  flesh  or  fibre  of  animals,  and  hence  called 
Tcg^tMeJibriae ;  which  see. 

CARINTHINE.  A  sub-species  of  the 
mineral  Augite.  Colour  black.  Occurs 
massive  and  disseminated.  Internally  splen- 
dent Resino-vitreous.  Distinct  cleavage 
of  124<'  34'.  Fracture  conchoidal.  Green- 
ish-black  variety ;  translucent  on  the  edges, 
velvet-black,  opaque.  Occurs  in  the  Saudpe 
in  Carinthia,  in  a  bed  in  primitive  rock,  as- 
sociated wiA  quartz,  kyanite,  garnet,  and 
zoia.te,'-^ameson. 


CARMINE.  A  red  pigment  prepared 
from  cochineal.     See  Lake. 

CARNELIAN  is  a  sub-species  of  calce- 
dony.  Its  colours  are  white,  yellow,  brown, 
and  red.  It  has  a  conchoidal  fracture,  and 
a  specific  gravity  of  2.6.  It  is  seroitranspar- 
rent,  and  has  a  glistening  lustre.  It  consists 
of  94  silica,  3.5  alumina,  and  0.75  oxide  of 
iron.  The  finest  specimens  come  from  Cam- 
bay  and  Surat  in  India.  It  is  found  in  tl\e 
channels  of  torrents  in  Hindostan,  in  nodules 
of  a  blackish-olive  passing  into  grey.  After 
exposure  for  some  .weeks  to  the  sun,  the^ 
are  subjected  to  heat  in  earthen  pots,  whence 
proceed  the  lively  colours  for  which  they  are 
valued  in  jewellery.  It  is  sofler  than  com- 
mon calcedony. 

CAROMEL.  The  smell  exhaled  by  su- 
gar, at  a  calcining  heat 

CARPHOLITE.  This  mineral  is  yel- 
low, but  sometimes  colourless.  It  occurs  in 
minute  crystals,  generally  in  a  radiating  form,; 
also  amorphous.  In  this  state  it  is  white. 
Sp.  grav.  2.935.  It  consists  of  silica  37.53, 
alumina  26.47,  oxide  of  manganese  18.33, 
protoxide  of  iron  6.27,  water  11.36.  It 
fuses  at  the  blowpipe  with  intumescence, 
whitens,  and  then  becomes  a  brown  opaque 
glass.  It  is  found  at  Schtackenwalde  in  Bo- 
hemia.— Philips^s  Minrralogy, 

CARTHAMUS,  SAFFLOWER,  or 
BASTARD  SAFFRON.  In  some  of  the 
deep  reddish,  yellow,  or  orange-coloured 
flowers,  the  yellow  matter  seems  to  be  of  the 
same  kind  with  that  of  the  pure  yellow  flow- 
ers; but  the  red  to  be  of  a  different  kind 
from  the  pure  red  ones.  Watery  menstrua 
take  up  only  the  yellow,  and  leave  the  red, 
which  may  ^^rward  be  extracted  by  alcoho], 
or  by  a  weak  solution  of  alkaU.  Such  par- 
ticularly are  the  saffron-coloured  flowers  of 
carthamus.  These,  after  the  yellow  matter 
has  been  extracted  by  water,  are  said  to  give 
a  tincture  to  ley ;  from  which,  on  standing 
at  rest  for  some  time,  a  deep  red  fecula  sub- 
sides called  safflower,  and  fVom  the  countries 
whence  it  is  commonly  brought  to  us,  Spa- 
nish red  and  China  lake.  This  pigment  im- 
pregnates alcohol  vrith  a  beautiful  red  tinc- 
ture, but  communicates  no  colour  to  water. 

Rouge  is  prepared  from  carthamus.  For 
this  purpose  the  red  colour  is  extracted  by  a 
solution  of  ttie  subcarbonate  of  soda,  and 
precipitated  by  lemon  juice  previously  depu- 
rated by  standing.     T\m  precipitate  is  dri^ 
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an  eaitben  plates,  mixed  with  talc  or  FVendi  tnsnufiictured  in  iron  and  nearly  fimsbed, 

chalk,  reduced  to  a  powder  by  means  of  the  ailer  which  they  are  put  into  an  iron  box, 

leaves  of  shaTe-grass,  triturated  with  it  till  together  with  yegetable  or  animal  coals  in 

they  are  both  very  fin^  and  then  sifted,  powder,  and  cemented  for  a  certain  time. 

The  fineness  of  the  powder  and  proportion  Hiis  treatment  converts  the  external  part  into 

of  the  precipitate  coAtitute  the  difference  a  coating  of  steel,  which  is  usually  very  thin, 

between  the  finer  and  cheaper  rouge.     It  is  because  the  time  allowed  fbr  the  cementation 

likewise  spread  very  thin  on  saucers,  and  is  much  shorter  than  when  the  whole  is  in- 

sold  in  this  state  for  dyeing.  tended  to  be  made  into  steel.    Immersion  of 

Carthamus  is  used  for  dyeing  silk  of  a  the  heated  pieces  into  water  hardens  the  sur- 

poppy,  cherry,  rose^  or  bright  orange-red.  face,  which  is  afterward  polished  by  the  usual 

After  the  yellow  matter  is  extracted  as  above,  methods.     Moxon*s  Mechanic  Exercises,  p. 

and  the  cakes  opened,  it  is  put  into  a  deal  56.  gives  the  following  receipt :— Cow's  born 

trough,  and  sprinkled  at  different  times  with  -  or  hoof  is  to  be  baked  or  thoroughly  dried,  and 

pearl  ashes,  or  rather  soda,  well  powdered  pulverised.     To  this  add  an  equal  quantity 

and  sifted,  in  the  proportion  of  six  pounds  of  bay  salt :  mix  them  with  stale  dbamber- 

to  a  hundred,  mixing  the  alkali  well  as  it  is  ley,  or  white  wine  vinegar :  cover  the  Iron 

put  in.     The  alkali  should  be  saturated  with  with  this  mixture,  and  bed  it  in  the  same  In 

carbonic  add.     The  carthamus  is  then  put  loam,  or  enclose  it  in  an  iron  box:  lay  it  then 

on  a  cloth  in  a  trough  with  a  grated  bottom,  on  the  hearth  of  the  forge  to  dry  and  harden : 

placed  on  a  larger  trough,  and  cold  water  then  put  it  into  the  fire,  and  blow  till  the 

poured  on  till  the  larger  trough  is  filled,  lump  have  a  blood-red  hea^  and  no  higher. 

And  tliis  is  repeated,  with  the  addition  of  a  lest  the  mixture  be  burnt  too  much.      Take 

little  more  alkali  toward  the  end,  till  the  car-  the  iron  out,  and  immerse  it  in  water  to 

thamus  is  exhausted  and  become  yellow,  harden. 

Lemon  juice  is  then  poured  into  the  bath,  CASEIC'ACID.  The  name  which  Proust 

till  it  is  turned  of  a  fine  cherry  colour,  and  gave  to  a  substance  of  an  acid  nature,  which 

after  it  is  well  stirred,  the  silk  is  immersed  he  extracted  from  cheese^  and  to  which  he 

in  it     The  silk  is  wrung,  drained,  and  pass-  ascribes  many  of  the  properties  of  this  species 

ed  through  fresh  baths,  washing  and  drying  of  food. 

after  every  operation,  till  it  is  of  a  proper  CASSAVA.    An  American  plant,  the^o- 

colour ;  when  it  is  brightened  in  hot  water  tropha  manihat,  contains  the  nutritive  starch 

and  lemon  juice.     For  a  poppy  or  fire  colour  cassava,  curiously  associated  with  a  deadly 

a  slight  annotto  ground  is  first  given;  but  poisonous  juice.      The  roots  of  ^almpAa  are 

the  silk  should  not  be  alumed.     For  a  pale  squeezed  in  a  bag.     The  cassava  remains  in 

carnation,  a  little  soap  should  be  put  into  the  it ;  and  the  juice,  which  is  used  by  the  In- 

bath.     All  these  baths  must  be  used  as  soon  dians  to  poison  their  arrows,  gradually  lets 

as  they  are  made ;  and  cold,  liecause  heat  fall  some  starch  of  an  innocent  and  very  nu- 

destroys  the  colour  of  the  red  feculae.  tritious  quality.     The  whole  solid  matter  is 

CARTILAGE.     An  elastic,  semitrans-  dried  in  smoke,  ground,  and  made  into  bread, 

parent,  animal  solid,  which  remains  of  the  C  A  SSI  US*  S    Purple   IVecipitate.       See 

shape,  and  one-third  the  weight  of  the  bones,  Gold. 

when  the  calcareous  salts  are  removed  by  di-  CASTOR.   A  soft  greyish-yellow  or  light 

gestion  in  dilute  muriatic  acid.    It  resembles  brown  substance^  found  in  four  bags  in  the 

coagulated  albumen.     Nitric  acid  converts  it  inguinal  region  of  the  beaver.     In  a  warm 

into  gelatin.     With  alkalis  it  forms  an  ani-  air  it  grows  by  degrees  hard  and  brittle,  and 

mal  soap.     Cartilage  is  the  primitive  paste,  of  a  darker  colour,  especially  when  dried  in 

into  which  the  calcareous  salts  are  deposited  du'mneys,  as  is  usually  done.     According  to 

in  the  young  animaL    In  the  disease  rickets.  Bouillon  Lagrange,  it  consists  of  a  mudlage, 

the  earthy  matter  is  withdrawn  by  morbid  a  bitter  extract,  a  resin,  an  essential  oil,  in 

absorption,  and  the  bones  return  into  the  which  its  peculiar  smell  appears  to  reside,  and 

state  nearly  of  flexible  cartilage.      Hence  a  flaky  crystalline  matter,  much  resembling 

arise  the  distortions  characteristic  of  this  dis-  the  adipocure  of  biliary  calculi, 

case.  Castor  is  regarded  as  a  powerful  antispas- 

CASE-HARDENING.  Steel  whenhar-  modic. 

dened  is  brittle,  and  iron  alone  is  not  capable  CASTOR  OIL.     See  Oils. 

of  recdving  the  hardness  steel  may  be  brought  C  ASTORIN  A.    A  light  powder  predpi- 

to  possess.     There  is  nevertheless  a  variety  of  tated  from  alcohol  which  had  been  boiled  for 

articles  in  which  it  is  desirable  to  possess  all  some  time  on  one-sixth  its  weight  of  castor, 

tliehardnessof  steel,  together  with  the  tough-  On  redissolution  in  hot  alcohol,  prismatic 

ness  of  iron.     These  requisites  are  um'ted  in  acicular  crystals  were  obtained,  diaphonous 

the  art  of  case-hardening,  which  does  not  differ  and  white.     ITiese  dissolve  readily  in  ether, 

from  the  making  of  steel,  except  in  the  shorter  When  heated,  they  fiise  and  appear  to  boil, 

duration  of  the  process.     Tools,  utensils,  or  emitting  vapours  which  bum  brilliantly  in  the 

ornaments  intended  to  be  polished,  are  first  air.     lliey  do  not  give  ammonia  in  destruc- 


CAUSTIC  (LUNAR). 


311 


C£L£STINE. 


tive  distillation.— JBizio  in  the  Gior.de  Fincoy 
vu.  174. 

CATECHU. «  A  brown  astringent  sub- 
stance,  fiMrmerly  known  by  the  name  of  «7a|>an 
earth.  It  is  a  dry  extract,  prepared  from  the 
wood  of  a  species  of  sensitive  plant,  the  mi^ 
mota  caUdiu,  It  is  imported  into  this  country 
from  Bombay  and  BengaL  According  to  Sir 
H.  Davy,  who  analysed  it,  that  from  Bombay 
is  of  uniform  texture,  red-brown  colour,  and 
specific  gravity  1.39:  that  from  Bengal  is 
more  friable  and  leas  oonastent,  of  a  chocolate 
colour  externally,  but  internally  chocolate 
streaked  with  red-brown,  and  specific  gravity 
].Si8.  Hie  catechu  from  either  place  differs 
little  in  its  properties.  Its  taste  is  astringent, 
leaving  behind  a  sensation  of  sweetness.  It 
is  almost  wholly  soluble  in  water. 

Two  hundred  grains  of  picked  catechu  from 
Bombay  afford^  109  grains  of  tannin,  66 
extractive  matter,  13  mucilage,  10  residuum, 
chiefly  sand  and  calcareous  earth.  The  same 
quantity  from  Bengal :  tannin  97  grains,  ex- 
tractive matter  73,  mucilage  16,  residual  mat- 
ter, being  sand,  with  a  small  quantity  of  cal- 
careous and  aluminous  earths,  14.  Of  the 
latter,  the  darkest  parts  appeared  to  afford 
most  tannin,  the  lightest  most  extractive 
matter.  Hie  Hindoos  prefer  the  lightest 
coloured,  which  has  prolxably  most  sweet- 
ness, to  diew  with  the  betel-nut. 

Of  all  the  astringent  substances  we  know, 
catechu  appears  to  contain  the  largest  pro- 
portion of  tannin ;  and  Mr  Purkis  found, 
thai  one  pound  was  equivalent  to  seven  or 
eight  of  oak  bark  for  the  purpose  of  tanning 


As  a  medicine  it  has  been  recommended  as 
a  powerful  astringent,  and  a  tincture  of  it  is 
usied  for  this  purpose ;  but  its  aqueous  solu- 
tion is  less  irritating.  Made  into  troches  with 
gum-arabic  and  sugar,  it  is  an  elegant  prepa- 
ration, and  in  thb  way  is  said  much  to  assist 
the  clearness  of  the  voice,  and  to  be  remark- 
ably serviceable  in  disorders  of  the  throat. 

CAT'S  EYE.  A  mineral  of  a  beautiful 
appearance,  brought  from  Ceylon. 

Its  colours  are  grey,  green,  brown,  red,  of 
various  shades.  Its  internal  lustre  is  shining, 
its  fracture  imperfectly  conchoidal,  and  it  is 
translucent.  From  a  peculiar  play  of  light, 
arising  from  white  fibres  interspersed,  it  has 
derived  its  name,  "fhe  French  call  the  ap- 
pearance chatoyant.  It  scratches  quartz,  is 
easily  broken,  and  resists  the  blowpipe.  Its 
sp.  gr.  is  2.64w  Its  constituents  are,  accord- 
ing to  Klaproth,  95  silica,  1.75  alumina,  1.5 
lime,  and  0.^  oxide  of  iron.  It  is  valued 
for  setting  as  a  precious  stone. 

C  ATH  A  RTI  N£.  A  name  proposed  for 
a  substance  said  to  be  extracted  from  senna 
leaves  by  MM.  Lassaigne  and  FencuUe,—- 
Ann,  de  Chim.  el  de  Phyt.  xvi.  20. 

CAUSTIC  (LUNAR).  Fused  nitrate 
of  silver.     See  Silver. 


CAUSTICITY.  All  substances  which 
have  so  strong  a  tendency  to  combine  wltli 
the  principles  of  organized  substances  as  to 
.destroy  their  texture^  are  said  to  be  caustic 
Hie  chief  of  these  are  the  concentrated  acids, 
pure  alkalis,  and  the  metallic  salts. 

CAUTERY  (POTENTIAL).  See 
CAumc. 

CAWK.  A  term  by  which  the  miners 
disdnguish  the  opaque  specimens  of  sulphate 
of  baryta. 

CELESTINE.  Native  sulphate  of  stron- 
tia.  This  mineral  is  so  named  from  its  oc- 
casional delicate  blue  coIcho';  though  it  is 
frequently  found  of  other  shades,  as  white, 
greyish,  and  yellowish-white  and  red.  It 
occurs  both  massive  and  crystallized.  Some- 
times also  in  fibrous  .and  stellated  forms. 
According  to  Haiiy,  the  primitive  form  is  a 
right  rfaomboidal  prism,  of  104^  46^  and  15P 
12'.  llie  reflecting  goniometer  makes  these 
angles  104^  and  76^  The  varieties  of  its 
crystals  may  be  referred  to  four  or  six-sided 
prisms,  terminated  by  two,  four,  or  eight- 
sided  summits.  It  has  a  shining  lustre,  and 
is  either  transparent,  translucent,  or  opaque. 
It  scratches  calcareous  spar,  but  is  scratched 
by  fluor.  It  is  very  brittle.  Its  sp.  gr.  is 
3»6.  Before  the  blowpipe  it  fuses  into  a 
white,  opaque,  and  friable  enameL 

Hie  three  sub-species  are,  Ist,  Hie  com- 
pact, found  in  Montmartre  near  Paris,  of  a 
yellowish-grey  colour,  in  rounded  pieces,  of  a 
dull  lustre,  opaque,  and  consisting,  by  Vau- 
quelin's  analysis,  of  91.4>2  sulphate  of  stron^ 
tia,  8.33  carbonate  of  lime,  and  0.25  oxide 
of  iron.  2d,  The  fibrous,  whose  colours 
are  indigo-blue  and  bluish-grey ;  sometimes 
white.  It  occurs  both  massive  and  crystal- 
lized. Shining  and  scnoewhat  pearly  lustre. 
It  is  translucent.  Sp.  grav.  3.83.  3d,  The 
foliated,  of  a  milk-white  colour,  falling  into 
blue.  Massive,  and  in  grouped  crystals,  of 
a  shining  lustre  and  strai^t  foliated  texture. 
IVanslucent  Celestine  occurs  most  abun- 
dantly near  Bristol  in  the  red  marl  forma- 
tion; and  crystallised  in  red  sandstone,  at 
Inverness  in  Scotland. 

M.  Gruner  Ober  Berg  of  Hanover  has 
lately  favoured  the  vrorld  with  an  analysis  of 
a  crystallized  celestine  found  in  the  nei^- 
bourhood  of  that  dty,  of  rather  peculiar  com- 
position. Its  sp.  gr.  is  only  3.59,  and  yet  it 
contains  a  large  proportion  of  sulphate  of 
baryta  :-r- 

Sulphate  of  strontia,  -  7^000 

Sulphate  of  baryta,  -  26.166 

Ferruginous  day,         -         -        0.213 
Loss,        ....        0.621 


100.000 
Had  tlie  result  lieen  75  of  sulphate  of  stron- 
tia -^  25  sulphate  of  baryta,  we  should  have 
considered  the  mineral  as  a  compound  of  4 
primes  of  the  first  salt  -{-  1  o^  the  second. 
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Now  the  uialjrsity  in  my  opinion^  cuuiot  be 
confided  in  within  these  limits ;  for  the  mingled 
muriates  of  the  earths  were  separated  by  di- 
gestion in  16  times  their  weight  of  boiling 
alcohol,  of  a  stren^  not  named.  Besides, 
the  previous  perfect  conversion  of  thesulphates 
into  carbonates,  by  merely  fusing  the  mineral 
with  thrice  its  weight  of  carbonate  of  potash, 
is,  to  say  the  least,  problematical.  Dr  Thom- 
son adapts  M.  Ober  Berg's  analysis  to  7 
atoms  of  sulphate  of  strontia,  and  2  atoms 
of  sulphate  of  baryta. 

CEMENT.  Whatever  is  employed  to 
unite  or  cement  together  things  of  the  same 
or  different  kinds,  may  be  oslled  a  cement. 
In  this  sense  it  includes  LoTES,  Glctes,  and 
SOLDEBS  of  every  kind,  which  see ;  but  it  is 
more  commonly  employed  to  signify  those  of 
which  the  basis  is  an  earth  or  eairthy  salt. 
(See  Lime.)  We  shall  here  enumerate,  chief- 
ly from  the  Philosophical  Magazine,  some 
cements  that  are  used  for  particular  purposes. 

Seven  or  eight  parts  of  resin,  and  one  of 
wax,  melted  together,  and  mixed  with  a  small 
'  quantity  of  plaster  of  Paris,  is  a  very  good 
cement  to  unite  pieces  of  Derbyshire  spar,  or 
other  stone.  The  stone  should  be  made  hot 
enough  to  melt  the  cement,  and  the  pieces 
should  be  pressed  together  as  closely  as  pos- 
sible, so  as  to  leave  as  little  as  may  be  of  the 
cement  between  them.  This  is  a  general  rule 
in  cementing,  as  the  thinner  the  stratum  of 
cement  interposed,  the  firmer  it  will  hold. 

Melted  brimstone  used  in  the  same  way 
will  answer  sufficiently  well,  if  the  joining  be 
not  required  to  be  very  strong. 

It  sometimes  happens,  that  jewellers,  in 
setting  precious  stones,  break  off  pieces  by 
accident:  in  this  case  they  join  them  so  that 
it  cannot  easily  be  seen,  with  gum  mastic, 
the  stone  being  previously  made  hot  enough 
to  melt  it.  By  the  same  medium,  cameos  of 
white  enamel,  or  coloured  glass,  are  often 
joined  to  a  real  stone  as  a  ground,  to  produce 
the  appearance  of  an  onyx.  Mastic  is  like- 
wise used  to  cement  false  backs  or  doublets 
to  stones,  to  alter  their  hue. 

The  jewellers  in  Turkey,  who  are  gene- 
rally Armenians,  ornament  watch-cases  and 
other  trinkets  with  gems,  by  glueing  them 
on.  The  stone  is  set  in  silver  or  gold,  and  the 
back  of  the  setting  made  flat  to  correspond 
with  the  part  to  which  it  is  to  be  appUed.  It 
is  then  fixed  on  with  the  following  cement : 
Isinglass,  soaked  in  water  till  it  swells  up 
and  becomes  soft,  is  dissolved  in  French 
brandy,  or  in  rum,  so  as  to  form  a  strong 
glue.  Two  small  bits  of  gum  galbanum, 
or  gum  ammoniacum,  are  dissolved  in  two 
ounces  of  this  by  trituration  ;  and  five  or  six 
bits  of  mastic,  as  big  as  pease,  being  dissolv- 
ed in  as  much  alcohol  as  will  fender  them 
fluid,  arc  to  be  mixed  with  this  by  means  of 
a  gentle  heat.  Tliis  cement  is  to  be  kept  in 
a  phial  closely  stopped  ',  and  when  used,  it  U 


to  be  liquefied  by  immening  the  phial  in  hot 
water.     Hiis  cement  resists  moisture. 

A  solution  of  shell  lac  in  alcohol,  added 
to  a  solution  of  isinglass  in  proof  sfnrit,  makes 
another  cement  that  will  resist  moisture. 

So  does  common  glue  melted  without  wa- 
ter, with  half  its  weight  of  resin,  with  the 
addition  of  a  little  red  ochre  to  give  it  a 
body.  This  is  particularly  useful  for  cement* 
ing  hones  to  their  frames. 

If  clay  and  oxide  of  iron  be  mixed  with 
oil,  according  to  M.  Gad  of  Stockhofan,  they 
vrill  form  a  cement  that  will  harden  under 
water. 

A  strong  cement,  insoluble  in  water,  may 
be  made  from  cheese.  Hie  cheese  shoukl 
be  that  of  skimmed  milk,  cut  into  slicea, 
throwing  away  the  rind,  and  boiled  till  it  be- 
comes a  strong  glue,  which,  however,  does 
not  dissolve  in  the  water.  This  water  being 
pouivd  off,  it  b  to  be  washed  in  cold  water, 
and  then  kneaded  in  warm  water.  This  pro- 
cess is  to  be  repeated  several  times.  Hie  glue 
is  then  to  be  put  warm  on  a  levigating  stone!, 
and  kneaded  with  quicklimes  This  cement 
may  be  used  cold,  but  it  is  better  to  warm 
it ;  and  it  will  join  marble,  stone,  or  earthen- 
ware, so  that  the  joining  is  scarcely  to  be 
discovered. 

Boiled  linseed  oil,  lithaige,  red  lead,  and 
white  lead,  mixed  together  to  a  proper  con- 
sistence, and  applied  on  each  side  6f  a  piece 
of  flannel,  or  even  linen  or  paper,  and  put 
between  two  pieces  of  metal  before  they  are 
brought  home,  or  close  tc^ether,  wUl  make 
a  close  and  durable  joint,  that  will  resist  boil- 
ing water,  or  even  a  considerable  pressure  of 
steam.  The  proportions  of  the  ingredients  are 
not  material ;  but  the  more  the  red  lead  pre- 
dominates, the  sooner  the  cement  will  dry, 
and  the  more  the  white,  the  contrary.  This 
cement  answers  well  for  joining  stones  of 
any  dimensions. 

The  following  is  an  excellent  cement  fbr 
iron,  as  in  time  it  unites  with  it  into  one  mass. 
Take  two  ounces  of  muriate  of  ammonia,  one 
of  flowers  of  sulphur,  and  16  of  cast-iron 
filings  or  borings.  Mix  them  well  in  a  mor- 
tar, and  keep  the  .powder  dry.  When  the 
cement  is  wanted  for  use,  take  one  part,  of 
this  mixture^  twenty  parts  of  clear  iron  bor- 
ings or  filings,  grind  them  together  in  a  mor- 
tar, mix  them  with  water  to  a  proper  con- 
sistence, and  apply  them  between  the  joints. 

Powdered  quicklime  mixed  with  bullock's 
blood,  is  often  used  by  coppersmiths  to  lay 
over  the  rivets  and  edges  of  the  sheets  of 
copper  in  large  boilers,  as  a  security  to  the 
junctures,  and  also  to  prevent  cocks  from 
leaking. 

Six  parts  of  clay,  one  of  iron  filings,  and 
linseed  oil  suflicient  to  form  a  thick  paste, 
make  a  good  cement  for  stopping  cracks  in 
iron  boilers. 

Temporary  cements  are  wanted  in  cutting* 
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grinding,  or  polishiDg  opticai  gia«es,  stones, 
and  various  small  articles  of  jewellery,  which 
it  is  necessary  to  fix  on  blocks,  or  handles, 
lor  the  purpose.  Four  ounces  of  resin,  a 
q[narter  of  an  ounce  of  wax,  and  four  ounces 
of  whiting  made  previously  red-hot,  form  a 
good  cement  of  this  kind;  as  any  of  the 
above  articles  may  be  fastened  to  it  by  heat- 
ing them,  and  removed  at  pleasure  in  the 
same  manner,  though  they  adhere  very  firmly 
to  it  when  cold.  Fitch,  resin,  and  a  small 
quantity  of  tallow,  thickened  with  brick^dust, 
k  much  used  at  Birmingham  for  these  pur- 
poses. Four  parts  of  resin,  one  of  bees*  wax, 
and  one  of  brick^dust,  likewise  make  a  good 
oemenL  This  answers  extremely  well  for 
fixing  knives  and  forks  in  their  hafts ;  but 
the  manufacturers  of  cheap  articles  of  this 
kind  too  commonly  use  resin  and  brick-dust 
alone.  On  some  occasions,  in  which  a  very 
tough  cement  is  requisite,  that  will  not  crack 
though  exposed  to  repeated  blows,  as  in  fast- 
>ening  to  a  block  metallic  articles  that  are  to 
be  cut  with  a  hammer  and  punch,  woritoen 
usually  mix  some  tow  with  the  cement,  the 
fibres  of  which  hold  its  parts  together. 

Mr  Singer  recommends  the  following  com- 
position as  a  good  cement  for  electrical  appa- 
ratus :  Five  pounds  of  resin,  one  of  bees' 
wax,  one  of  red  ochre,  and  two  table  spoon- 
lub  of  plaster  of  Paris,  all  melted  together. 
A  cheaper  one  for  cemendng  voltaic  phites 
into  wcNoden  troughs  is  made  with  six  pounds 
of  resin,  one  pound  of  red  ochre,  half  a 
pound  of  plaster  of  Paris,  and  a  quarter  of  a 
pint  of  linseed  oiL  The  ochre  and  plaster  of 
Psris  should  be  well  dried,  and  added  to  the 
other  ingredients  in  a  melted  state. 

Analysis  of  water  cements  by  Sir  Hum- 
phrey Davy. 

Mr  Fkrker's  patent  cement-* 

50  grains     100  gr. 
contain         — 
11 


Mulgnv^* 


Silex, 
Alumina, 

Oxide  of  iron,       > 

and  manganese^) 

Carbonate  of  lime. 


Loss, 


60  grains  100  gr. 

contain  — ii.. 

10.5  21 

-      a75  7.5 


1.62 


Silex, 
Alumina, 
Oxide  of  iron,      ) 
and  manganese,  y 
Carbonate  of  lime. 


4.5 

6.5 

27.5 


50  grains  lost  by  heating,     If 
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Silex,        . 
Alumina, 
Oxide  of  iron,      ) 
and  manganese,  3 
Carbonate  of  lime, 


Loss  by  heat 


22 
9 

13 

55 

—99 
3.25 

102.25 


50  grains  100  gr. 

contain  .— ~ 

12.75  25.5 

2.5  5. 

5.25 

27.75 


1.25 


100.32 

M.  Bruyere  finds  that  an  excellent  artifi- 
cial water  cement  may  be  obtained  by  heat- 
ing a  mixture  of  three  parts  clay,  and  one 
part  slaked  lime,  by  measure,  for  some  hours 
to  redness.— ^nn.  fie  Mines,  i».  550. 

CEMENT,  for  buildings.     See  JLuiE. 

CEMENTATION.  A  chemical  process, 
which  consists  in  surrounding  a  body  in  the 
solid  state  with  the  powder  of  some  other 
bodies,  and  exposing  the  whole  for  a  time,  in 
a  closed  vessel,  to  a  d^ree  of  heat  not  suffi- 
cient to  fuse  the  contents.  Thus  iron  is 
converted  into  steel  by  cementation  with  char- 
coal ;  green  bottle  glass  is  converted  into 
porcelain  by  cementation  with  sand,  &c. 
See  Iron  and  Porcelain. 

CERASIN.  The  name  given  by  Dr 
John  of  Berlin  to  those  gummy  substances 
which  swell  in  cold  water,  but  do  not  rea- 
dily dissolve  in  it.  Cerssin  is  soluble  in 
boiling  water,  but  separates  in  a  jelly  when 
the  water  cools.  Water  acidubited  with  sul- 
phuric, nitric,  or  muriatic  add,  by  the  aid  of 
a  gentle  heat,  forms  a  permanent  solution  of 
cerssin.  Gum  tragacanth  is  the  best  ex- 
ample of  this  species  of  vegetable  product. 

CERATE.  The  compound  of  oil  or  lard 
with  bees*  wax,  used  by  surgeons  to  screen 
ulcerated  surfaces  from  the  air. 

CERIN.  A  peculiar  substance  which 
precipitates,  on  evaporation,  from  alcohol 
which  has  been  digested  on  grated  cork. 
Subercerin  would  have  been  a  fitter  name. 
Chevreul,  the  discoverer,  describes  this  sub- 
stance as  consisting  of  small  white  needles, 
which  sink  and  merely  soften  in  boiling  wa- 
ter.  1000  parts  of  boiling  alcohol  dissolve 
2.42  of  cerin,  and  only  2  of  wax.  Nitric 
acid  converts  it  into  oxalic  add.  It  is  inso- 
luble in  an  alcoholic  solution  of  potash. 

CERIN,  The  name  given  by  Dr  John 
to  the  part  of  common  wax  whidi  dissolves 
in  alcohol. 

CERIN.  A  variety  of  the  mineral  o/ZaniCff, 
lately  examined  by  Berzdius.  It  consists  of 
oxide  of  cerium  28.19,  oxide  of  iron  20.72, 
oxide  of  copper  0.87,  silica  30.17,  alumina 
11.31,  lime  9.12,  volatile  matter  0.40. 

CERITE.  The  silidferous  oxide  of 
cerium.  Hiis  rare  mineral  is  of  a  rose-red 
or  flesh-red  colour,  occasionally  tinged  with 
clove-brown.      Its  powder  is  reddish-grey. 
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It  is  found  massive  and  disseminated.  In- 
ternal lustre  resinous,  but  scarcely  glimmer- 
ing. Its  fracture  is  fine  splintery,  with  inde- 
termiimte  fragments.  It  is  opaque,  scratches 
glass,  gives  sparks  with  steel,  is  difficult  to 
break,  scarcely  yields  to  the  knife,  and  gives 
a  greyish-white  streak.  It  is  infusible  be- 
fore the  blowpipe;  but  heat  changes  the 
grey  colour  of  the  powder  to  yellow.  It 
consists,  by  Hisinger's  analysis,  of  18  silica, 
68.59  oxide  of  cerium,  2  oxide  of  iron,  1,25 
lime,  9.6  water  and  carbonic  acid,  and  0.56 
loss,  in  100  parts.  Klaproth  found  54.5 
'  oxide  of  cerium,  and  34.5  silica,  in  the  hun- 
dred parts.  It  is  found  only  in  the  copper 
mine  of  Bastnaes  near  Riddarhytta  in  Swe- 
den, accompanied  by  the  ores  of  copper, 
roolybdena,  and  bismuth.  Its  sp.  gr.  is  fh>m 
4.6  to  49. 

CERIUM.  The  metal  whose  oxide  ex- 
ists in  the  preceding  mineral. 

To  obtain  the  oxide  of  the  new  metal,  the 
cerite  is  calcined,  pulverized,  and  dissolved  in 
nitro-muriatic  add.  The  filtered  solution 
being  neutralized  with  pure  potash,  is  to  be 
precipitated  by  tartrate  of  potash ;  and  the 
Iirecipitate,  well  washed,  and  afterward  cal- 
cined, is  oxide  of  ceriuoL 

The  attempts  to  obtain  the  pure  metal,  by 
igniting  the  oxide,  purified  from  iron  by 
oxalic  acid,  in  contact  with  tartaric  acid,  oil, 
and  lamp-black,  have  in  a  great  measure 
fisiled ;  only  white  brittle  carburet  was  ob- 
tained. 

M.  Mosander,  however,  says  be  has  ob- 
tained cerium  by  decomposing  the  chloride 
by  the  vapour  of  potassium.  A  layer  of 
sulphuret  of  cerium  is  put  into  a  glass  tube, 
heated,  and  converted  into  a  fusible  white 
chloride  of  cerium,  by  passing  chlorine  over 
it  at  a  high  temperature.  Hie  volatile  mat- 
ters are  then  swept  away  by  a  current  of  hy- 
drogen applied  while  the  tube  is  heated,  and 
then  pieces  of  potassium  are  introduced ; 
and  the  tube  being  again  heated,  their  va- 
pours are  carried  over  the  chloride,  which  is 
reduced  more  or  less  completely  by  the  ope- 
ration. The  substance  obtained  is  to  be  ra- 
pidly washed  in  alcohol  of  sp.  gr.  0.85^  to 
remove  chloride  of  potassium,  then  pressed 
between  paper,  and  dried  in  vact»o»  It  is  a 
rose  or  chocolate-brown  powder,  containing 
more  or  less  oxide  resulting  from  the  action 
of  the  alcohoL  It  generally  resembles  sili- 
cium  in  appearance.  By  friction  it  acquires 
a  dull  lustre.  It  is  a  non-conductor  of  elec- 
tricity !  When  heated  in  the  air,  it  takes  fire 
long  before  the  temperature  has  risen  to  red- 
ness, and  bums  vividly  into  oxide;  heated 
with  chlorate  of  potash,  or  with  nitre,  it  deto- 
nates violently.    It  burns  vividly  in  chlorine. 

Hie  sulphuret  may  be  made^by  heating  1 
part  of  oxide  of  cerium,  and  3  parts  of  sul- 
phuret of  potash,  to  redness,  for  half  an  hour. 

Cerium  is  susceptible  of  two  stages  of  oxi- 


dation :  in  tiie  firvt  it  is  white,  and  this  by 
calcination  becomes  of  a  fallow-red. 

Hie  white  oxide  exposed  to  the  blowpipe 
soon  becomes  red,  but  does  not  melt,  or  even 
agglutinate.  With  a  large  proportion  of 
borax  it  fuses  into  a  transparent  globule. 

The  white  oxide  becomes  yellowish  in  the 
open  air,  but  never  so  red  as  by  calcination  ; 
because  it  absorbs  carbonic  acid,  which  pre- 
vents its  saturating  itself  with  oxygen,  and 
retains  a  portion  of  water,  which  diminishes 
its  colour. 

Alkalis  do  not  act  on  it ;  but  caustic  potash 
in  the  dry  way  takes  part  of  the  oxygen  from 
the  red  oxide,  so  as  to  convert  it  into  the 
white  without  altering  its  nature. 

The  protoxide  of  cerium  Is  composed  by 
Hisinger  of  85.17  metel  -f-  1483  oxygen, 
and  the  peroxide  of  79.3  metal  4.  dO.7.  The 
protoxide  has  been  supposed  a  binary  com- 
pound of  cerium  5.75  -j-  oxygen  1,  and  the 
peroxide  a  compound  of  5.75  X  2  of  cerium 
-|-  3  oxygen.  An  alloy  of  this  metal  with 
iron  was  obtained  by  Vauquelin. 

Hie  salts  of  cerium  are  white  or  yellow- 
coloured,  have  a  sweet  taste,  yield  a  white 
precipitate  with  hydrosulphuret  of  potash,  but 
none  with  sulphuretted  hydrogen ;  a  milk- 
white  predpiute,  soluble  in  nitric  and  mu- 
riatic  acids,  with  ferroprussiate  of  potash  and 
oxalate  of  ammonia ;  none  with  infusion  of 
galls,  and  a  white  one  with  arseniate  of  pot- 
ash. 

Equal  parts  of  sulphuric  acid  and  red  ox- 
ide^ with  four  parts  of  water,  unite  by  the  as- 
sistance of  heat  into  a  crystalline  mass;  which 
may  be  completely  dissolved  by  adding  more 
add,  and  heating  them  together  a  long  tima 
This  solution  yields,  by  gentle  evaporation, 
small  crystals,  some  of  an  orange,  others  of  a 
lemon  colour.  The  sulphate  of  cerium  is  so- 
luble in  water  only  vrith  an  excess  of  add. 
Its  taste  is  add  and  saccharine.  The  sulphu- 
ric add  combines  readily  with  the  white  ox- 
ide, particularly  in  the  state  of  carbonate. 
The  solution  has  a  saccharine  taste,  and  rea- 
dily affords  white  crystals. 

Nitric  add  does  not  readily  dissolve  the 
red  oxide  without  heat.  With  an  excess  of 
add,  white  deliquescent  crystals  are  formed, 
which  are  decomposable  by  heat.  Their 
taste  is  at  first  pungent,  afterward  very  su- 
gary. Hie  white  oxide  unites  more  rMdily 
with  the  add. 

Muriatic  add  dissolves  the  red  oxide  with 
effervescence.  Hie  solution  crystallizes  con- 
fusedly. The  salt  is  deliquescent,  soluble  in 
an  equal  weight  of  cold  water,  and  in  three 
or  four  times  its  weight  of  alcohol.  The 
flame  of  this  solution,  if  concentrated,  b  yel- 
low and  sparkling ;  if  not,  coloariess ;  but 
on  agitation  it  emits  white^  red,  and  purple 
spariu. 

Carbonic  acid  readily  unites  with  the  ox- 
ide.    Hus  is  best  done  by  adding  carbonate 
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of  polfih  to  dM  nitric  and  muriatic  solution 
of  the  white  ozide^  when  •  light  precipitate 
will  be  thrown  down,  which  on  drying  as- 
sumes a  shining  silvery  appearance,  and  con- 
8istoof23add-f.  66oude+  12  water. 

The  white  oxide  unites  directly  with  tar- 
taric add,  but  requires  an  excess  to  render  it 
soluble.     See  Salt. 

CERUMEN  of  the  ear.  It  is  a  yellow- 
coloured  secretion,  which  lines  the  external 
auditory  canal,  rendered  viscid  and  concrete 
by  exposure  to  air.  It  has  a  bitter  taste^ 
noelts  at  a  low  heat,  and  evolves  a  slightly 
aromatic  odour.  On  ignited  coals  it  gives 
out  a  white  smoke,  similar  to  that  of  burning 
ftt,  swells,  emits  a  fetid  ammoniacal  odour, 
and  is  converted  into  a  light  coaL  Alcohol 
dissolves  |  of  it,  and  on  evaporation  leaves  a 
substance  resembling  the  resin  of  bile.  The 
f-  which  remain  are  albumen  mixed  with  o3, 
which  by  incineration  leave  soda  and  phos- 
phate of  lime.  Hence,  the  whole  constitu- 
ents are  five ;  albumen,  an  inspissated  oil,  a 
colouring  matter,  soda,  and  calcareous  phoe- 
phaie. 

CERUSE,  or  WHITE  LEAD.  See 
Lead. 

CETINi^  The  name  given  by  Cbevreul 
to  spermaceti.  According  to  Berard,  who 
analysed  it  on  M.  Gay  Luasac's  plan,  by 
passing  its  vapour  through  ignited  peroxide 
of  copper,  ceiine  consists  of  81  carbon,  6  oxy- 
gen, and  13  hydrogen,  in  100  parts. 

CEYL ANITE.  This  mineral,  the  pleo- 
naste  of  Haiiy,  comes  from  Ceylon,  com- 
monly in  rounded  pieces,  but  occasionally  in 
crystals.  Tlie  primitive  form  of  its  crystals 
is  a  regular  octohedron,  in  which  form,  or 
with  the  edges  truncated,  it  frequently  occurs. 
Its  colour  is  indigo-blue,  passing  into  black, 
which  on  minute  inspection  appears  green- 
ish. It  has  a  rough  surface,  with  little  ex- 
ternal lustre,  but  splendent  internally.  Hie 
ftacture  is  perfect  flat  conclioidal,  with  very 
sharp-edged  fragments.  It  scarcely  scratches 
quarts,  and  is  softer  than  spincL  It  is  easily 
broken,  has  a  sp.  gr.  of  3.77,  and  is  infusible 
by  the  blowpipe. 

CHABASITE.  This  mineral  occurs  in 
crystals,  whose  primitive  form  is  nearly  a 
cube,  since  the  angle  at  the  summit  is  only 
93)-^.  It  is  found  in  that  form,  and  also 
wiUi  6  of  its  edges  truncated,  and  the  trun- 
catures  united  3  and  3  at  the  two  opposite 
angles,  while  the  other  six  angles  are  trun- 
cated. It  occurs  also  in  double  six-sided 
pyramids,  applied  base  to  base,  having  the 
six  angles  at  the  base,  and  the  three  acute 
edges  of  each  pyramid  truncated.  It  is  white, 
or  ¥rith  a  tinge  of  rose  colour,  and  sometimes 
transparent.  It  scratches  glass,  fuses  by  the 
blowpipe  into  a  white  spongy  mass,  and  has  a 
sp.  gr.  of  2.72.  Its  constituents  are  43.33  si- 
Ilea,  22.66  alumina,  a34  lime,  9.3'^  soda  and 
potash)  water  21*     It  is  found  in  scattered 


crystals  in  the  fissures  of  some  trap  rocks, 
and  in  the  hollows  of  certain  geodes  dissemi- 
nated in  the  same  rocks.  It  occurs  in  the 
quarry  of  Alteberg  near  Oberstein. 

CHALK.  A  very  common  speciesof  cal- 
careous earth,  of  an  opaque  white  oi^ur,  voy 
soft,  and  without  the  least  ^pearance  of  a 
polish  in  its  fracture.  Its  specific  gravity  is 
from  2.4  to  2.iS,  according  to  Kirwan.  It 
contains  a  little  siliceous  earth,  and  about  two 
per  cent  of  clay.  Some  specimens,  and  per- 
haps most,  contain  a  little  iron ;  and  Berg- 
mann  affirms  that  muriate  of  lime,  or  magne- 
sia, is  often  found  in  it ;  for  which  reason  he 
directs  the  powder  of  chalk  to  be  several  times 
boiled  in  distilled  vrater,  before  it  is  dissolved 
for  the  purpose  of  obtaining  pure  calcareous 
earth. 

CHALK  (BLACK).  Drawing  slate. 
Hie  colour  of  this  mineral  u  greyish  or 
bluish-black.  Massive.  Hie  principal  frac- 
ture is  glimmering  and  slaty,  the  cross  frso- 
ture  dull,  and  fine  earthy.  It  is  in  opaque 
-tabular  fragments^  stains  paper  black,  streak 
glistening,  and  the  same  colour  as  the  surface; 
easily  cut  and  broken ;  sp.  gr.  2.4 ;  becomes 
red  in  the  fire,  and  falls  to  pieces  in  water. 
It  occurs  in  primitive  mountains,  often  ac- 
companied by  alum  slate.  It  is  used  in  crayon 
drawing,  whence  its  name. 

CHALK  STONE&  Gouty  concretions, 
whose  true  nature  was  first  discovered  by  Dr 
WoUaston,  and  described  by  him  in  his  ad- 
mirable dissertation  on  urinary  calculi,  pub- 
lished in  the  FhiL  Trans,  for  1797.  See 
GocTY  Concretions. 

CHALK  (RED).  Hiis  is  a  clay,  co- 
loured by  the  oxide  of  iron,  of  which  it  con- 
tains from  16  to  18  parts  in  the  hundred,  ac- 
cording to  Rinman. 

CHALK  /SPANISH).  Tlie  soap  rock 
is  frequently  distinguished  by  this  name. 

CHALYBEATE.  Said  of  a  mineral 
vrater  impregnated  with  iron. 

CHAMELEON  MINERAL.  SeeCA- 

MJBLEOl^. 

CHARACTERS  (CHEMICAL).  The 
chemical  characters  were  invented  by  the 
earlier  chemists,  probably  with  no  other  view 
than  to  save  time  in  writing  the  names  of 
substances  that  frequently  occurred,  in  the 
same  manner  as  we  avoid  repetitions  by  the 
use  of  pronouns..  But  the  modems  seem  to 
have  considered  them  as  relics  of  alchemisti- 
cal  obscurity,  and  have  almost  totally  reject- 
ed their  use.  Very  little  of  system  appears 
in  the  ancient  characters  of  chemists :  the 
characters  of  Bergmann  are  clpefly  grounded 
on  the  ancient  characters,  with  additions  and 
improvements.  But  the  characters  of  Has- 
senfratz  and  Adet  are  systematical  through- 
out. For.rojTself,  I  r^^rd  tliem  merely  as 
the  means  of  mystifying  chemisU-y  in  the  eyes 
of  the  uninitiated,  and  tlierefore  unwortliy  of 
the  liberal  spirit  of  the  age  in  which  wc  live. 
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CHARCOAL.  Wben  Tcgetable  sub* 
stances  are  exposed  to  a  strong  heat  in  the 
apparatus  for  distillatioii,  the  fixed  residue  is 
called  charcoal.  For  general  purposes,  wood 
is  converted  into  charcoal  by  building  it  up 
in  a  pyramidal  form,  covering  the  pile  with 
clay  or  earth,  and  leaving  a  few  air-boles, 
which  are  closed  as  soon  as  the  mass  is  well 
lighted ;  and  by  tliis  means  the  combustion  is 
carried  on  in  an  imperfect  manner.  In  the 
forest  of  Benon,  near  Rochellfi,  great  attien** 
tion  is  paid  to  the  manufacture,  so  that  the 
charcoal  made  there  fetches  25  or  30  per  cent 
more  than  any  other.  Tlie  wood  is  that  of 
the  black  oak.  It  is  taken  from  ten  to  fifteen 
years  old,  the  trunk  as  well  as  the  branches, 
cut  into  billets  about  four  feet  long,  and  not 
split  llie  largest  pieces,  however,  seldom 
exceed  six  or  seven  inches  in  diameter,  llie 
end  that  rests  on  the  ground  is  cut  a  little 
sloping,  so  as  to  touch  it  merely  with  an  edge^ 
and  they  are  piled  nearly  upright,  but  never 
in  more  than  one  story.  The  wood  is  cover- 
ed all  over  about  four  inches  thick  with  dry 
grass  or  fern,  before  it  is  enclosed  in  the  usual 
manner  with  clay;  and  when  the  wood  is 
charred,  half  a  barrel  o{  vrater  is  thrown  over 
the  pile,  and  earth  to  the  thickness  of  five 
or  six  inches  is  thrown  on,  after  which  it  is 
left  four-and-twenty  hours  to  oool.  The 
wood  is  always  used  in  the  year  in  which  it 
is  cut 


In  charring  wood  it  has  been  cotgectufed. 
thai  a  portion  of  it  is  sometimes  converted 
into  a  pyrophorus,  and  that  the  explosions 
that  happen  in  powder-mills  are  sometimes 
ovring  to  this.  . 

Charcoal  is  made  on  the  great  scale,  by 
igniting  wood  in  iron  cylindors,  as  I  have 
descril^  under  Aao  (Acetic).  When  the 
resulting  charcoal  is  to  be  used  in  the  manu- 
facture of  gunpowder,  it  is  essential  that  the 
last  portion  of  vinegar  and  tar  lie  suffered  to 
escape,  and  that  the  reabsorption  of  the  crude 
vapours  be  prevented,  by  cutting  off  the  com- 
munication between  the  interior  of  the  cyliur 
ders  and  the  apparatus  for  condensing  the 
pyrolignous  acid,  whenever  the  fire  is  with- 
drawn from  the  furnace.  If  this  precaution 
be  not  observed,  the  gunpowder  made  with 
the  charcoal  would  be  of  inferior  quality. 

In  the  third  volume  of  Tilloch's  Magaxine 
we  have  some  valuable  facts  on  charcoal,  by 
Mr  Mnshet  He  justly  observes,  that  the 
produce  of  charcoal  in  the  small  way  differs 
from  that  on  the  large  scale,  in  which  tfa^ 
quantity  of  char  depends  more  upon  the  hard- 
ness and  compactness  of  the  texture  of  wood, 
and  the  skill  of  the  workmen  in  managii|g 
the  pyramid  of  faggots,  than  op  the  absolute 
quantity  of  carbon  it  contains.  The  follow^ 
ing  is  his  table  of  results,  reduced  to  100 
pcvts,  from  experiments  4m  one  pound  avoir- 
dupois of  wood. 


ParU  in  100. 

Volatlte 

Matter. 

CharooaL 

Ashes. 

Charooslby 
Proust         KumfonL 

Oak, 

76.895 

22.682 

0.423 

20 

43.00 

Ash, 

81.260 

17.972 

0.768 

17 

Birch, 

80.717 

17.491 

1.792 

Norway  Pine, 

80.441 

19.204 

0.355 

20 
Black  Ash. 

44.18 

Mahogany, 

7a528 

25.492 

0.980 

25 

Sycamore, 

79.20 

19.734 

1.066 

Willow. 

HoUy, 

7a92 

19.918 

1.162 

17 
Heartof  Oak. 

Scotch  Fine, 

8a095 

ia456 

0.449 

19 

Beech, 

79.104^ 

19.941 

0.955 

Elm, 

79.655 

19.574 

0.761 

43.27 

Walnut, 

7a521 

20.663 

0.816 

American  Maple, 

79.331 

19.901 

0.768 

Guaiacun. 

42.23 

Da      Black  Bm:h, 

77.512 

21.445 

1.033 

24 

Laburnum, 

74234 

24.586 

1.180 

Poplar. 

Lignum  Vitse, 

72.643 

26.857 

0.500 

43.57 

SaUow, 

80.371 

1&497 

1.132 

Lime. 

Chestnut, 

7^304 

23w280 

0.416 

43.59 

MM.  Clement  and  Desormes  say,  that  wood 
contains  one-half  its  weight  of  charcoal.  M. 
Proust  says,  that  good  pit^coals  afford  70,  75,^ 
or  80  per  cent  of  charcoal  or  coke;  fh>m 
which  only  two  or  three  parts  in  the  hundred 
of  ashes  remain  after  combustion.— Ti^^A'* 
Afag,  vol.  viii. 


Charcoal  is  black,  sonorous,  and  brittle,  and 
in  general  retains  the  figure  of  the  vegetable 
it  was  obtained  from.  If,  however,  the  vege- 
table consist  for  the  most  part  of  water  or 
other  fluids,  these  in  their  extrication  will  de- 
stroy the  connexion  of  the  more  fixed  parts. 
In  this  case  the  quantity  of  charcoal  is  much 
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CHENOPODIUM  OLIDUM. 


Ins  than  in  the  fonner.  The  diareoal  of 
oilj  or  bituminous  substances  is  of  a  light 
jiulverulent  form,  and  rises  in  soot  This 
dutfcoal  of  oils  is  called  lamp-black.  A  irerj 
fine  kind  is  obtained  from  burning  aloohoL 

Turf  or  peat  has  been  charred  lately  in 
France,  it  is  said  hy  a  pecuUar  process,  and, 
according  to  the  account  given  in  Sonnini*s 
Journal,  is  superior  to  wood  for  this  purpose. 
Charcoal  of  turf  kindles  slower  than  tfaiat  of 
wood,  but  emits  more  flame,  and  bums  lon- 
ger. In  a  goldsmith's  furnace  it  fused  eleven 
ounces  of  gold  in  eight  minutes,  while  wood 
charcoal  required  sixteen.  The  malleflbilitj 
of  the  gold,  too,  was  preserved  in  the  former 
instance^  but  not  in  the  latter.  Iron  heated 
ted-hot  by  it  in  a  forge,  was  rendered  more 
malleaMe. 

From  the  scarcity  of  wood  in  this  country, 
pit-coal  charred  is  much  used  instead  of  char- 
coal, by  the  name  of  coke.     See  Carbon. 

CHAY,  or  CHAYA-ROOT.  This  is 
the  root  of  the  (Mdeniandia  umbelUtta,  which 
grows  wild  on  the  coast  of  Coromandel,  and 
is  likewise  cultivated  there  for  the  use  of  the 
dyers  and  calico-printers.  It  is  used  for  the 
same  purposes  as  madder  with  us,  to  which  it 
is  said  to  be  for  superior,  giving  the  beautiful 
red  so  much  admired  in  the  Madras  cottons. 
CHEESE.  Milk  consists  of  butter,  cheese, 
a  saccharine  matter  called  sugar  of  milk,  and 
a  small  quantity  of  common  salt,  together 
with  much  water. 

If  any  vegetable  or  mineral  acid  be  mixed 
with  milk,  the  cheese  separates,  and,  if  as- 
sisted by  heat,  coagulates  into  a  mass.  The 
quantity  of  cheese  is  less  when  a  mineral  add 
is  used.  Neutral  salts,  and  likewise  all  ear- 
thy and  metallic  salts,  separate  the  cheese  from 
the  whey.  Sugar  and  gum-arabic  produce 
the  same  effect.  Caustic  alkalis  will  dissolve 
the  curd  by  the  assistance  of  a  twiling  beat, 
and  acids  occasion  a  precipitation  again.  Ve- 
getable adds  have  very  little  solvent  power 
upon  curd.  Hiis  accounts  for  a  greater  quan- 
tity of  curd  bdng  obtained  when  a  vegetable 
add  is  used.  But  what  answers  best  is  ren- 
net, which  is  made  by  macerating  in  water  a 
piece  of  the  last  stomach  of  a  calf,  salted  and 
dried  for  this  purpose. 

.  Scheele  observed,  that  cheese  has  a  oon- 
nderable  analogy  to  albumen,  which  it  re- 
sembles in  bdng  coagulable  by  lire  and  adds, 
soluble  in  ammonia,  and  affording  the  same 
products  by  distillation  or  treatment  with  ni- 
tric add.  There  are,  however,  certain  dif- 
ferences between  them.  Rouelle  observed 
likewise  a  striking  analogy  between  cheese 
and  the  gluten  of  wheat,  and  that  found  in 
the  feculae  of  green  vegetables.  By  knead- 
ing the  gluten  of  wheat  witli  a  little  salt  and  a 
small  portion  of  a  solution  of  starch,  he  gave 
it  the  taste,  smell,  and  unctuosity  of  cheese ; 
so  that  after  it  had  been  kept  a  certain  time, 
H  was  not  to  be  distinguished  from  the  cele- 


brated B4M:hefort  cheese,  of  which  it  had  all 
the  pungency.  This  caseous  substance  fhxn 
gluten,  as  well  as  the  cheese  of  milk,  appean 
to  contain  acetate  of  ammonia,  after  it  has 
been  kept  long  enough  to  have  undergone 
the  requisite  fermentation ;  as  may  be  proved 
by  examining  it  with  sulphuric  add  and  with 
potash.  The  pungency  of  strong  cheese,  too, 
is  destroyed  by  alcohol. 

In  the  1 1th  volume  of  T!lloch*s  Magazine 
there  is  an  excellent  account  of  the  mode  of 
making  Cheshire  cheese^  taken  from  the  Agu 
ricultural  Report  of  the  county.  *<  If  the 
milk,**  says  the  reporter,  «  be  set  together 
very  warm,  the  curd,  as  before  observed,  will 
be  firm :  in  this  case,  the  usual  mode  is  to 
take  a  common  case-knife,  and  make  incisions 
across  it,  to  the  full  depth  of  the  knife's  blade, 
at  the  distance  of  about  one  inch ;  and  again 
crossways  in  the  same  manner,  the  indsions 
intersecting  each  other  at  right  angles.  The  ' 
whey  rising  through  these  incisions  b  of  a 
fine  pale  green  colour.  The  cheese-maker 
and  two  assistants  then  proceed  to  break  the 
curd:  this  is  performed  by  thdr  repeatedly 
potting  thdr  hands  down  into  the  tub ;  the 
cheese-makers,  with  the  skimming.di8h  in  one 
hand,  breaking  every  part  of  it  as  they  catch 
it,  raising  the  curd  from  the  bottom,  and  still 
breaking  it.  This  part  of  the  business  is  con- 
tinued till  the  whole  is  broken  uniformly 
small ;  it  generally  takes  up  about  40  minutes, 
and  the  curd  is  then  left  covered  over  with  a 
cloth  for  about  half  an  hour  to  subside.  If 
the  milk  has  been  set  cool  together,  the  curd, 
as  before  mentioned,  will  be  much  more  ten- 
der,  the  whey  will  not  be  so  green,  but  rather 
of  a  milky  appearance." 

CHEMISTRY  may  be  defined  the  science 
which  investigates  the  composition  of  material 
substances,  and  the  permanent  changes  of 
constitution  which  thdr  mutual  actions  pro- 
duce. 

CHENOPODIUM  OLIDUM.  A  plant 
remarkable,  according  to  MM.  Chevalier  and 
Lassdgne,  for  contuning  uncombined  am- 
monia, which  is  probably  the  vehicle  of  the 
remarkable  nauseous  odour  which  it  exhales, 
strongly  resembling  that  of  putrid  fish.  When 
the  plant  is  bruised  with  water,  and  the  liquor 
expressed  and  afterwards  distilled,  we  procure 
a  fluid  which  contains  the  subcarbonate  of 
ammonia,  and  an  oily  matter,  which  gives  the 
fluid  a  milky  appearance.  If  tha  expressed 
juice  of  the  chenopodium  be  evaporated  to  the 
consistence  of  an  extract,  it  is  found  to  be  al- 
kaline ;  there  seems  to  be  acetic  add  in  it.  Its 
basis  is  said  to  be  of  an  albuminous  nature. 
It  is  stated  also  to  contain  a  small  quantity 
of  the  substance  which  the  French  call  osm*. 
some^  a  little  of  an  aromatic  resin,  and  a  bit- 
ter matter,  soluble  both  in  alcohol  and  water, 
as  well  as  several  saline  bodies.  The  follow, 
ing  is  stated  as  the  result  of  their  analysis, 
which,  however,  seems  somewhat  complex :«— 
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1.  Subcarbooate  of  ammoouu    2.  Albumen.  CHLORIC  ACID.     See  Acu>  (Chlo- 

3,  Osmazome.     4l  An  aromatic  resin.     5.  Bic). 

A  bitur  matter.     &  Nitrate  of  potash  in  CHLORIDE  OF  CYANOGEN.     See 

lai^e  quantity.     7.  Acetate  and  phosphate  AciJ)  (Chlobocyanic). 

of  potash.     8.  Tartrate  of  potash.    It  is  said  CHLORIDES.    Compounds  of  clilorine 

tliat  100  parts  of  the  dried  plant  produce  18  with  different  bodies.     See  Culobinb,  and 

of  ashes,  of  which  5^  are  potash.  the  respective  substances. 

CHERT.     See  Ho&MSTONE.  CHLORINE.     Hie  intnxluction  of  this 

CHI  ASTOLITE.     A  mineral  cfystaU  term  marks  an  era  in  chemical  science.     I( 

liied  in  four-sided  nearly  rectangular  prisms,  originated  from  the  masterly  researches  of 

On  looking  into  the  end  of  the  prism,  we  Sir  H.  Davy  on  the  oxymuriatic  add  gas  of 

perceive  in  the  axis  of  it  a  blackuh  prism,  the  French  school :  a  substance  which,  after 

surrounded  by  the  other,  which  is  of  a  grey-  resisting  the  most  powerful  means  of  decom^ 

isb,  yellowish,  or  reddisb-wbite  colour.  From  position  which  his  sagacity  could  invent  or 

each  angle  of  the  interior  prism,  a  blackish  his  ingenuity  apply,  be  declared  to  be^  ac- 

line  extends  to  the  corresponding  angle  of  cording  to  the  true  logic  of  chemistry,  an 

the  exterior.     In  each  of  these  outer  angles  elementary  body,  and  not  a  compound  of 

there  is  usually  a  small  rhomboidal  space,  muriatic  add  and  oxygen,  as  was  previously, 

iUled  with  the  same  dark  substance  which  imagined,  and  as  its  name  seemed  to  denote, 

composes  the  central  prism.    The  black  mat^  He  accordingly  assigned  to  it  the  term  cblo- 

ter  is  the  same  clay-slate  with  the. rock  in  rine^  descriptive  of  its  colour;  a  name  now 

which  the  chiastolite  is  imbedded.     Fracture,  generally  used.      The  chloridic  theory  of 

foliated  with  double  cleavage.    Translucent,  combustion,  though  more  limited  in  its  ap- 

Scratches  glass.     Rubbed  on  sealing-wax  it  plications  to  the  chemical  phenomena  of  na- 

imparts  negative  electridty.     Its  sp.  gr.  is  ture  than   the  antiphlogistic  of  Lavoisier* 

2.94f«.     Before  the  blowpipe  it  is  convertible  may  justly  be  regarded  as  of  equal  impcv- 

into  a  whitish  enamel.     The  only  mineral  tance  to  the  advancement  of  the  science  it- 

with  which  chiastolite  or  made  can  be  con-  sdf. 

founded,  were  it  not  crystallized,  is  steatite  ;  Sir  H.  Davy  subjected  oxymuriatic  gas  to 

but  the  latter  communicates  positive  electri-  the  action  of  many  simple  combustibles^  as 

dty  to  sealing-wax.     It  1ms  been  found  in  well  as  metals,  and,  from  the  compounds. 

Britanny,  in  the  Pyrenees,  in  the  valley  of  formed,  endeavoured  to  eliminate  oxygen,  by 

Barege,  and  in  Galicia  in  Spain,  near  Sc  the  most  energetic  powers  of  affinity  and  voU 

James  of  Compostella.    The  interior  of  black  taic  dectridty,  but  without  success^  as  the 

crystal  is  properly  an  elongated  four-sided  following  abstract  will  show, 

pyramid.  If  oxymuriatic  acid  gas  be  introduced  into 

CHILDRENITE.    A  mineral  substance  a  vessel  exhausted  of  air,  containing  tin,  and 

met  with  in  Devonshire,  supposed  at  first  to  the  tin  be  gently  heated,  and  the  gas  in  suf- 

be  carbonate  of  iron,  but  shown  by  Dr  Wol-  iident  quantity,  the  tin  and  the  gas  disappear, 

laston  to  be  a  phosphate  of  alumina  and  iron,  and  a  limpid  fluid,  predsely  the  same  as  Li- 

The  crystals  scratch  gkss ;  colour  wine-yel-  bavius*s  liquor,  is  formed  :   If  this  substance 

low ;   occur  in   the  surface  of  crystallized  is  a  combination  of  muriatic  add  and  oxide 

quaru,  and  might  be  mistaken  for  sulphate  of  tin,  oxide  of  tin  ought  to  be  separated  from 

of  baryta.— Jdfr  Brooke,  in  AnnaU  of  PhU.  it  by  means  of  ammonia.     He  admitted  am- 

viL  316.  moniacal  gas  over  mercury  to  a  small  quan- 

CHINOIDIA.      A  third  vegeto-alkali,  tity  of  the  liquor  of  Ubavius :  it  was  absorb- 

obtained  from  cinchona,   by  Dr  Sertiirner.  ed  witli  great  heat,  and  no  gas  was  generated ; 

In  reexamining  the  products  obtained  by  a  solid  result  was  obtained,  which  was  of  a 

chemical  means  from  the  dnchonas,  he  finds  duU  white  colour.     Some  of  it  was  heated,  to 

that  the  predpitates  produced  by  alkalis,  from  ascertain  if  it  contained  oxide  of  tin ;  but  the 

tlieaddulated  infusions  ofthedncbona  barks,  whole  volatilized,  produdng  dense  pungent 

besides  cinchonia  and  guinia,  contain  other  fumes. 

vegeto-alkalis,  which  are  to  be  considered  .   Another  experiment  of  the  same  kind, 

modifications  of  the  former,     llie  chinoidia  made  with  great  care,  and  in  whicJi  the  am- 

exists,  in  the  alkaline  predpitate,  in  intimate  monia  was  used  in  great  excess,  proved  that 

combiiuuion  with  a  resinous  sub-acid  sub*  the  liquor  of  Libavius  cannot  be  decom- 

Btance,  which,  though  not  injurious,  is  of  no  pounded  by  ammonia ;  but  that  it  forms  a 

advantage.     According  to  Sertiirner,  chinoi-  new  combination  with  this  substance, 

dia  is  as  superior  to  guinia  and  cinchonia,  as  He  made  a  considerable  quantity  of  the 

these  are  to  ordinary  bark  in  febrifuge  power,  solid   compound  of  oxymuriatic   add  and 

No  intdligible  process  has  been  prescribed  phosphorus  by  combustion,  and  saturated  it 

for  obtaining  this  predous  substance.  with  ammonia,  by  heating  it  in  a  proper  rew 

CHLORATESb     Compounds  of  chloric  ceiver  filled  with  ammoniacal  gas,  on  which 

acid  with   tlie  salifiable   bases.     See  Acm  it  acted  with  great  energy,  produdng  much 

(Chix>ric).  heat ;  and  they  formed  a  White  opaque  pow- 
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der.    Supposing  that  this  substance  was  com-  He  caused  strong  explosions  frdm-  an  elec* 

pmed  of  the  dry  muriates  and  phosphates  of  trical  jar  to  pass  through  oxymuriatic  gas,  by 

ammonia  ;  as  muriate  of  ammonia  is  very  means  of  points  of  platina,  for  several  hours 

volatile,  and  as  ammonia  is  driven  off  from  in  succession  ;  but  it  seemed  not  to  undergo 

phosphoric  add  by  a  heat  below  redness,  he  the  slightest  change. 

conceived,  that,  by  igniting  the  product  ob-  He  electrised  the  oxymuriates  of  phospho- 

tuned,  he  should  i»ocuie  phosphoric  acid :  nis  and  sulphur  for  some  houre,  by  the  power 

he  therefore  introduced  some  of  the  powder  of  the  voltaic  apparatus  of  1000  double 

into  a  tube  of  green  glass,  and  heated  it  to  plated      No  gas  separated,  but  a  minute 

redness,  out  of  the  contact  of  air,  by  a  spirit  quantity  of  hydrogen,  which  he  was  inclined 

lamp ;  but  found  to  his  great  surprise,  that  to  attribute  to  the  presence  of  moisture  in 

it  was  not  at  all  volatile,  nor  decomposable  tbe  apparatus  employed ;   for  he  once  6b. 

at  this  degree  of  heat,  and  that  it  gave  off  no  tained  hydrogen  from  Libavius*s  liquor  by  a 

gaseous  matter.  similar  operation.     But  he  ascertained  that 

The  circumstance,  that  a  substance  com-  this  was  owing  to  the  decomposition  of  water 

poaed  principally  of  oxymuriatic  add  and  adhering  to  the  mercury :  and  in  some  late 

ammonia,    should  resist   decomposition  or  experiments  made  with  2000  double  plates, 

dumge  at  so  high  a  temperature,  induced  in  which   the  discharge  was  from  pUtina 

litm  to  pay  particular  attention  to  the  pro-  wires,  and  in  which  the  mercury  used  for 

perties  of  this  new  body.  confining  the  liquor  was  carefully  boiled. 

It  has  been  said,  and  taken  for  granted  by  there  was  no  production  of  any  permanent 

many  chemists,  that  when  oxymuriatic  add  elastic  matter. 

and  ammonia  act  upon  eadi  odier,  water  is  Few  substances,  perhaps,  have  less  claim 

formed :  he  several  times  made  the  experi-  to  be  considered  as  add  than  oxymuriatic 

ment,  and  was  convinced  that  this  is  not  the  •'^     As  yet  we  have  no  right  to  say  tiiat  it 

C9ae,  ^*^  been  decompounded ;  and  as  its  tendency 

He  mixed  together  sulphuretted  hydrogen  of  combination  is  with  pure  inflammable  mat- 

in  a  high  degree  of  purity,  and  oxymuriatic  ters,  it  may  possibly  belong  to  tiie  same  cUsa 

add  gas,  botii  dried,  in  eqyal  volumes.     In  of  bodies  as  oxygen. 

this  instance  die  condensation  was  not  A :  5^?/  ^".'**  '"  f*^  ^  tipecuHar  addifying 

sulphur,  which  seemed  lo  contain  a  little  oxy-  "^l^T?  P"?^P^  ^^""i"**  compounds 

muriatic  add,  was  formed  on  the  sides  of  the  ^^  combustible  bodies,  analogous  to  acids 

vessel ;  no  vapour  was  deposited,  and  Uie  red-  containmg  oxyg^  or  oxide,  m  their  proper- 

,         '             .     J   .      .  I  o    i*        •  .•       'J  ties  and  powers  of  combination,  but  dmenng 

dual  gas  contained  about  ,§  of  muriatic  and  ^^  ^^  .^  ^^^  ^^  ^^  ^^^  ^^  ^^^^ 

gas,  and  tiie  remainder  was  inflammable.  poatible  by  water?  On  tiiis  idea,  muriatic 
When  oxymunatic  acid  is  acted  upon  by  ^^^  ^^y  ^e  considered  as  having  hydrogen 
nearly  an  equal  volume  of  hydrogen,  a  com-  ^^  5^,  ^^^  ^^^  oxymuriatic  add  for  its  aci- 
bination  takes  place  between  Uiem,  and  mu^  jyyj^  prindple ;  and  tiie  phosphoric  subli- 
riatic  aad  gas  results.  When  munaUc  acid  „j^  ^  having  phosphorus  for  its  basis,  and 
gas  18  acted  on  by  mercury,  or  any  other  oxymuriatic  add  for  its  addifying  matter ; 
metal,  the  oxymunatic  aad  is  attracted  from  ^^  Libarius's  Uquor,  and  the  compounds 
the  hydrogen  by  tiie  stronger  affinity  of  Uie  ^  ^^^^  ^^  oxymuriatic  add,  may  be  re- 
metd,  and  an  oxymunate,  exactly  similar  to  j^  „  analogous  bodies.  The  combina- 
that  formed  by  combustion,  is  produced.  ^^^  ^  oxymuriatic  acid  with  lead,  silver. 
The  actton  of  water  upon  tiiose  compounds  ^oercury,  potassium,  and  sodium,  in  this 
which  have  been  usually  considered  as  mu-  ^^;  ^^,„,j  ^e  considered  as  a  class  of  bo- 
nates,  or  M  dry  munates,  but  which  are  pro-  jj^  ^^^^  „,^  ^  ^^^^^  ^^^  ^-^^  j„ 

perly  combinations  of  oxymunatic  acid  with  ^^      ^^  ^f  attmction— l?a/fr.  Lee.  1809. 
inflammable  bases,  may  be  easily  explained, 

according  to  tiiese  views  of   Uie  subject.  ^  ^^  CanUnnaU'on  tf  the  Common  Metal$ 

When  water  is  added  in  certain  quantities  to  ^^  q          ^^  OxymuruUic  Gat. 
Libavius  s  liquor,  a  solid  crystallized  mass  is 

obtained,  from  which  oxide  of  tin  and  mu-  ^  jj.  used  in  all  cases  small  retorts  of 

nate  of  ammonia  can  be  procured  by  ammo-  ,^  containing  from  tiiree  to  six  cu- 

ma.     tn  this  case,  oxygen  may  be  conceived  bical  inches,  furnished  witii  stopcocks.     TTie 

to  be  supplied  to  the  un,  and  hydrogen  to  „^„.^  substances  were  introduced,  tiie  re- 

the  oxymunatic  acid.  ^^  exhausted  and  filled  witii  tiie  gas  to  be 

The  compound  formed  by  buniing  phos.  ^^             ^^  ^^       „^  j,    ^^^^  ^^  ^ 

phorus  in  oxymunatic  acid,  is  in  a  similar  j^j  ,           ^„j^  ^^^  ^U        ^^^  ^^^^^ 

relauon  to  water.    If  that  substance  be  added  ^^  examined,  and  tiie  residual  gas  ana. 

to  It,  it  IS  resolved  into  two  powerful  aads ;  jy^^ 

oxygen,  it  may  be  supposed,  is  funiished  to  ^^  ^^  „^,.  ^^  ^  ^^  ^          ^, 

Uie  phosphorus  lo  form  phosphonc  aad,  hy-  ,^^  „j^,^^,^  ^^^^^  ^^      ,j  ^^^^  ^^^^ 

drogen  to  die  oxymunatic  acid  to  form  com-  ^^^^  j„  ^^  oxymuriatic  ^s  and  die  volatile 

mon  munatic  acid  gas.  *          i 
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metals  with  flame.  Araenic,  antimon  j,  tellu- 
riam,  and  zinc,  with  a  white  flame,  mercury 
with  a  red  flame.'  Tin  became  ignited  to 
whiteness,  and  iron  and  copper  to  redness ; 
tungsten  and  manganese  to  dull  redness; 
platina  was  scarcely  acted  upon  at  the  heat 
of  fusion  of  the  glass. 

The  product  frcxn  mercury  was  corrosiTe 
sublimate.  That  from  sine  was  similar  in 
colour  to  that  from  antimony,  but  was  much 
less  volatile. 

SiWer  and  lead  produced  hom-siWer  and 
horn-lead ;  and  bismuth,  butter  of  bismuth. 

In  acting  upon  metallic  oxides  by  oxymu- 
riatic  gas,  he  found  that  those  of  lead,  silver, 
tin,  copper,  antimony,  bismuth,  and  tellu- 
rium, were  decomposed  in  a  heat  below  red- 
ness, but  the  oxides  of  the  volatite  metals 
more  readily  than  those  of  the  fixed  ones. 
The  oxides  of  cobalt  and  nickel  were  scarcely 
acted  upon  'at  a  dull  red  beat.  The  red 
oxide  of  iron  was  not  affected  at  a  strong 
red  heat,  whilst  the  black  oxide  was  readily 
decomposed  at  a  much  lower  temperature. 
Arsenical  acid  underwent  no  change  at  the 
grea^t  heat  that  could  be  given  it  in  the 
glass  retort,  whilst  the  white  oxide  readily 
decomposed. 

In  cases  where  oxygen  was  ^ven  off,  it 
was  found  exactly  the  same  in  quantity  as 
that  which  had  been  absorbed  by  the  metal. 
Thus  two  grains  of  red  oxide  of  mercury 
absorbed  -jS^  of  a  cubical  inch  of  oxymuriatic 
gas,  and  afforded  0.45  of  oxygen.  Two 
grains  of  dark  olive  oxide  from  calomel  de- 
composed by  potash,  absorbed  about  -^^ 
of  oxymuriatic  gas,  and  afforded  7^^   of 

oxygen,  and  corrosive  sublimate  was  produc- 
ed in  both  cases. 

In  the  decomposition  of  the  white  oxide 
of  zinc,  oxygen  was  expelled  exactly  equal 
to  half  the  volume  of  the  oxymuriatic  add 
absorbed.  In  the  case  of  the  decomposition 
of  the  black  oxide  of  iron,  and  the  white 
oxide  of  arsenic,  the  changes  that  occurred 
were  of  a  very  beautiful  kind ;  no  oxygen 
was  given  off  in  either  case,  but  butter  of 
arsenic  and  arsenical  acid  formed  in  one 
instance,  and  the  ferruginous  sublimate  and 
red  oxide  of  iron  in  the  other. 

General  Cohchuions  and  ObtervationSt 
iUuUrated  bjf  Exjferimenit* 

Oxymuriatic  gas  combines  with  inflamma- 
ble bodies,  to  form  simple  binary  compounds ; 
and  in  these  cases,  when  it  acts  upon  oxides, 
it  either  produces  the  expulsion  of  their  oxy- 
gen, or  causes  it  to  enter  into  new  combina- 
tions. 

If  it  be  said  that  the  oxygen  arises  from 
tlie  decomposition  of  the  oxymuriatic  gas,  and 
not  from  the  oxides,  it  may  be  askttl,  why 
it  is  always  the  quantity  contained  in  the 


oxide?  and  why  in  some  cases,  as  those  of 
the  peroxides  of  potassium  and  sodium,  it 
bears  no  reUuion  to  the  quantity  of  gas? 

If  there  existed  any  acid  matter  in  oxy- 
muriatic gas  combined  with  oxygen,  it  ought 
■to  be  exhibited  in  the  fluid  compound  of  one 
proportion  of  phosphorus  and  two  of  oxy- 
muriatic gas ;  for  this,  on  such  an  assump- 
tion, should  consist  of  muriatic  add  (on  the 
old  hypothesis,  free  from  water)  and  phos- 
phorous add ;  but  this  substance  has  no  e^ct 
on  litmus  paper,  and  does  not  act  under  com- 
mon  drcumstances  on  fixed  alkaline  bases, 
such  as  dry  lime  or  magnesia.  Oxymuriatic 
gas,  like  oxygen,  must  be  combined  in  large 
quantity  with  peculiar  inflammable  nutter, 
to  form  acid  matter.  In  its  union  with 
hydrogen,  it  instantly  reddens  the  driest  lit- 
mus paper,  though  a  gaseous  body.  Con- 
trary to  adds,  it  expels  oxygen  from  prot- 
oxides, and  combines  with  peroxides. 

When  potassium  is  burnt  in  oxymuriatic 
gas,  a  dry  compound  is  obtained.  If  potas- 
sium combined  with  oxygen  is  employed,  the 
whole  of  the  oxygen  is  expelled,  and  the 
same  compound  formed.  It  is  contrary  to 
sound  logic  to  say,  that  this  exact  quantity  of 
oxygen  is  given  off  from  a  body  not  known 
to  be  compound,  when  we  are  certain  of  its 
existence  in  another ;  and  all  the  cases  are 
parallel. 

Scheele  explained  the  bleaching  powers  of 
the  oxymuriatic  gas,  by  supposing  that  it  des- 
troyed  colours  by  combining  with  phlogiston. 
Berthollet  considered  it  as  acting  by  supply- 
ing oxygen.  He  made  an  experiment,  which 
seems  to  prove  that  the  pure  gas  is  incapable 
of  altering  vegetable  colours,  and  that  its 
operation  in  bleaching  depends  entirely  upon 
its  property  of  decomposing  water,  and  L'be- 
rating  its  oxygen. 

He  filled  a  glass  globe,  containing  dry 
powdered  muriate  of  lime,  with  oxymuriatic 
gas.  He  introduced  some  dry  paper  tinged 
with  litmus  that  had  been  just  heated,  into 
another  globe  containing  dry  muriate  of  lime : 
after  some  time  this  globe  was  exhausted,  and 
then  connected  with  the  globe  containing  the 
oxymuriatic  gas,  and,  by  an  appropriate  set 
of  stopcocks,  the  paper  was  exposed  to  the 
action  of  the  gas.  No  change  of  colour  took 
place,  and  after  two  days  there  was  scarcdy 
a  perceptible  alteration. 

Some  similar  paper  dried,  introduced  into 
gas  that  had  not  Ixeen  exprned  to  muriate  of 
lime,  was  instantly  rendered  white. 

It  is  generally  stated  in  chemical  books, 
that  oxymuriatic  gas  is  capable  of  bdng  con- 
densed and  crystallized  at  a  low  temperature. 
He  found  by  several  experiments  that  this  is 
not  the  case,  llie  solution  of  oxymuriatic 
gas  in  water  freezes  more  readily  than  pure 
water,  but  the  pure  gas  dried  by  mtiriate  of 
lime  undergoes  no  change  whatever  at  a 
temperature  of  40  lielow  0^  of  Fahrenheit. 


CHLORINE.  321  CHLORINE. 

Hie  mistake  seems  to  have  aris^  from  the         This  gas,  as  we  have  already  remarked,  is 

exposure  of  the  gas  to  cold  in  bottles  con^  of  a  greenish-yellow  colour,  easily  recognised 

taining  moisture.  by  daylight,  but  scarcely  distinguishable  by 

He  attempted  to  decompose  boradc  and  that  of  candles.    Its  odour  and  taste  are  dis-; 

phosphoric  acids  by  oxymuriatic  gas,   but  agreeable^  strong,  and  so  characteristic,  that 

without  success ;  from  which  it  seems  pro-  it  is  impossible  to  mistake  it  for  any  other 

bable,  that  the  attractions  of  boracium  and  gas.     When  we  breathe  it,  even  much  dilut- 

phosphonis  for  oxygen  are  stronger  than  for  *ed  with  air,  it  occasions  a  sense  of  strangula- 

oxymuriatic  gas.    And  from  the  experiments  tion,  constriction  of  the  thorax,  and  a  copious 

aljready  detailed,  iron  and  arsenic  are  analo-  discharge  from  the  nostrils.     If  respired  in 

gous  in  this  respect,  and  probably  some  other  laiger  quantity,  it  excites  violent  coughing, 

metals.  with  spitting  of  blood,  and  would  speedily 

Potassium,  sodium,  calcium,  strontium,,  destroy  the  individual,  amid  violent  distress, 
barium,  sine,  mercury,  tin,  lead,  aod  pro-  Its  specific  gravity  is  2.5.  This  is  better 
bably  silver,  antimony,  and  gold,  seem  to  inferred  from  the  specific  gravities  of  hydro- 
have  a  stronger  attraction  for  oxymuriatic  gen  and  muriatic  add  gases,  than  from  the 
gas  than  for  oxygen.  direct  weight  of  chlorine,  from  the  impossi- 

*'  To  call  a  body  which  is  not  known  to  bility  of  confining  it  over  mercury.     One 

contain  oxygen,  and  which  cannot  contain  volume  of  hydrogen,  added  to  one  of  chlorine, 

muriatic  acid,  oxymuriatic  acid,  is  contrary  form  two  of  the  acid  gas.     Hence,  if  from 

to  the  principles  of  that  nomenclature  in  twice  the  specific  gravity  of  muriatic  gas 

which  it  is  adopted;  and  an  alteration  of  it  *ss  2.5694),  we  subtract  that  of  hydn^n 

seems  necessary  to  assist  the  progress  of  dis-  ^  Q.0694*,  the  difference  2.5  is  the  specific 

cttssion,  and  to  diffuse  just  ideas  on  the  sub-  gravity  of  dilorine.     100  cubic  inches  at 

ject.    If  the  great  discoverer  of  this  substance  mean  pressure  and  temperature  weigh  75^ 

had  signified  it  by  any  simple  name^  it  would  grains.     See  Gas. 

have  been  proper  to  have  recurred  to  it ;  but  Sir  H.  Davy  having  suggested  {PhU.  TVanj. 
dephlogisticated  marine  acid  is  a  term  which  1823)  to  Mr  Faraday  to  expose  the  crystal- 
can  hardly  be  adopted  in  the  present  advanc-  line  hydrate  of  chlorine  (see  infra)  to  heat 
ed  era  of  the  science.  under  pressure^  the  following  experiments 

**  After  consulting  some  of  the  most  emi-  were  commenced  at  his  request.     Some  by- 

nent  chemical  philosophers  in  this  country,  drate  of  chlorine,  dried  by  pressure  on  bibu- 

it  has  been  judged  most  proper  to  suggest  a  lous  paper,  was  introduced  into  a  sealed  glass 

name  founded  upon  one  of  its  obvious  and  tube,  the  upper  end  of  which  was  then  her- 

charscteristic  properties— its  colour,  and  to  metically  dosed.     Bdng  placed  in  water  at 

call  it  chlorine  or  chloric  gas.  60°  no  change  was  percdved ;  but  when  put 

"  Should  it  hereafter  be  discovered  to  be  into  water  at  100°,  the  hydrate  fused,  the 

compound,  and  even  to  contain  oxygen,  this  tube  became  filled  with  a  bright  yellow  at- 

name  can  imply  no  error,  and  cannot  neoes-  mosphere,  and  on  examination  it  was  found 

sarily  require  a  change.  to  contain  two  fluid  substances :  the  one, 

**  Most  of  tlie  salts  which  have  been  called  about  three-fourths  of  the  whole,  was  of  a 

muriates,  are  not  known  to  contain  any  mu-  faint  yellow  colour,  having  very  much  the 

riatic  add,  or  any  oxygen.    Thus  Libavii|s*s  appearance  of  water ;  the  remdning  fourth 

liquor,  though  cpnverted  into  a  muriate  by  was  a  heavy  bright  ydlow  fluid,  lying  at  the 

water,  contdns  only  tin  and  oxymuriatic  gas,  bottom  of  the  former,  without  any  apparent ' 

and  bom-silver  seems  incapable  of  bdng  tendency  to  mix  with  it.     As  the  tube  cool- 

converted  into  a  true  muriate."—- Ba^.  Lec»  ed,  the  ydlow  atmosphere  condensed  into 

J811.  more  of  the  yellow  fluid,  which  floated  in  a 

We  sbdl  now  exhibit  a  summary  view  of  film  on  the  pale  fluid,   looking  very  like 

flie  preparation  and  properties  of  chlorine.  chloride  of  nitrogen.     He  si^rwards  suc- 

Mix  in  a  mortar  3  parts  of  common  salt  ceeded  in  distilling  the  yellow  fluid  to  one 

and  1  of  black  oxide  of  manganese.     Intro-  end  of  the  tube,  and  so  separated  it  from  the 

duce  them  into  a  glass  retort,  and  add  2  remdning  portion.     When  the  tube  was  cut 

parts  of  sulphuric  add.    Gas  will  issue,  which  in  tlie  middle,  the  parts  flew  asunder,  and  a 

must  be  collected  in  the  water-pneumatic  powerful  atmosphere  of  chlorine  exhded. 

trough.     A  gentle  heat  will  favour  its  extri-  Subsequently,  by  a  condensing  sjrringe,  he 

cation.     In  practice^  the  above  pasty-con-  converted  chlorine  dried  over  sulphuric  add 

sistenced  mixture  is  apt  to  boil  over  into  the.  into  the  same  yellow  liquid.     Since  then, 

neck.     A  mixture  of  liquid  muriatic  add  M.  Bussy  has  liquefied  chlorine,  by  cooling 

and  manganese  is  therefore  more  convenient  the  vessel  contdning  it  with  his  liquid  sul- 

for  the  production  of  chlorine.    A  very  slight  phurous  acid. 

heat  is  adequate  to  its  expulsion  from  the         In  its  perfectly  dry  state,  the  gas  has  no 

retort     Instead  of  manganese,  red  oxide  of  effect  on  dry  vegetable  colours.     With  the 

mercury,  or  puce^colour^  oxide  of  lead,  may  dd  of  a  little  mdsture,  it  bleaches  them  into 

be  employed.  a  yellowish«white.     Scheele  first  remarked 
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thlft  bleaching  property;  Bertbollet  applied 
it  to  the  art  of  bleaching  in  France ;  and 
from  him  Mr  Watt  intrwluced  iti  uae  into 
Great  Britain. 

If  a  lighted  wax  taper  be  immerBcd  rapidly 
into  this  gas,  it  consumes  very  fa^t,  with  a 
dull  reddish  flame,  and  much  smoke.  The 
taper  will  not  bum  at  the  surface  of  the  gas.  • 
Hence,  if  slowly  introduced,  it  is  apt  to  be 
extinguished.  The  alkaline  metals,  as  well 
as  copper,  tin,  arsenic,  zinc,  antimony,  in  fine 
laminae  or  filings,  spontaneously  bum  in 
chlorine.  Metallic  chlorides  result.  Phos- 
phoms  also  takes  fire  at  ordinary  tempera- 
tures, and  is  converted  into  a  chloride.  Sul- 
phur may  be  melted  in  the  gas  without  tak- 
ing fire.  It  forms  a  liquid  chloride,  of  a 
reddish  colour.  When  dry,  it  is  not  altered 
by  any  change  of  temperature.  Enclosed  in 
a  phial  with  a  h'ttle  moisture,  it  concretes 
into  crystalline  needles,  at  ¥3^  Fahr. 

According  to  M.  Thenard,  water  condenses,  * 
at  die  temperature  of  68''  Fahr.  and  at  29.92 
barom.  1^  times  its  volume  of  chlorine,  and 
forms  agueoui  chlorine,  formerly  called  liquid 
oxymuriatic  acid.  This  combination  is  best 
made  in  the  second  bottle  of  a  Woolfe*s  ap- 
paratus, the  first  being  charged  with  a  littie 
water  to  intercept  the  muriatic  acid  gas, 
while  the  third  bottie  may  contain  potaBh- 
water,  or  milk  of  lime,  to  condense  the  super- 
fluous gas.  M.  Thenard  says,  that  a  kilo- 
gramme of  salt  is  sufficient  for  saturating 
from  10  to  12  litres  of  water.  These  mea- 
sures correspond  to  2}  lbs.  avoirdupois,  and 
to  from  21  to  25  pints  English.  There  is 
an  ingenious  apparatus  for  making  aqueous 
chlorine,  described  in  BerthoUet's  Elements 
of  Dyeing,  voL  L  ;  which,  however,  the  hap- 
py substitution  of  slaked  lime  for  water,  bj 
Mr  Charles  Tennent  of  Glasgow,  has  super- 
seded for  the  purposes  of  manufacture.  It 
.  .congeals  by  cold  at  40^  Fahr.,  and  affords 
crystallised  plates,  of  a  deep  yellow,  contain- 
ing a  less  proportion  of  water  than  the  liquid 
combination.  Hence,  when  chlorine  is  passed 
into  waVer  at  temperatures  under  4^,  the 
liquid  finally  becomes  a  concrete  mass,  which 
at  a  gentie  heat  liquefies,  with  effervescence^ 
fhm  the  escape  of  the  excess  of  chlorine. 

The  hydrate  of  chlorine  may  be  obtained, 
well  crystallised,  by  introducing  into  a  clean 
bottle  of  the  gas  a  litUe  water,  but  not  suffi- 
cient to  convert  the  whole  into  hydrate,  and 
then  placing  the  bottie  in  a  temperature  some- 
what below  32^  Fahr.  for  a  fiew  days,  in  a 
dark  place.  The  hydrate  is  produced  in  a 
crust,  or  in  dendritical  crystals,  but,  being 
left  to  itself,  will  in  a  few  days  sublime  from 
one  part  of  the  botUe  to  another,  in  the  man- 
ner of  camphor,  forming  brilliant  and  com- 
paratively large  crystals,  which,  when  most 
perfect,  are  acute  flattened  octohedra.  Tliese 
crystah  consist  in  100  parts  of  27.7  dUorine 
-^  72.3  water ;  which  accords  with  10  atoms 


of  water  to  1  of  chlorine.— JdfrJViraday,  Jour^ 
nai  of  Science,  xv.  71. 

When  steam  and  chlorine  are  passed  toge- 
ther through  a  red4iot  porcelain  tube,  they 
are  converted  into  muriatic  acid  and  oxygen. 
A  like  result  is  obtained  by  exposing  aque- 
ous chlorine  to  the  solar  rays ;  with  this'dif- 
ferenoe,  that  a  litUe  chloric  add  is  formed. 
Hence,  aqueous  chlorine  should  be  kept  in  a 
dark  place.  Aqueous  chlorine  attacks  almost 
all  the  metals  at  an  ordinary  temperature, 
forming  muriates  or  chlorides,  and  heat  Is 
evolved.  It  has  the  smell,  taste^  and  colour 
of  chlorine;  and  acts,  like  it,  on  vegetable 
and  animal  colours.  Itf  taste  is  somewhat 
astringent,  but  not  in  the  least  degree  acidu- 
lous. 

When  we  put  in  a  perfectiy  dark  place,  at 
the  ordinary  temperature^  a  mixture  of  chlo- 
rine and  hydrogen,  it  experiences  no  kind  of 
alteration,  even  m  the  space  of  a  great  many 
days.  But  ii^  at  the  same  low  temperature 
we  expose  the  mixture  to  the  diflluse  light  of 
day,  by  degrees  the  two  gases  enter  into  che- 
mical combination,  and  form  muriatic  add 
gas.  There  is  no  change  in  the  volume  of 
the  mixture,  but  the  change  of  its  nature  may 
be  proved,  by  its  rapid  absorbability  by  water, 
its  not  exploding  by  the  lighted  taper,  and 
the  disappearance  of  the  chlorine  hue.  To 
produce  the  complete  discoloration,  we  must 
expose  the  mixture  finally  for  a  few  minutes 
to  the  sunbeam.  If  exposed  at  first  to  this 
intensity  of  light,  it  explodes  with  great  vio- 
lence, and  instandy  forms  muriatic  add  gas. 
The  same  explosive  combination  is  produced 
by  the  electric  spark  and  the  lighted  taper. 
M.  Thenard  says,  a  heat  of  392<>  is  sufficient 
to  cause  the  explosion.  The  proper  propor- 
tion is  an  equal  volume  of  each  gas.  Chlo- 
rine and  nitrogen  combine  into  a  remarkable 
detonating  compound,  by  exposing  the  former 
gas  to  a  solution  of  an  ammoniacal  salt.  (See 
Nitrogen.)  Chlorine  is  the  most  powoful 
agent  for  destroying  oontagious  miasmata. 
The  disinfecting  phials  of  Morveau  evolve 
this  gas. 

Dr  Brovm  has  recently  employed  chlorine 
in  solution,  in  oases  of  the  scarlet  fever,  with 
the  utmost  success.  From  a  tea  spoonful  to 
a  table  qpoonful  is  given  evoy  two  or  three 
hours,  without  the  addition  of  any  other  sub- 
stance. The  solution  should  be  fresh  made, 
and  swallowed  quickly  to  avoid  coughing :  in 
the  sore  throat  sometimes  accompanying  the 
fever,  it  is  more  easily  swallowed  than  mud- 
laginous  drinks.  As  the  disease  declines,  the 
quantity  of  medicine  is  diminished :  the  whole 
quanti^  in  the  cases  of  -children  has  never 
exceeded  two  ounces,  and  in  adults  five 
ounces.  For  its  anticontagious  powers,  see 
LufB    (Chloride    of).      See  £^hlorous 

OXIDR. 

CHLORITE  is  a  mineral,  usually  friable 
or  very  easy  to  pulverise,  composed  of  a  mul- 
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titude  of  litde  spangles,  or  shining  small 
grains,  failing  to  powder  under  the  pressure 
of  the  fingers.  There  are  four  sub-species. 
1.  Chlorite  earth.  In  green,  glimmering,  and 
somewhat  pearl  j  scales,  with  a  shining  green 
streak.  It  adheres  to  the  skin,'  and  has  a 
greasy  feel.  Spec.  grav.  2.6.  It  consists  of 
50  silica,  26  sJumina,  1.5  lime,  5  oxide  of 
iron,  17.5  potash.  This  mineral  is  found 
chiefly  in  clay-slate,  in  Germany  and  Switzer- 
land. At  Altenbcrg,  in  Saxony,  it  is  inter- 
mingled with  sulphurets  of  iron  and  arsenic, 
and  amphibole  in  mass.  2.  Common  chlorite* 
A  massive  mineral  of  a  blackishrgreen  colour,- 
a  shining  lustre,  and  a  foliated  fracture  pass- 
ing into  earthy.  Streak  is  lighter  green :  it 
is  soft,  opaque,  easily  cut  and  broken,  and 
feels  greasy.  Spec  grav.  2.83.  Its  consti- 
tuents are,  26  silica,  18.5  alumina,  8  magne- 
sia, 43  oxide  of  iron,  and  2  muriate  of  potash. 
3»  Chlorite  slate.  A  massive,  blackish-green 
mineral,  witH  resinous  lustre,  and  curve  slaty 
or  scaly-foliated  fracture.  Double  cleavage. 
Easily  cuL  Feds  somewhat  greasy.  Spec. 
grav.  2.82.  It  occurs  particularly  along  with 
ciay-elafee,  and  is  found  in  Corsica,  Fahlun  in 
Sweden,  and  Norway.  4^  Foliated  chlorite. 
Colour  between  mountain  and  blackish-green. 
Massive^  but  commonly  crystallized  in  six- 
sided  tables,  in  cylinders  terminated  by  two 
cones,  and  in  double  cones  with  the  bases 
jmned.  Surface  streaked.  Lustre  shining 
pearly ;  foliated  fracture,  translucent  on  the 
edges ;  sof^  sectile,  and  folia  usually  flexible. 
Feels  rather  greasy.  Spec.  grav.  2.82.  It 
is  found  at  St  Gothard,  in  Switzerland,  and 
in  the  island  of  Java.  Its  constituents  are^ 
35  silica,  18  alumina,  29.9  magnesia,  9.7 
oxide  of  iron,  2.7  water. 

CHLOROPHANE.  A  violet^IiMr-^Nir, 
found  in  Siberia. 

CHLORIDE  OF  CARBON.    See  Caa- 

BON. 

CHLORIDE&  Compounds  of  chlorine 
with  bases.     See  the  sespective  bases. 

CHLORO-CARBONOUS  ACID.  The 
term  chloro-carbonic«  which  has  been  given 
to  this  compound  is  incorrect,  leading  to  the 
belief  of  its  being  a  compound  of  chlorine 
and  acidified  charcoal,  instead  of  being  a 
compound  of  chlorine  and  the  protoxide,  of 
charcoal.  Chlorine  has  no  immediate  action 
on  carbdnic  oxide,  when  they  are  exposed  to 
each  other  in  common  day-light  over  mer- 
cury; not  even  when  the  electric  spark  is 
passed  through  them.  Experiments  made  by 
Dr  John  Davy,  in  the  presence  of  his  bro- 
ther Sir  H.  Davy,  prove  that  they  combine 
rapidly  when  exposed  to  the  direct  solar 
beams,  and  one  volume  of  each  is  condensed 
into  one  volume  of  the  compound.  The 
resulting  gas  possesses  very  curious  proper- 
ties, approaching  to  those  of  an  add.  From 
the  peculiar  potency  of  the  sunbeam  in  effect- 
ing this  combination,  Dr  Davy  called  it  phos- 


gene gas.  The  constituent  gases,  dried  over 
muriate  of  lime,  ought  to  be  introdueed  from 
separate  i^eservoirs  into  an  exhausted  globe, 
perfectly  dry,  and  exposed  for  fifteen  minutes 
to  bright  sunshine,  or  for  twelve  hours  to  day- 
light. Hie  colour  of  the  chlorine  disappears ; 
and  on  opening  the  stopcock  belonging  to 
the  globe  under  mercury  recently  boUed,  an 
absorption  of  one-half  the  gaseous  volume  is 
indicated.  The  resulting  gas  possesses  pro- 
perties perfectly  distinct  from  those  belonging 
to  either  carbonic  oxide  or  chlorine. 

It  does  npt  fume  in  the  atmosphere.  Its 
odour  is  different  from  that  of  chlorine^  some- 
thing like  that  which  might  be  imagined  to 
result  from  the  smell  of  chlorine  combined 
with  that  of  ammom'a.  It  is  in  fact  mora 
intolerable  and  suffocating  than  chlorine  it^ 
self,  and  affects  the  eyes  in  a  peculiar  man- 
ner, producing  a  rspid  flow  of  tears,  and  oc- 
casioning painful  sensations. 

It  reddens  dry  litmus  paper,  and  condenses 
four  volumes  of  ammonia  into  a  white  salt, 
while  heat  is  evolved.  This  ammoniacal  com- 
pound is  neutral,  has  no  odour,  but  a  pun- 
gent saline  taste;  is  deliquescent,  decompos- 
able' by  the  liquid  mineral  acids,  dissolves 
without  effervescing  in  rioegar,  and  sublimes 
unaltered  in  muriatic,  carbonic,  and  sulphur- 
ous acid  gases.  Sulphuric  add  resolves  it 
into  carbonic  and  muriatic  adds,  in  the  pro- 
portion of  two  in  vdume  o£  the  .latter,  and 
one  of  the  former.  Tin,  zinc,  antimony,  and 
arsenic,  heated  in  chloro-caibonous  add,  al>> 
stract  the  chlorine,  and  leave  the  carbonic 
oxide  expanded  to  its  original  volume.  Nei- 
ther ignition  nor  explosion  takes  place,  though 
the  action  of  the  metals  is  rapid.  Potassium 
acting  on  the  compound  gas  produces  a  solid 
chloride  and  charcoal.  White  oxide  of  zinc, 
with  chloro-carbonous  acid,  gives  a  metallic 
chloride,  and  carbonic  add.  Ndther  sul- 
phur, phosphmus,  oxygen,  nor  hydrogen, 
though  aided  by  heat,  produce  any  change 
on  the  add  gas.  But  oxygen  and  hydrogen 
together,  in  due  proportions,  explode  in  it ; 
or  mere  exposure  to  vnter  converts  it  into 
muriatic  and  carbonic  acid  gases. 

From  its  completely  neutralizing  ammonia, 
which  carbonic  add  does  not;  from  its  sepa- 
rating carbonic  acid  from  the  subcarbonate  Of 
this  alkali,  while  itself  is  not  separable  by  the 
add  gases  or  acetic  add ;  and  its  reddening 
vegetable  blues ;  there  can  be  no  hesitation  in 
pronoundng  the  chloro-carbonous  compound 
to  be  an  acid.  Its  saturating  powers  indeed 
surpass  every  other  substance.  None  con- 
denses so  large  a  proportion  of  ammonia. 

One  measure  of  alcohol  condenses  twelve 
of  chloro-carbonous  gas  without  decompps- 
ing  it ;  and  acquires  the  peculiar  odour  and 
power  of  affecting  the  eyes. 

To  prepare  the  gas  in  a  pure  state,  a  good 
air-pump  is  required,  perfectly  tight  stop- 
cocks, dry  gases,  and  dry  vessels.  Its. specific 
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graTity  may  be  inferred  from  the  specific  gra- 
vities of  its  constituents,  of  wbidi  it  is  the 
sum.  Hence,  2.5  +  0.9722  =  a4722,  is 
the  specific  gravity  of  chloro-carbonous  gas ; 
and  100  cubic  inches  weigh  105.9  grains.  It 
appears  that  when  hydrogen,  carbonic  oxide, 
and  chlorine,  mixed  in  equal  volumes,  are 
exposed  to  light,  muriatic  and  chloro-carbon- 
ous acids  are  formed,  in  equal  proportions, 
indicating  an  equality  of  affinity. 
•  The  paper  in  the  Phil.  Trans,  for  1812, 
from  which  the  preceding  facts  are  taken, 
does  honour  to  the  school  of  Sir  H.  Davy. 
MM.  Gay  Lussac  and  Thenard,  as  well  as 
Dr  Murray,  made  controversial  investigations 
on  the  subject  at  the  same  droe,  but  without 
success.  M.  Thenard  has,  however,  recog- 
nized its  distinct  existence  and  properties,  by 
4he  name  of  carbo-murialic  acid,  in  the  2d 
volume  of  his  System,  published  in  1814<, 
where  he  considers  it  as  a  compound  of  mu- 
riatic and  carbonic  adds,  resulting  from  the 
mutual  actions  of  the  oxygenated  muriatic 
acid  and  carbonic  oxide. 

CHLOROPAL.  A  mineral  of  which 
there  are  two  varieties,  the  conchoidal,  and 
the  earthy.  The  conchoidal  has  a  pistachio- 
green  colour;  opaque;  spec,  gravity  2.  It 
breaks  readily  into  parallelopipeds.  It  con- 
sists of  silica  46,  oxide  of  iron  35.3,  mag- 
nesia 2,  alumina  1.0,  water  18,  with  traces 
of  potash  and  manganese.  It  is  found  ac- 
companying copal,  not  far  from  Unghwar  in 
the  comitate  of  the  same  name. 

CHLOROPHCEITE.  A  mineral  of  a 
green  colour  when  newly  broken,  but  soon 
becoming  black.  It  is  scratched  by  a  quill. 
Brittle.  Sp.  grav.  2.02.  Not  affected  by 
the  blowpipe.  It  is  found  imbedded  in  the 
amygdaloids  of  the  cliff  of  Scuirmore  in  the 
isle  of  Rum,  and  also  in  Fife,  in  nodules, 
generally  round,  from  the  size  of  a  radish 
seed  to  that  of  a  pea. — Dr  Afaccviloch. 

CHLOROUS  and  CHLORIC  OX- 
IDES^ or  the  protoxide  and  deutoxide  of 
chlorine. 

Both  of  these  interesting  gaseous  com- 
pounds were  discovered  by  Sir  H«  Davy. 

Ist,  The  experiments  which  led  him  to  tlie 
knowledge  of  the  first,  were  instituted  in  con- 
sequence of  the  difference  he  had  observed 
between  the  properties  of  chlorine,  prepared 
in  different  modes.  The  paper  describing 
the  production  and  properties  of  the  chlorous 
oxide  was  published  in  the  first  part  of  the 
PhiL  Trans,  for  1811.  To  prepare  it,  we 
put  chlorate  of  potash  into  a  small  retort,  and 
pour  in  twice  as  much  muriatic  acid  as  will 
cover  it,  diluted  with  an  equal  volume  of 
water.  By  the  application  of  a  gentle  heat, 
the  gas  is  evolved.  It  must  be  collected  over 
mercury. 

Its  tint  is  much  more  lively,  and  more  yel- 
low than  chlorine,  and  hence  its  illustrious  dis- 
coverer named  it  euchiorine*    Itsfemell  is  pecu- 


liar, and  approaches  to  that  of  burnt  sugar. 
It  is  not  respirable.  It  is  soluble  in  .water,  to 
which  it  gives  a  lemon  colour.  Water  ab- 
sorbs 8  or  10  times  its  volume  of  this  gas. 
Its  specific  gravity  is  to  that  of  common  air 
nearly  as  2.40  to  1 ;  for  100  cubic  inches 
weigh,  according  to  Sir  H.  Davy,  between 
74  and  75  grains.  If  the  compound  gas  re- 
suit  from  4  volumes  of  chlorine  -f-  2  of  oxy- 
gen,  weighing  12.1154,  which  undergo  a 
condensation  of  one-sixth,  then  the  specific 
gravity  comes  out  2.423,  in  accordance  with 
Sir  H.  Davy's  experiments.  He  found  tliaft 
•  50  measures,  detonated  in  a  glass  tube  over 
pure  mercury,  lost  their  brilliant  colour,  aud 
became  60  measures,  of  which  40  were  chlo- 
rine and  20  oxygen. 

Tliis  gas  must  be  collected  and  examined 
with  much  prudence,  and  in  very  small  quan- 
tities.    A  gentle  heat,  even  that  of  the  hand, 
will  cause  its  explosion  with  such  force  as  to 
burst  thin  glass.     From  this  facility  of  de- 
composition, it  is  not  easy  to  ascertain  the 
action  of  combustible  bodies  upon  it.     None 
of  the  metals  that  bum  in  chlorine  act  upon 
this  gas  at  common  temperatures ;  but  when 
the  oxygen  is  separated,  they  then  inflame  in 
the  chlorine.    This  may  be  readily  exhibited 
by  first  introducing  into  the  protoxide  a  Httle 
Dutch  foil,  which  will  not  be  even  tarnished ; 
but  on  applying  a  heated  glass  tube  to  the  gaa 
in  the  neck  of  the  bottle,  decomposition  in- 
stantly takes  place,  and  the  foil  bums  with 
brilliancy.     When  already  in  chemical  union, 
therefore,  chlorine  has  a  stronger  attraction 
for  oxygen  than  for  metals ;  but  when  insu- 
lated, iu  affinity  for  the  latter  is  predominant. 
IVotoxide  of  chlorine  has  no  action  on  mer- 
cury, but  <;hlorine  is  rapidly  condensed  by 
this  metal  into  calomel.     Thus  the  two  gases 
may  be  completely  separated.     When  phos- 
phorus is  introduced  into  the  protoxide,  it 
instantly  bums,  as  it  would  do  in  a  mixture 
of  two  volumes  of  chlorine  and  one  of  oxy- 
gen ;  and  a  chloride  and  acid  of  phosphorus 
result      Lighted  taper  and  burning  sulphur 
likewise  instantly  decompose  it     When  the 
protoxide  freed  from  water  is  made  to  act  on 
dry  vegetable  colours,  it  gradually  destroys 
them,  but  first  gives  to  the  blues  a  tint  of 
red;  from  which,  from  its  absorbability  by 
water,  and  the  strongly  acrid  taste  of  the  so- 
lution, approaching  to  sour,  it  may  be  con- 
sidered as  approximating  to  an  acid  in  its 
nature.     Since  2  volumes  of  chlorine  weigh 
(2  X  ^'^)  ^>  and  1  of  oxygen  1.1  111 ;   we 
have  4.5  -f*  1  ^  5.5  for  the  prime  equivalent 
of  chlorous  oxide  on  the  oxygen  scale.    The 
proportion  by  weight  in  100  parts  is  81.65 
chlorine  -f-  18.35  oxygen. 

2d,  Deutoxide  ofChiorinCt  or  Chloric  Oxide. 
"  On  Tliursday  the  4th  May,  a  paper  by  Sir 
H.  Davy  was  read  at  the  Royal  Society,  on 
the  action  of  acids  on  hyper-oxymuriate  of 
potash.     When  sulphuric  add  is  poured  upon 
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this  lalt  in  •  wine-glass,  very  little  efferres-  obtained  it  by  pressing,  and  then  washing  in 
cence  takes  piace,  but  the  acid  gradually  ac-  water,  the  substance  of  many  leaves,  and  af- 
quires  an  orange  colour,  and  a  dense  yellow  terwards  treating  it  with  alcohol.  A  matter 
▼apour,  of  a  peculiar  and  not  disagreeable  was  dissolved,  which  when  separated  by  eva- 
Biiiell,  floats  on  the  surface.  Hiese  pheno>  poration,  and  purified  by  washing  in  hot 
mena  led  the  author  to  believe^  that  the  sub-  water,  appeared  as  a  deep  green  resinous 
stance  extricated  from  the  salt  is  held  in  so-  substance.  It  dissolves  entirely  in  alcohol, 
lulion  by  the  acid.  After  various  unsuccessful  ether,  oils,  or  alkalis ;'  it  is  not  altered  by  ex- 
attempts  to  obtain  this  substance  in  a  separate  posure  to  air ;  it  is  softened  by  heat,  but 
state,  he  at  last  succeeded  by  the  following  does  not  melt ;  it  bums  with  flame,  and 
method :—- About  60  grains  of  the  salt  are  leaves  a  bulky  coal.  Hot  water  slightly  dis- 
triturated  with  a  little  sulphuric  acid,  juist  solves  it.  Acetic  acid  is  the  only  add  that 
sufficient  to  convert  them  into  a  very  solid  dissolves  it  in  great  quantity.  If  an  earthy 
paste.  This  is  put  into  a  retort,  which  is  or  metallic  salt  be  mixed  with  the  alcoholic 
heated  by  means  of  hot  water.  The  water  solution,  and  then  alkali  or  alkaline  subcar- 
must  never  be  allowed  to  become  boiling  hot,  bonate  be  added,  the  oxide  or  earth  is  thrown 
for  fear  of  explosion.  The  heat  drives  ofl^  down  in  combination  with  much  of  the  green 
the  new  gas,  which  may  be  received  over  substance,  forming  a  lake.  These  lakes  ap- 
mercury.  This  new  gas  h^  a  much  more  pear  moderately  permanent  when  exposed  to 
iniense  colour  than  euchlorine.  It  does  not  the  air.  It  is  supposed  to  be  a  peculiar  . 
act  on  mercury.  Water  absorbs  more  of  it  proximate  principle.  % 
than  of  euchlorine.  Its  taste  is  astringent  Hie  above  learned  term  should  be  spelled 
It  destroys  vegetable  blues  without  reddening  with  a  y,  chlorophyle,  to  signify  the  green  of 
them.  When  phosphorus  is  introduced  into  leaf,  or  leaf-green :  chlorophile,  with  an  t,  has 
it,'  an  explosion  takes  place.  When  beat  is  a  different  etymology,  and  a  different  mean- 
applied,  the  gas  explodes  with  more  violence,  ing.  It  signifiesybm/  of  green, 
and  -producing  more  light,  than  euchlorine.  CHOLESTERINE.  The  name  given 
When  thus  exploded,  two  measures  of  it  are  by  M.  Chevreul  to  the  pearly  substance  of 
converted  into  nearly  three  measures,  which  human  biliary  calculi.  It  consists  of  72 
consist  of  a  mixture  of  one  measure  chlorine  carbon,  6.66  oxygen,  and  21.33  hydrogen, 
and  two  measures  oxygen.     Hence,  it  is  com-  by  Berard. 

posed  of  one  atom  chlorine  and  four  atoms         M.  Chevreul  has  lately  extracted  choleste- 

oxygen.  **  rine  from  human  bile.     The  bile,  after  being 

Deutoxide  of  chlorine  has  a  peculiar  aro-  diluted,  filtered,  and  concentrated,  was  preci- 

matic   odour,   unmixed  with  any  smell  of  pitated  by  alcohol ;  the  alcoholic  extract  was 

chlorine.     A  little  chlorine  is  always  ab-  acted  upon  by  ether,  and  the  latter  solution 

sorbed  by  the  mercury  during  the  explosion  left  to  crystallise  spontaneously :  a  substance 

of  the  gas.     Hence  the  smidl  deficiency  of  separated,  which,  when  purified,  was  neither 

the  resulting  measure  is  accounted  for.     At  acid  nor  alkaline  to  vegetable  colours,  which 

common  temperatures,  none  of  the  simple  like  cholesterine  crystallized,    either  when 

combustibles,  which  Sir  H.  Davy  tried,  de-  fused  and  cooled,  or  when  dissolved  in  alco- 

compose  the  gas,  except  phosphorus.    The  hoi  or  ether.     It  required  about  I[!12<^  for  its 

taste  of  the  aqueous  solution  is  extremely  fusion ;  was  not  saponified  by  being  boiled  for 

astringent  and  corroding,  leaving  for  a  long  24  hours  in  solution  of  potash ;  in  contact 

while  a  very  disagreeable  sensation.     The  with  sulphuric  acid,  it  instantly  became  of  an 

action  of  liquid  nitric  acid  on  the  chlorate  of  orange-red  colour,  and  with  nitric  add  com- 

potash  affords  the  same  gas;   and  a  much  ported  itself  like  cholesterine.     The  same 

larger  quantity  of  this  acid  may  be  safely  em-  substance  was  also  obtained  by  him  from  the 

ployed  than  of  the  sulphuric.     But  as  the  bile  of  a  bear  and  a  pig. 
gas  must  be  procured  by  solution  of  the  salt,         CHOLESTERIC    ACID.      See    ACXD 

it  is  always  mixed  with  about  one-fifth  of  (Cholesteric). 
oxygen.  CHONDRODITE.      A  gem.     Lustra 

Since  two  measures  of  this  gas,  at  212^,  vitreous ;  colour  yellow ;  transparent ;  sp.  gr. 
explode  and  form  three  measures  of  mingled  3^199;  diflicultly  fusible  before  the  blow- 
gases,  of  which  two  are  oxygen  and  one  chlo-  pipe,  but  loses  its  colour  and  becomes  opaque. 
rine,  its  composition  by  weight  is  Its  constituents  are^  silica  38,  magnesia  54^ 

Oxygen,    2.2222      4  primes,  4.00    47  oxide  of  iron  5.1,  alumina  1.5,  potash  0.36. 

Chlorine,  2.5  1  do.         4.5       53  It  occurs  at  Ersby  in  the  parish  of  Pargas  in 

— —  .  Finland,  'along  with   pargasite ;   also  near 

8.5     100  Newton  in  Sussex  county.  New  Jersey,  along 

Its  spedfic  gravity  is  2.361 ;  and  hence  100  with  graphite  and  curved  Umellar  calcareous 

cubic  inches  of  it  wdgh  about  77  grains.  spar,     lliis  variety  has  been  called  Brudte. 

CHLOROPHILE.      The  name  lately         CHROMATES.     Saline  compounds  of 

given  by  MM.  Pelletier  and  Caventou  to  the  chromic  acid.     They  are  characterised  by 

green  matter  of  the  leaves  of  plants.     They  their  yeUow  or  reddish  colour :    the  yellow 
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precipitate  they  afibrd  ^th  acetate  of  lead.  This  oxide  is  employed  to  make  dark  green 

the  red-Tiolet  with  nitrate  of  silTer,  and  the  grounds  on  porcelain,  and  other  fine  enamel 

red  hy  nitrate  of  mercury.  greens :  it  also  enters  into  such  glasses  as  are 

CHROMIUM.     This  metal  may  be  ez^  meant  for  imitations  of  emerald ;  and,  by  ig- 

tractcd  either  from  the  natiTe  chromate  of  lead  niting  it  very  strongly  in  the  state  of  a  'paste 

or  from  chrome  iron  ore.     Hie  latter  being  with  lamp-black  and  oil,  metallic  chromium 

cheapest  and  most  abundant,  is  usually  em-  may  be  procured. 

ployed.  2.  The  deutozide  is  procured  by  exposing 

The  brown  chromate  of  iron  is  not  acted  the  protonitrate  to  heat,  till  the  fumes  of  ni- 

iipon  by  nitric  add,  but  most  readily  by  nitrate  trous  gas  cease  to  issue.     A  brilliant  brown 

of  potash,  with  the  aid  of  a  red  heat.    A  cbro-  powder,  insoluble  in  acids,  and  scarcely  solu- 

mate  of  potash,  soluble  in  water,    is  thus  ble  in  alkalis,  remains.     Muriatic  acid  di- 

formed.    The  iron  oxide  thrown  out  of  com-  gested  on  it  exhales  chlorine,  showing  the  in- 

bination,  may  be  remored  from  the  residual  creased  proportion  of  oxygen  in  this  oxide, 

part  of  the  ore  by  a  short  digestion  in  dilute  According  to  Benelius,  this  oxide  is  form- 

muriatic  add.     A  second  f^on  with  ^  of  ed  of  100  metal  4-  ^84  oxygen ;  and  his 

nitre,  will  give  rise  to  a  new  portion  of  chro-  formula  represents  it  as  consisting  of  two 

mate  of  potash.     Having  decomposed  the  atoms  chromium  =  351.82  X  ^  ^  70dL64r 

whole  of  the  ore,  we  saturate  the  alkaline  ex-  ^  4*  oxygen  sas  4f00. 

cess  with  nitric  add,  evaporate  and  orystallize.  3.  The  Jritoxide  has  been  already  described 

The  pure  crystals,  dissolved  in  water,  are  to  among  the  adds.     It  may  be  directly  procur- 

be  added  to  a  solution  of  neutral  nitrate  of  ed,  by  adding  nitrate  of  lead  to  the  above 

mercury ;  whence,  by  complex  affinity,  red  nitro-chromate  of  potash,  and  digesting  the 

chromate  of  mercury  precipitates.    Moderate  beautiful  orange  predpitate  of  chromate  of 

ignition  expels  the  mercury,  and  converts  the  lead  with  moderately  strong  muriatic  add,  till 

add  to  an  oxide^  whidi  may  be  reduced  to  the  its  power  of  action  Jbe  exhausted.     The  fluid 

metallic  state  by  bang  exposed  in  contact  of  produced  is  to  be  passed  through  a  filter,  and 

the  charcoal  from  sugar,  to  a  violent  heat  a  little  oxide  of  silver  very  gradually  added,  till 

Chromium  thus  procured  is  a  porous  mass  the  whole  solution  becomes  of  a  deep  red  tint, 

of  agglutinated  grains.     It  is  very  brittle^  Hiis  liquor,  by  slow  evaporation,  deposits 

and  of  a  greyish-white,  intermediate  between  snuU  ruby-red  crystals,  which  are  the  hydra^ 

tin  and  sted.     It  is  sometimes  obtained  in  ted  chromic  acid.     The  prime  equivalent  of 

needle-form  crystals,  which  cross  each  other  chromic  add,  deduced  from  the  cbromates  of 

in  all  directions.     Its  sp.   gravity  is  5.9.  baryta  and  lead  by  Berzdius,  is  651.819. 

It  resists  all  the  adds  except  nitro-muiiatic.  According  to  this  chemist,  the  add  contains 

which  at  a  boiling  heat  oxidises  it,  and  forms  double  the  oxygen  that  the  green  oxide  does. 

»  muriate.     There  are  probably  two  oxides  M.  Unverdorben  states,  that  if  chromate  of 

of  chromium  besides  the  add  already  de>  lead  be  distilled  with  common  salt  and  an- 

scribed.  hydrous  sulphuric  add,  a  reddish  gas  is  ob- 

1»  The  protoxide  is  green,  infusible,  inde-  tained,  consisting  of  chromium  combined  with 

.  composable  by  heat,  redudble  by  voltaic  elec-  chlorine.    Water  converts  it  into  chromic  and 

tridty,  and  not  acted  on  by  oxygen  or  air.  muriatic  acids.     By  passing  the  above  gas 

When  heated  to  dull  redness  with  the  half  of  through  a  cold  tube,  the  chloride  of  chromium 

Its  wdght  of  potassium  or  sodium,  it  forms  a  is  entirely  condensed,  while  the  chlorine  and 

brown  matter,  which,  cooled  and  exposed  to  muriatic  add  evolved  along  with  it  pass  offi 

the  air,  burns  with  fiame^  and  is  transformed  The  liquid  chloride  is  of  a  fine  blood^red  co- 

into  chromate  of  potash  or  soda,  of  a  canary-  lour,  heavier  than  water,  very  volatile^  fum- 

ydlow  colour.     It  is  this  oxide  which  is  ob-  ing  in  the  air,  and  then  of  a  colour  analogous 

tdned  by  caldning  the  chromate  of  mercury  to  that  of  nitrous  add  when  in  vapour.     It 

in  a  small  earthen  retort  for  about  J  of  an  rapidly  attacks  mercury,  acts  on  sulphur  with 

hour.     The  beak  of  the  retort  is  to  be  sur-  much  energy  and  a  hissing  noise :  it  deto- 

rounded  with  a  tube  of  wet  linen,  and  plung-  nates  with  phosphorus,  even  when  the  parti- 

ed  into  water,  to  fadlitate  the  condensation  cles  of  each  do  not  exceed  the  size  of  a  pin*s 

of  the  mercury.     He  oxide^  newly  precipi-  head.— ^ourn.  of  Science,  xxii.  211. 

tated  from  adds,  has  a  dark  green  colour,  and  A  very  elaborate  memoir  *'  on  some  of  the 

is  easily  redissolved;  but  exposure  to  a  dull  compounds  of  chromium,**  by  Dr  Thomson, 

red  heat  ignites  it,  and  renders  it  denser,  in-  published  in  the  FhiL  Trans,  for  1827,  Part 

soluble^  and  of  a  light  green  colour.     This  II.  gives  a  different  view  of  the  combining 

change  arises  solely  from  the  closer  aggrega-  ratios  of  the  oxygen  and  chromium  in  the  ox- 

tion  of  the  particles,  for  the  weight  is  not  ides  and  add  of  this  metaL  The  atomic  wdght 

altered.  of  chromium  he  fixes  at  4^  oxygen  bdng  1 ; 

Beraelius  regards  the  protoxide  of  chrome  the  green  oxide^  procured  by  bdUng  chromate 

as  composed  of  100  chrome  and  42.633  oxy-  of  potash  and  muriatic  add  together,  and  pre- 

gen ;  which,  reduced  to  his  atomic  numbers,  dpitating  by  ammonia,  has  an  atomic  wdght 

is  351.82  metal  4-  150  oxygen  s=3  501.82.  of  5,  and  contains  I  of  oxygen.     Brown 
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oxide  he  conaiden  as  a  compound  of  1  atom  wtuteoi  it.     It  conaiiU  of  96.16  ttlica,  0.06 

chromic  add»  and  6  atoms  green  oxide ;  the  alumina,  0.83  lime^  0.08  oxide  of  itoa,  and 

fonner  constituent  being  given  off  to  water  1  oxide  of  nickel,  to  which  it  probably  owes 

and  alkalis ;  and,  finally,  diromic  add  coo-  its  colour.     It  Ims  been  found  hitherto  only 

Msts  of  4  •4-  2.5  oxygen  ^  6.5  for  its  prime  at  Kosemiits  in  Upper  Silesia.     The  moun- 

e^Talent  tains  which  enclose  it  are  composed  chiefly  of 

In  the  above  paper  Dr  Hiomson  has  de-  serpentine,  potstone,  talc,  and  other  unctuous 

scribed  several  s^ts  having  the  green  oxide  rocks,  that  almost  all  contain  magnesiiL     It 

of  chromium  lor  a  base.    None  of  them  can  is  found  in  veins  or  interrupted  beds  in  the 

be  oystaUiaed ;  nor  have  they  been  applied  midst  of  a  green  earth  which  contains  nickeL 

to  any  use.  It  is  used  in  jewellery. 

CHRYSCTbERYL.  CymopAoRtfofHaiiy.  CHUSITE.  A  mineral  found  by  Saussure 
This  mineral  is  usually  got  in  round  pieces  in  the  cavities  of  porphyries  in  the  environs 
about  the  sise  of  a  pea,  but  it  is  found  crys-  of  Limbourg.  It  is  yellowish  or  greenish, 
lallixed  in  ei^t-sided  prisms,  terminated  by  and  translucent ;  its  fracture  is  sometimes 
six-sided  summits.  Colour,  asparagu».green;  perfectly  smooth,  and  its  lustre  greasy;  at 
lustre,  vitreous ;  fracture,  oonchoidaL  It  is  other  times  it  is  granular.  It  is  very  brittle, 
semitransparent  and  brittle^  but  scratches  It  melts  easUy  into  a  translucid  enamel,  en- 
quarts  and  beryl.  Sp.  gr.  3.76.  Itisinfu-  closing  air  bubbles.  It  dissolves  entirely, 
jtible  before  the  blowpipe.  It  has  double  re-  and  without  effervescence,  in  adds, 
fraction,  and  becomes  electric  by  iriction.  Its  CH  YAZIC  See  Acid  (FEEROFBumc). 
primitive  form  is  a  rectangular  parallelopiped.  CHYLE.  By  the  digestive  process  in 
Its  constituents,  according  to  Klaprotb,  are  the  stomach  of  animals,  the  food  is  converted 


71  alumina,  18  rilica,  6  lime^  1^  oxide  of  into  a  miJky  fluid  called  chyme,  which, 

iron.  log  into  the  intestines,  is  mixed  with  pan- 

The  summits  of  the  prisms  of  chrysoberyl  creatic  juice  and  bile^  and  thereafter  resolved 

are  sometimes  so  cut  into  faesttes  that  the  into  chyle  and  feculent  matter.    The  farmer 

solid  acipiires  28  fiMres.    It  is  found  at  Brasil,  is  taken  up  by  the  lacteal  absorbent  vessels 

Ceylon,  Connecticut,  and  perhaps  Nertschink  of  the  intestines,  which,  coursing  along  the 

in  Siberia.     This  mineral  has  nothing  to  do  mesenteric  web,  terminate  in  the  thoradc 

with  the  chrysoberyl  of  Pliny,  which  was  pro-  duct,     lliis  finally  empties  its  contents  into 

bably  a  variety  of  beryl  of  a  greenish-yellow  the  vena  cava, 
colour.  Chyle  taken  soon  after  the  death  of  an 

CHRYSOCOLLA.     The  Greek  name  animal,  from  the  thorsdc  duct,  resembles 

for  borax.  milk  in  appearsnoe.     It  has  no  smell,  but  a 

CHRYSOLITE.    Peridot  of  Haiiy.  To-  slightly  acido-saccharine  taste;  yet  it  blues 

pas  of  the  andents,  while  our  topas  is  thdr  reddened  litmus  paper  by  its  unsaturated  al- 

cbrjrsolite.     Chrysolite  is  the  least  hard  of  all  kali.     Soon  after  it  is  drawn  from  the  duct, 

the  gems.     It  is  scratched  by  quarts  and  the  it  separates  by  coagulation  into  a  thicker  and 

flkw     Its  crystals  are  well  formed  compressed  thiimer  matter.      1.  The  former,  or  curd, 

piisaM,  of  dght  sides  at  least,  terminated  by  seems  intermediate  between  albumen  and 

a  i^edged  form  or  pyramidal  summit,  trun-  fibrin.     Potash  and  soda  dissolve  it  with  a 

catedatdie  apex.     Its  primitive  form  is  a  slight  exhalation  of  ammonia.      Water  of 

i%ht  prism,  with  a  rectanguhu*  base.     It  has  ammonia  forms  with  it  a  reddish  solution, 

a  strong  double  refraction,  which  is  dbserved  Dilute  sulphuric  add  dissolves  the  coaguium, 

in  looking  across  one  of  the  large  sides  of  the  and  very  weak  nitric  add  changes  it  into 

summit  and  the  opposite  fiice  of  the  prism,  adipocere.     By  heat,  it  b  converted  into  a 

The  lateral  planes  are  longitudinally  streaked,  charcoal  of  difficult  indneration,  which  con- 

Thecolouri8pistachio-green,andothershades.  tains  common  salt  and  phosphate  of  lime, 

£xtemal   lustre   splendent.      Transparent ;  with  minute  traces  of  iron.     2.  From  the  se- 

Iracture  coochoidai.  Scratches  felspar.   Brit-  rous  portion,  heat,  alcohol,  and  acids,  pred- 

tle.     Sp.gr.  3.41.     With  borax,  it  fuses  into  pitate  a  copious  coaguium  of  albumen.     If 

a  pale  green  glass.     Its  constituents  are,  39  the  alcohol  be  hot,  a  little  matter  analogous 

silica,  43.5  magnesia,  19  of  oxide  of  iron,  to  the  substance  cf  brain  is  subsequently  de- 

aocording  to  Klaproth ;  but  Vauquelin  found  posited.     By  evaporation  and  cooling,  Mr 

38,  50.5^  and  9.5.     Chrysolite  comes  from  Brande  obtained  crystals  analogous  to  the 

Egypt,  where  it  is  found  in  alluvial  strata,  sugar  of  milk.     Dr  Marcet  found  the  chyle 

It  has  also  been  found  in  Bohemia,  and  in  of  graminivorous  animals  thinner  and  darker, 

the  drde  of  Bunzlau.  and  less  charged  with  albumen,  than  that  of 

CHRYSOPRASE.     A  variety  of  calce-  carnivorous.     In  the  fimner,  the  weight  of 

dony.    It  is  dther  of  an  apple  or  leek-green  the  fluid  part  to  that  of  the  coaguium  was 

colour.  Its  fracture  is  even,  waxy,  sometimes  nearly  2  to  I ;  but  a  serous  matter  afterwards 

a  little  splintery.    IVanslucent,  with  scarcely  oosed  out,  which  reduced  the  dot  to  a  very 

any  lustre.     Softer  than  calcnlony,  and  ra-  small  volume, 
tber  tough.     Sp.  gr.  2.5.     A  strong  heat 


CINCHONA. 


CINCHONINA. 


CHYME.  Dr  Marcet  euunined  chyme 
from  the  stomach  of  a  turkey.  It  was<« 
homogeneous  brownish  opaque  pulp,  having 
the  smell  peculiar  to  pou]to7.  It  was  neither 
acid  nor  alkaline,  and  left  one-fifth  of  solid 
matter  by  evaporation.  It  contained  albu- 
men. From  the  incineration  of  1000  parts, 
12  parts  of  charcoal  resulted,  in  which  iron, 
lime,  and  an  alkaline  muriate  were  distin- 
guished.    See  Digestion. 

CIMOLITE,  or  Cimouan  Earth.  The 
cimoHa  of  Pliny,  which  was  used  both  medi- 
cinally and  for  cleaning  cloths  by  the  an- 
cients, and  which  has  been  confounded  with 
fullers*  earth  and  tobacco-pipe  clay,  has  late- 
ly been  brought  from  Argentiera,  the  ancient 
Cimolus,  by  Mr  Hawkins,  and  examined  by 
Kl^roth. 

It  is  of  a  light  greyish-white  colour,  ac- 
quiring superficially  a  reddish  tint  by  expo- 
sure to  the  air ;  massive ;  of  an  earthy,  un- 
even, more  or  less  slaty  fracture;  opaque; 
when  shaved  with  a  knive^  smooth,  and  of  a 
greasy  lustre ;  tenacious,  so  as  not  without 
difficulty  to  be  powdered  or  broken ;  and  ad- 
hering pretty  firmly  to  the  tongue.  Its  spe- 
cific gravity  u  2.  It  is  immediately  pene- 
trated by  water,  and  developes  itself  into  thin 
laminae  of  a  curved  slaty  form.  Triturated 
with  water  it  forms  a  pappy  mass;  and  100 
grains  will  give  three  ounces  of  water  the  ap- 
pearance and  consistence  of  a  thickish  cream. 
If  left  to  dry  after  being  thus  ground,  it  de- 
taches itself  in  hard  bands,  somewhat  flexi- 
ble, and  still  more  difficult  to  pulverize  than 
before. 

It  appeared  on  analyus  to  consist  of  silex 
63»  alumina  23,  oxide  of  iron  1.25,  water  1 2. 

Ground  with  water,  and  applied  to  silk  and 
woollen  greased  with  oil  of  almonds,  the  oil 
was  completely  discharged  by  a  sh'gbt  wash- 
.  ing  in  water,  after  the  stuffs  had  been  hung 
up  a  day  to  dry,  without  the  least  injury  to 
the  beauty  of  the  colour.  M.  Klaproth  con- 
siders it  as  superior  to  our  best  fullers*  earth ; 
and  attributes  its  properties  to  the  minutely 
divided  state  of  the  silex,  and  its  intimate 
combination  with  the  alumina.  It  is  still 
used  by  the  natives  of  Argentiera  for  the  same 
purposes  as  of  old. 

According  to  Olivier  the  island  of  Argen- 
tiera is  entirely  volcanic,  and  the  Cimolian 
earth  is  produced  by  a  slow  and  gradual  de- 
composition of  the  porphyries,  occasioned  by 
subterranean  fires.  He  adds,  that  he  collect- 
ed speciments  of  it  in  all  the  states  through 
which  it  passes. 

CINCHONA.    The  quinquina  and  kina 

-  of  the  French  is  the  bark  of  several  species  of 

cinchona,  which  grow  in  South  America.   Of 

this  bark  there  are  three  varieties,  the  red,  the 

yellow,  and  the  pale. 

1.  The  red  is  in  large,  easily  pulverised 
pieces,  which  furnish  a  reddfish-brown  powder, 
having  a  bitter  astringent  taste.     The  watery 


inlusioa  reddens  vegetable  blues,  from  some 
five  citric  add.  It  contains  also  muriates  of 
ammonia  and  time.  The  bark  contains  ex- 
tractive, resin,  bitter  principle^  and  tannin. 
2.  The  yellow  Peruvian  bark  was  first  brought 
to  this  country  about  the  year  1 790 ;  and  it 
resembles  pretty  closely  in  composition  the 
red  species,  only  it  yields  a  good  deal  of 
kinate  of  lime  in  plates.  3.  The  pale  cin- 
chona u  that  generally  employed  in  medical 
.  practice,  as  a  tonic  and  febrifuge.  M.  Vau- 
quelin  made  infusions  of  all  tne  varieties  of 
cinchona  he  could  procure,  using  the  same 
quantities  of  the  barks  and  water,  and  leaving 
the  powders  infused  for  the  same  time.  He  ^ 
obsored,  1.  That  certain  infusions  were  pre- 
cipitated abundantly  by  infusion  of  galls,  bj 
scdution  of  glue,  and  tartar  emetic.  2.  That 
some  were  precipitated  by  glue^  but  not  by  the 
two  other  reagents :  and,  3.  That  others  wer% 
on  the  contrary,  by  nutgalls  and  tartar  eme- 
tic, without  being  aflected  by  glue.  4^  And 
that  there  were  some  which  yielded  no  preci- 
pitate by  nutgalls,  tannin,  or  emetic  tartsr. 
The  cinchonas  that  furnished  the  first  infu- 
sion were  of  excellent  quali^;  those  that 
afforded  the  fourth  were  not  febrifuge ;  while 
those  that  gave  the  second  and  third  were 
febrifuge,  but  in  a  smaller  degree  than  the 
first  Besides  mucilage,  kinate  of  lime»  and 
woody  fibre,  he  obtained  in  bis  analyses  a 
resinous  substance,  which  appears  not  to  be 
identic  in  all  the  species  of  bark.  It  is  very 
bitter ;  very  soluble  in  alcohol,  in  adds,  and 
alkalis;  scarcely  soluble  in  cold  water,  but 
more  soluble  in  hot  It  is  this  body  which 
gives  to  infusions  of  dnchona  the  property  of 
yielding  predpitates  by  emetic  tartar,  gaUs^ 
gelatin ;  and  in  it  the  febrifuge  virtue  seems 
to  reside.  It  is  this  substance  in  part  which 
faUs  down  on  cooling  decoctions  of  dnchona, 
and  from  concentrated  infusions.  A  tsble  of 
precipitations  by  glue^  tannin,  and  tartar  em^ 
tic,  from  infusions  of  different  barks,  has  been 
given  by  M.Vauquelin  ;  but  as  the  particu- 
lar spedes  are  difficult  to  define^  we  shall  not 
copy  it. 

M.  Robiquet  has  observed,  that  the  true 
bark  of  the  cinchona,  submitted  to  dry  distil- 
lation, yields  very  concentrated  acetic  add  at 
a  very  moderate  heat ;  but,  according  to  M. 
Virey,  many  other  vegetable  substances  yield 
the  same  product. 

Analysis  of  the  cinchona  condammoea  (grey 
bark)  by  MM.  Pe^etier  and  Caventou.  They 
found  it  composed  of,  1.  cinchonina,  united 
to  kinic  add ;  2.  green  fatty  matter ;  3.  red 
colouring  matter,  slightly  soluble ;  4<.  tannin  ; 
5.  yellow  colouring  matter ;  6.  kinate  of  lime; 
7.  gum  ;  8.  starch  ;  9.  lignine. 

CINCHONINA.  A  saUfiable  base^  or 
vegetable  alkali,  discovered  in  dndiona  con- 
damincea  by  MM.  Pelletier  and  Caventou. 
The  person,  however,  who  first  recognised  its 
existence,  though  be  did  not  ascertain  its 
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alkaline  nature,  or  study  its  onmbinations 
with  adds,  was  M.  Gomis  of  Lisbon. 

Mr  Brande  pmcribes  thefollowing  process 
for  separating  cinchonina  from  PeruTian  berk, 
(cinchosui  lancifbUa).  A  pound  of  bruised 
bark  is  boUed  in  about  a  gallon  of  water,  to 
which  three  fluid  drachms  of  sulphuric  add 
have  been  previously  added.  A  similar  de- 
coction is  repeated  with  about  half  the  quan- 
tity of  liquid,  and  so  on  till  aU  the  soluble 
matter  is  extracted.  The  decoctions  are  then 
mixed  together,  and  strained ;  and  powdered 
slaked  lime  is  added,  in  a  proportion  some- 
what greater  than  necessary  to  saturate  the 
add :  the  predpitate  that  ensues  (a  mixture 
of  dnchonina  and  sulphate  of  lime)  is  colJect- 
edf  dried,  and  boiled  for  some  minutes  in 
strong  alcohol,  which  is  then  decanted  off 
while  UiU  hoty  and  fresh  portions  successively 
added  for  the  repetition  of  the  same  operation, 
until  it  ceases  to  act  on  the  residuum,  which 
is  then  merdy  sulphate  of  lime.  The  diffe- 
rent alcoholic  solutions  are  then  put  into  a 
retort  or  still,  and  considerably  evaporated, 
during  which,  and  espedally  on  cooling,  aci- 
cuhur  crystals  of  dnchonina  are  deposited. 
"When  the  whole  is  thus  collected,  the  crystals, 
if  yellqw  or  discoloured,  must  be  again  dis- 
solved in  boiling  alcohol,  and  thus,  by  re- 
crystallization,  they  will  be  obtuned  colour- 
less. •^Ifanua/  rf  Pharmacy  f  p.  61. 

Tlie  following  process  for  extracting  dn- 
chonina is  that  of  M.  Henry,  fils,  which  the 
above  French  chemists  approve  of.  A  kilo- 
gramme of  bark,  reduced  into  a  pretty  fine 
powder,  is  to  be  acted  on  twice  with  heat  by 
a  dilute  sulphuric  add,  consisting  of  50  or 
60  grammes,  diluted  with  8  kilogrammes  of 
water  for  each  time.  The  filtered  decoc- 
tions are  very  bitter,  have  a  reddish  colour, 
which  assumes  on  cooling  a  ydlowish  tint 
To  discolour  (blanch)  these  liquors,  and  ssf- 
turate  the  add,  either  pulverized  quicklime 
or  magnesia  may  be  employed.  The  liquors, 
entirely  deprived  of  colour,  are  to  be  passed 
through  a  doth,  and  the  predpitate  which 
forms  is  to  be  washed  with  a  small  quantity  of 
water,  to  separate  the  excess  of  lime  (if  this 
earth  has  been  used).  The  deposit  on  the 
cloth,  well  drained,'  and  almost  completely 
deprived  of  moisture  for  12  hours,  after  hav- 
ing been  put  three  successive  times  to  digest 
in  alcohol  of  36^  (0.837),  wiU  furnish,  by 
distilling  off  the  liquid  alcohol,  a  brown  visdd 
matter,  becoming  brittle  on  cooling.  It  is 
to  be  acted  on  with  water  sharpened  with 
sulphuric  acid,  and  the  refrigerated  liquor 
will  afford  about  30  grammes  of  white  crys- 
tals, entirely  soluble  in  alcohol,  scarcely  so- 
luble in  cold  water,  but  more  in  boiling  wa- 
ter, particularly  if  this  be  slightly  acidulated, 
lliey  consist  of  pure  sulphate  of  cinchonina. 
Tbey  ought  to  be  brilliant,  crystallized  in 
parallelopipeds,  very  bard,  and  of  a  glassy 
white.     It  should  burn,  %vitIiout  leaving  any 


residuum.  Other  processes  have  been  given, 
of  which  a  full  account  wUl  be  found  in  the 
12th  volume  of  the  Journal  of  Sdence,  p. 
325.  From  a  solution  of  the  above  salt,  the 
dnchonina  may  be  easily  obtained  by  the 
addition  of  any  alkali.  The  dnchonina  falls 
down,  and  may  be  afterwards  dissolved  in 
alcohol,  and  crystallized  by  evaporation.  Its 
form  is  a  rhombotdal  prism,  of  108**  and 
72®,  terminated  by  a  bevelment.  It  has  lyit 
little  taste^  requiring  7000  parts  of  water  for 
its  solution ;  but  when  dissolved  in  alcohol, 
or  an  add,  it  has  the  bitter  taste  of  bark. 
When  heated,  it  does  not  fuse  before  decom- 
position. 

According  to  Mr  Brande,  cuichonina  con- 
sists of 

Carbon,        -        -       80.20 
Azote,      -        -  12.85 

Hydrogen,    -        -        a85 


99.90 
By  another  experiment,  he  found  its  con- 
stituents to  be 

Carbon,        -        -         78.4> 
Azote,       -        -  14.6 

Hydrogen,    -        -  7.5 


100.5 
He  could  detect  no  trace  of  oxygen  in  it«- 
Jawmal  of  Science^  xvL  282. 

MM.  Dumas  and  Pelletier,  in  an  elabo- 
rate memoir  on  the  ultimate  analysis  of  ve- 
getables, represent  dnchonina  as  consisting  of 
Carbon,        -        -       76.97 
Azote,      -  -  9.02 

Hydrogen,     -        -        6.22 
OxygSni,        -        -        7.97 


100.18 
It  dissolves  in  only  very  small  quantities  in 
the  oils,  and  in  sulphuric  ether. 
The  sulphate  is  composed  of  cinchonina,  100 

Sulphuric  add,  13 
whence  the  prime  equivalent  would  iq>pear 
to  be  38.5.  The  muriate  is  more  soluble. 
It  consists  of 

•  Cinchonina,       -       -       100 
Muriatic  add,         -  7.9 

The  nitrate  is  uncrystallizable.  Gallic, 
oxalic,  and  tartaric  acids,  form  neutral  salts 
with  dnchonina,  which  are  soluble  only  with 
excess  of  acid.  Hence  infusion  of  nutgalls 
gives,  with  a  dea>ction  of  good  dnchona, 
an  abundant  predpitate  of  gallate  of  dn- 
chonina. 

M.  Baup  states  the  composition  of  crys- 
tallized neutral  sulphate  of  cinchonina  to  be 
1  atom  dnchonina,        39  84.324 

1  sulphuric  acid,     5  10.811 

2  water,  2.25      4.865 


46.25  100.000 
Supersulphate  of  dnchonina,  he  says,  con- 
tains 2  atoms  of  acid,  and  9  of  water.     The 
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•  btter  appears  in  imperfect  rliomboidal  octo- 
hedra ;  the  fonner  in  rhomboidal  prisma.— 
Ann.  de  Chim.  et  de  Phy».  xzYii.  3^3. 

M.  Robiquet  gi^es,  as  the  coroposition  of 
a  subsulphate  of  dnchonina  of  the  first  crys- 
tallisation, 

Sulphuric  add,        -        -      1 1.3 
Cincbonina,        -  -        79.0 

The  alkaline  base  found  in  yellow  barks  is 
called  QoiNiNA.  It  is  extracted  in  exactly 
the  same  way.  Red  bark  contains  a  mixture 
of  these  two  alkalis.  The  febrifuge  virtue 
of  the  sulphates  b  oonsiderad  to  be  very 
great     See  Quinina. 

CINNABAR.  An  ore  of  mercury,  con- 
sisting of  that  metal  united  with  sulphur. 

CINNAMON  STONE.  The  colours 
of  this  rare  mineral  are  blood-red,  and  hya- 
cinth-red, passing  into  orange-yellow.  It  is 
found  always  in  roundish  pieces ;  lustre 
splendent;  fracture  imperfect  conchoidal; 
fragments  angular;  transparent  and  semi- 
transparent;  scratches  quarts  with  <tifficulty ; 
somewhat  brittle;  sp.  gr.  3.53;  fuses  into 
a  brownish-black  enameL  Its  constituents 
are,  3a8  silica,  21.2  alumina,  31.25  lime,  and 
6.5  oxide  of  iron.  It  is  found  in  the  sand 
of  rivers  in  Ceylon. 

CIPOLIN.  The  cipolin  from  Rome  is 
a  green  marble  with  white  sones ;  it  gives 
fire  with  steel,  though  difficultly.  One  hun- 
dred parts  of  it  contain  67.8  of  carbonate  of 
lime ;  25  of  quartz ;  8  of  schistus ;  0.2  of 
iron,  beside  the  iron  (x>ntained  in  the  schistus. 
The' cipolin  from  Autun,  83  parts  carbo- 
nate of  lime,  12  of  green  mica,  and  1  of 
iron, 

CITRIC  ACID.  Acid  of  limes.  It  has 
been  found  nearly  unmixed,  with  other  acids, 
not  only  in  lemons,  oranges,  and  limes,  bu> 
also  in  the  berries  of  vacdniam  ox^coccos,  or 
cranberry,  vaccinium  vUit  idaea,  or  red^ 
whortleberry,  of  birdcherry,  nightshade,  hip, 
in  unripe  grapes  and  tamarinds.  Goose- 
berries, currants,  bilberries,  beamberries, 
cherries,  strawberries,  cloudberries,  and  rasp- 
berries, contain  citric  acid .  mixed  with  an 
equal  quantity  of  malic  acid.  Tlie  onion 
yields  citrate  of  lime.     See  Acid  (Crriuc}. 

CITRATES.  Salts  formed  by  Cnaic 
Acid,  which  see. 

CIVET  is  collected  betwixt  the  anus  and 
the  organs  of  generation  of  a  fierce  carnivo- 
rous quadruped  met  with  in  China  and  the 
East  and  West  Indies,  called  a  civet>cat,  but 
bearing  a  greater  resemblance  to  a  fox  or 
marten  than  a  cat. 

Several  of  these  animals  liave  been  brought 
into  Holland,  and  afford  a  connderable 
branch  of  commerce,  particularly  at  Amster- 
dam. The  civet  is  squeezed  out,  in  summer 
every  other  day,  in  winter  twice  a-week  :  the 
<|uantity  procured  at  once  is  from  two  scruples 
to  a  drachm  or  more.  The  juice  thus  collected 
is  much  purer  and  finer  than  that  which  the 


animal  slieda  against  shrubs  or  stones  in  its 
native  climates. 

Good  d ve^  is  of  a  clear  yellowish  or  brown- 
ish Goknir,  not  fluid,  bor  hard,  but  about  the 
consistenceof  butter  or  honey,  and  uniform 
throughout;  of  a  very  strong  smell;  quite 
offensive  when  undiluted  ;  but  agreeable 
when  only  a  small  portion  of  civet  is  mixed 
with  a  large  one  of  other  substances^ 

Civet  unites  with  oils,  but  not  with  aloo- 
hol.     Its  nature  is  therefore  not  resinoua. 

M.  Boutron-Charlard  states,  that  in  an 
nnexoeptional]^  good  civet,  aemi-fluid,  unc- 
tuous and  yellow,  he  foond  free  ammonia, 
stearine,  elaln,  mucus,  resin,  volatile  oil, 
yellow  colouring  substance,  and  sahs.  No 
benzoic  add  could  be  detected  in  it.— Jtmrn. 
de  Pkarmacie  for  1824,  p.  537. 

CLARIFICATION  u  the  process  of 
freang  a  fluid  from  heterogeneous  matter  or 
feeulendes,  though  the  tenn  is  seldom  ap- 
plied t6  the  mere  mechanical  process  of 
straining,  for  which  see  Fcltration. 

Albumen,  gelatin,  adds,  certain  salts, 
lime^  blood,  and  alcohol,  in  many  cases  serve 
to  clarify  fluids  that  cannot  be  freed  from 
thdr  impurities  by  simple  percolation. 

Albumen  or  gelatin,  dissolved  in  a  small 
portion  of  water,  is  commonly  used  for  fining 
vinous  liquors,  as  it  inviscates  the  feculent 
matter,  and  gradually  subsides  with  it  to  the 
bottom.  Albumen  is  particulariy  used  for 
fluids  with  which  it  will  combine  when  cold, 
as  syrups ;  it  bdng  coagulated  by  the  beat, 
and  then  rising  in  a  scum  with  the  dregs. 

Heat  alone  clarifies  some  fluids,  as  the 
juices  of  plants,  in  which  however  the  albu- 
men they  contain  is  probably  the  agent. 

A  couple  of  handfuls  of  marl,  thrown  into 
the  press,  will  clarify  cyder,  or  water-cyder. 

CLAY  (PURE).     See  Alumina. 

CLAY.  Hie  clays  being  opaque  and  non- 
crystallized  bodies,  of  dull  ftacture,  afibrd  no 
good  prindple  for  determining  thdrspedes; 
yet  as  they  are  extensivdy  distributed  in 
nature,  and  are  used  in  many  arts,  they 
deserve  particular  attention.  The  argillace- 
ous minerals  are  all  suffidently  soft  to  be 
scratehed  by  iron ;  they  have  a  dull  or  even 
earthy  fracture ;  they  eiihale,  when  breathed 
on,  a  peculiar  smdl  cilled  argillaceous.  The 
clays  form  with  water  a  plastic  paste,  pos- 
sessing considerable  tenadty,  which  hardens 
with  heat,  so  as  to  strike  fire  with  steel. 
Marls  and  chalks  also  soften  in  water,  but 
thdr  paste  is  not  tenacious,  nor  does  it  ac- 
quire a  siliceous  hardness  in  tlie  ^re»  Hie 
aflinity  of  the  clays  for  moisture  ift  manifest- 
ed by  their  sticking  to  the  tongue,  and  by 
the  intense  heat  necessary  to  make  them  per- 
fectly dry.  The  odour  ascribed  to  days 
breathed  upon,  is  due  to  the  oxide  of  iron 
mixed  with  them.  Absolutely  pure  clays 
emit  no  smelL 
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1.  Porcdain  earth,  the  kaolin  of  the 
Chinese.— -This  niDeral  14  friable^  meagre 
to  the  touch,  and,  when  pure*  forms  with 
difficulty  a  paste  with  water.     It  is  infusible 
in  a  porcelain  furnace.     It  is  of  a  pure 
white,  verging  sometimes  upon  the  yellow 
or  flesh-red.    Some  present  paitides  of  mica, 
which  betray  their  origin  to  be  from  felspar 
or  graphic  granite.    It  scarcely  adheres  to  the 
tongue.     Sp.  gr.  8.2.     It  is  found  in  primi- 
tive  mountains,  amid  blocks  of  granite*  form^ 
ing  interposed  strata.     Kaolins  are  some- 
times preceded  by  beds  of  a  micaceous  rock 
of  the  teiture  of  gneiss,  but  red  and  very 
friable.      This   remarkable  disposition  has 
been   observed    in  the   kaolin    quarries  of 
China,  in  those  of  Alen^on,  and  of  Saint 
Yriex  near  Limoges.     The  constituents  of 
kaolin  are,  52  silica,  47  alumina,  0.33  oxide 
of  iron ;  but  some  contain  a  notable  propor- 
tion of  water  in  their  recent  state.     The 
Chinese  and   Japanese  kaolins  are  whiter 
and  more  unctuous  to  the  touch  than  those 
of  Europe.     The  Saxon  has  a  slight  tint  of 
yellow  or  carnation,  which  disappears  in  the 
fire,  and  therefore  is  not  owing  to  metallic 
impregnation.     At  Saint  Yriex  the  kaolin  is 
in  a  stratum,  and  also  in  a  vein,  amid  blocks 
of  granite,  or  rather  the  felspar  rock,  which 
the  Chinese  call  petuntse.      The   Cornish 
kaolin  is  very  white  and  unctuous  to  the 
touch,  and  obviously  is  formed  by  the  disin- 
tegration of  the  felspar  of  granite. 

2.  Potteri*  clay,  or  plattie  ctoy.~-The 
clays  of  this  variety  are  compact,  smooth,  and 
almost  unctuous  to  the  touch,  and  may  be 
polished  by  the  finger  when  they  are  dry. 
They  have  a  great  affinity  for  water,  form  a 
tenacious  paste,  and  adhere  strongly  to  the 
tongue.  The  paste  of  some  is  even  slightly 
transparent.  Tlley  acquire  great  solidity, 
but  are  infusible  in  the  porcelain  furnace. 
This  property  distinguishes  them  from  com- 
mon clays  employed  for  coarse  earthen-ware'. 
Some  of  them  remain  white,  or  become  so  in 
a  high  heat;  others  turn  red.  Sp.  gr.  2. 
The  slaty  potters'  clay  of  Werner  has  a  dark 
aab-grey  colour;  principal  fracture  imper- 
fectly conchoidal,  cross  fhacture  earthy ;  ^ag- 
ments  tabular,  rather  light,  and  feels  more 
greasy  than  common  potters*  clay.  Vauque- 
lin*8  analysis  of  the  plastic  clay  of  Forges- 
les-Eaux,  employed  for  making  glass-house 
pots,  as  well  as  pottery,  gave  16  alumina,  63 
silica,  1  lime,  8  iron,  and  10  water.  Another 
potters*  clay  gave  33.2  and  43.5  of  alumina 
and  silica,  with  3.5  hme. 

3.  Xoam.— ^This  is  an  impure  potters*  clay 
mixed  with  mica  and  iron  ochre.  Colour 
yellowish-grey,  often  spotted  yellow  and 
brown.  Massive,  with  a  dull  glimmering 
lustre  from  scales  of  mica.  Adheres  pretty 
strongly  to  the  tongue,  and  feels  slightly 
greasy.  Its  density  is  inferior  to  the  pre- 
ceding. 


4.  Variegated  c/oty^— is  striped  or  spotted 
with  white,  red,  or  ydlow  colours.  Massive, 
with  an  earthy  fracture,  verging  on  slaty. 
Shining  streak.  Very  soft,  sometimes  even 
friable.  Feels  slightly  greasy,  and  adheres  a 
little  to  the  tongue.  Sectile.  It  is  found 
in  Upper  Lusatia. 

5.  Slate  c/ay.<^Colour  grey,  or  greyish- 
yellow.  Massive.  Dull  or  glimmering  lustre, 
from  interspersed  mica.  Slaty  fracture^  ap- 
proaching sometimes  to  earthy.  Fragments 
tabular.  Opaque,  soA,  sectile^  and  easily 
broken.  Sp.  gr.  2.6.  Adheres  to  the  tongue, 
and  breaks  down  in  water.  It  is  found 
along  with  coal,  and  in  the  floetz  trap  for- 
mation. 

6.  (7/oy«lofi£.<^Colour  grey,  of  various 
shades,  sometimes  red,  and  spotted  or  striped. 
Massive.  Dull  lustre,  Vith  a  fine  earthy 
fracture,  passing  into  fine  grained  uneven, 
slaty,  or  splintery.  Opaque,  soft,  and  easily 
broketu  Does  not  adhere  to  tfie  tongue* 
and  is  meagre  to  the  touch.  It  has  been 
found  on  tlie  top  of  the  Pentland  hills  in 
Scotland,  and  in  Germany. 

7.  Adhesive  «tole.— Colour  light  greenish- 
grey.  Internal  lustre  dull ;  -fracture  in  the 
large,  slaty ;  in  the  small,  fine  earthy.  Fo- 
ments slaty.  Opaque.  Shining  streak.  Sec- 
tile.  Eadly  broken  or  exfoliated.  Adheres 
strongly  to  the  tongue,  and  absorbs  water 
rapidly,  with  the  emission  of  air  bubbles  and 
a  crackling  sound.  It  is  found  at  Mont- 
martre  near  Paris,  between  blocks  of  impure 
gypsum,  in  large  straight  plates  like  sheets 
of  pasteboard.  It  is  found  also  at  MeniU* 
montanti  enclosing  menilite.  Klaproth's 
analysis  is  62.5  siUca,  8  magnesia,  0.5  alu- 
mina, 0.25  lime,  4  oxide  of  iron,  22  water, 
and  0.75  charcoal     Its  sp.  gr.  is  2.06. 

8.  Polishing  slate  of  Wemer.<^Colour, 
cream-yellow,  in  alternate  stripes.  Massive. 
Lustre  dull.  Slaty  fracture.  Fragments  ta- 
bular. Very  soft,  and  adheres  to  the  tongue. 
Smooth,  but  meagre  to  the  touch.  Sp.  gr. 
in  its  dry  state  0.6 ;  when  imbued  with  mois- 
ture 1.9.  It  has  been  found  only  in  Bohe- 
mia. Its  constituents  are,  79  silica,  1  alu- 
mina, 1  lime,  4  oxide  of  iron,  and  14  water. 

9.  Common  clay  may  be  considered  to  be 
the  same  as  Aiam.— Besides  the  above,  we 
have  the  analysis  of  some  pure  clays,  the  re- 
sults of  which  show  a  very  minute  quantity 
of  silica,  and  a  large  quantity  of  sulphuric 
acid.  Thus,  in  one  analyzed  by  Bucholz, 
there  was  I  silica,  31  alumina,  0.5  lime,  0.5 
oxide  of  iron,  21.5  sulphuric  add,  45  water, 
and  0.5  loss.  Simon  found  19.35  sulphuric 
acid  in  100  parts.  We  must  regard  these 
clays  as  subsulphates  of  alumina. 

CLAY-SLATE.  Argillaceous  schistus, 
the  argillite  of  Ku'wan.  Colour,  bluish-grey 
and  greyish-black  of  various  shades.  Mas- 
sive. Internal  lustre  shining  or  pearly.  Frac- 
ture foliated.     Fragments  tabular.     Streak, 
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greeniBh-white.  Opaquei  .  SoiL  Sectiie. 
Easily  broken.  Sononnis,  when  struck  with 
a  bard  body.  Sp.  gr.  2.7.  Its  constituents 
are,  48.6  silica,  23.5  alumina,  1.6  magnesia, 
11.3  peroxide  of  iron,  0.5  oxide  of  manga- 
nese, 4i.7  potash,  0.3  carbon,  0.1  sulphur, 
7.6  water  and  volatile  matter.  Clay-slate 
melts  easily  by  the  blowpipe  into  a  shining 
scoria.  This  mineral  is  extensively  distri- 
buted, forming  a  part  of  both  primitive  and 
transition  mountains.  The  great  beds  of  it 
are  often  cut  across  by  thin  seams  of  quartz 
or  carbonate  of  lime,  which  divide  them  into 
rhomboidal  masses.  Good  slates  should  not 
imbibe  water.  If  they  do»  they  soon  decom- 
pose by  the  weather. 

CLAY  IRON-STONR  See  Okes  or 
Iron. 

CLEAVAGE  OF  CRYSTALS  The 
mechanical  division  of  crystals,  by  showing 
the  direction  in  which  their  lamina  can  sepa- 
rate, enables  us  to  determine  the  mutual 
inclination  of  these  lamifue :  Werner  called 
it  durchgang,  but  he  attended  only  to  the 
number  of  directions  in  which  this  mechani- 
cal diviuon  of  the  plates,  or  cleavage,  could 
be  effected.  In  the  interior  of  many  mine^ 
rals,  the  direction  of  the  cleavage  may  be 
frequently  seen,  without  using  any  mechani- 
cal violence. 

CLEAVLANDITE.  A  mineral  for- 
merly ranked  among  felspars;  but  they  differ 
in  this,  that  the  13  or  H  per  cent  of  potash 
in  felspar,  is  replaced  by  about  10  per  cent 
of  soda  in  the  cleavlandite,  which  moreover 
•  is  not  so  hard  as  felspar.  Mr  Levy  considers 
the  primitive  form  of  felspar  to  be  an  oblique 
rhombic  prism;  and  that  of  cleavlandite  a 
doubly  oblique  prism.  The  crystals  of  the 
latter  have  a  certain  brilliancy  which  does  not 
belong  to  the  former.  The  localities  of  cleav- 
landite are  very  numerous;  but  the  finest 
crystals  come  fVom  the  Tyrol  and  St  Gothard, 
the  largest /rom  Siberia,  where  they  are  met 
upon  the  same  specimen  with  large  crystals 
of  reddish  felspar  and  smoky  quartz.  Hie 
most  transparent  come  from  Dauphiny.  This 
mineral  is  generally  white,  but  is  also  found 
bluish  and  blue,  and  of  a  dingy  red.  It  is 
sometimes  regularly  laminated,  affording  dis- 
tinct cleavages  parallel  to  all  the  planes  of  a 
doubly  oblique  prism,  yielding  by  the  reflec- 
tive goniometer,  in  one  direction,  alternate 
measurements  of  93P  SO',  and-Se^  SO';  in 
another,  of  1 1 9<>  30',  and  60^^  30^ ;  and  in  the 
third,  of  1 15<>  and  65*^.  It  was  at  first  called 
albite  and  siliceous  felspar.     It  consists  of 


silica  70.7,  alumina  19.8,  soda  9,  lime  a2, 
oxide  of  manganese  0.1.— £Srro»Myrr. 

CLIMATE.  The  prevailing  constitatioa 
of  the  atmosphere,  relative  to  heat,  wind,  and 
moisture,  peculiar  to  any  region.  This  de- 
pends chiefly  on  the  latitude  of  the  place,  its 
elevation  above  the  level  of  the  sea,  and  its 
insular  or  continental  position.  Springs  which 
issue  from  a  considerable  depth,  and  caves 
about  50  feet  under  the  surface,  preserve  an 
uniform  temperature  through  all  the  vidsai- 
tudes  of  the  season.  Hiis  is  the  mean  tem^ 
'perature  of  that  country.  From  a  compari- 
son of  observations,  IVofessor  Mayer  con- 
structed the  following  empirical  rule  for  find- 
ing the  relation  between  the  latitude  and  the 
mean  temperature,  in  centesimal  degrees,  at 
the  level  of  the  sea. 

Multiply  the  square  of  the  cosine  of  the 
latitude  by  the  constant  number  29,  the  pro* 
duct  is  the  temjterature.  Hie  variation  of 
temperature  fox  each  degree  of  latitude  is 
hence  denoted  centesimally  with  very  great 
precision,  by  half  the  sine  of  double  the  lati- 
tude. 


Latituda 
O-* 
5 
10 
15 
20 
25 
30 
35 
40  - 
45 
50 
55 
60 
65 
70 
75 
80 
85 
90 


Mean  temperatures 


Cent. 

29** 

2a  78 

2ai3 

27.06 

25.61 

2a82 

21.75 

19.46 

17.01 

14.50 

1L98 

9.54 

7.25 

5.18 

a39 

1.94 

0.86 

0.22 

0.0 


fabr. 
84.2 

sas 

82.6 

80.7 

78.1 

74.9 

71.1 

67. 

62.6 

5ai 

5a6 
49.2 
45.0 
41.3 

3ai 

35.5 
3a6 
32.4 
32.0 


Height  of  curve  of 
ooogeUtion  In  feet 

15207 

15095 

14764 

14220 

13478 

12557 

11484 

10287 

9001 

7671 

6334 

5034 

3818 

2722 

1778 

1016 

457 

117 

00 


The  following  Table  j^presents  the  results 
of  some  interesting  observations  made  under 
the  direction  of  Mr  Feiguson  of  Kaith,  at 
Abbotshall  in  Fife,  about  50  feet  above  the 
level  of  the  sea,  in  latitude  56<>  lO'.  The 
large  and  strong  bulbs  of  the  thermometen 
were  buried  in  the  ground  at  various  depths, 
while  the  stems  rose  above  the  surface  for 
inspection. 
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1816. 

1817. 

January, 

I  foot 

• 

2  feet. 

3  feet 

4feet 

Ifoot 

2  feet 

3  feet 

4feet 

33P 

36.30 

40.7° 

43^ 

35.6 

3a7 

40.5 

45.1 

February, 

33.7 

36 

39.0 

42 

37.0 

40.0 

41.6 

42.7 

March, 

35 

36.7 

39.6 

42.3- 

39.4 

40.2 

41.7 

42.5 

April, 

39.7 

3a4 

41.4 

43.8 

45.0 

42.4 

42.6 

42.6 

May, 

44.0 

4a3 

43.4 

44.0 

46.8 

44.7 

44.6 

44.2 

June, 

51.6 

50.0 

47.1 

45.8 

51.1 

49.4 

47.6 

47.8 

July, 

54..0 

52.5 

55.4 

47.7 

55.2 

55.0 

51.4 

49.6 

August, 

50.0 

52.5 

50.6 

49.4 

53.4 

5a9 

52.0 

50.0 

September, 

51.6 

51.3 

51.8 

50.0 

53.0 

52.7 

52.0 

50.7 

October, 

47.0 

49.3 

49.7 

49.6 

45.7 

49.4 

49.4 

49.8 

flovember. 

40.8 

ias 

46.3 

45.6 

41.0 

44.7 

47.0 

47.6 

December, 

35.7 

40.0 

43.0 

46.0 

37.9 

40.8 

44.9 

46.4 

Mean  of 
whole  year. 

4a8 

44.1 

45.1 

46 

44.9 

45.9 

46.2 

46.6 

Had  the  thermometers  been  sunk  deeper, 
they  would  undoubtedly  have  indicated  47.7, 
which  is  the  mean  temperature  of  the  place, 
as  is  shown  by  a  copious  spring.  < 

The  lake  of  Geneva,  at  the  depth  of  1000 
feet,  was  found  by  Saussure  to  be  42^ ;  and 
below  160  feet  from  the  surface  there  is  no 
monthly  variation  of  temperature.  The  lake 
of  Thun,  at  370  of  depth,  and  Lucerne  at 
640,  had  both  a  temperature  of  4P,  while 
the  waters  at  the  surface  indicated  respectively 
64^  and  68^^  Fahr.  Barlocci  observed,  that 
the  Lago  Sabatino,  near  Rome^  at  the  depth 
of  490  feet,  was  only  44^^,  while  the  thermo- 
meter stood  on  its  surface  at  77**.  Mr  Jar- 
dine  has  made  accurate  observations  on  the 
temperatures  of  some  of  the  Scottish  lakes, 
by  which  it  appears  that  the  temperature 
continues  uniform  all  the  year  round,  about 
20  fathoms  under  the  surface.  In  like  man- 
ner, the  mine  of  Dannemora  in  Sweden, 
which  presents  an  immense  excavation,  200 
or  300  feet  deep,  was  observed,  at  a  period 
when  the  working  was  stopped,  to  have  great 
blocks  of  ice  lying  at  the  bottom  of  it  The 
bottom  of  the  main  shaft  of  the  silver  mine 
of  Kongsberg  in  Norway,  about  300  feet 
deep,  is  covereid  with  perpetual  snow.  Hence, 
likewise^  in  the  deep  crevices  of  lEtna  and 
the  Pyrenees,  tlie  snows  are  preserved  all  the 
year  round.  It  is  only,  however,  in  such 
confined  situations  that  the  lower  strata  of 
air  are  thus  permanently  cold.  In  a  free 
atmosphere,  the  gradation  of  temperature  is 
reversed,  or  the  upper  regions  are  colder,  .in 
consequence  of  the  increased  capacity  for  heat 
of  the  air,  by  the  diminution  of  tHe  density. 
In  the  milder  climates,  it  will  be  suflBciently 
accurate,  in  moderate  elevations,  to  reckon  an 
ascent  of  540  feet  for  each  centesimal  degree, 
or  100  yards  for  each  degree  on  Fahrenheit's 
scale  of  diminished  temperature.  Dr  Francis 
Buchanan  found  a  spring  at  Cbitlong,  in  the 
lesser  valley  of  Nepal,  in  Upper  India,  which 


indicated  the  temperature  of  14.7  centesimal 
degrees,  which  is  8. 1°  below  the  standard  for 
its  parallel  of  latitude,  27o  38'.  TlTience  8. 1 
X  540  =  4374  feet,  is  the  elevation  of  tliat 
valley.  At  the  height  of  a  mile  this  rule 
would  give  about  33  feet  too  much.  The 
decrements  of  temperature  augment  in  an 
accelerated  progression  as  we  ascend. 

Ben  Nevis,  the  highest  mountain  in  Great 
Britain,  stands  in  latitude  57*^,  where  the 
curve  of  congelation  reaches  to  4534  feet. 
But  the  altitude  of  the  summit  of  the  moun- 
tain is  no  more  than  4380  feet ;  and  there- 
fore, during  two  or  three  weeks  in  July,  the 
snow  disappears.  The  curve  of  congelation 
must  evidently  rise  higher  in  summer,  and 
sink  lower  in  winter,  producing  a  lone  of 
fluctuating  ice^  in  which  the  glaciers  are 
formed. 

In  calculating  the  mean  temperature  of 
countries  at  different  distances  from  the  equa- 
tor, the  warmth  has  been  referred  solely  to 
the  sun.  But  Mr  Bald  has  published,  in  the 
first  number  of  the  Edinburgh  Philosophical 
Journal,  some  facts  apparently  incompatible 
with  the  idea  of  the  interior  temperature  of 
the  earth  being  deducible  from  the  latitude 
of  the  place,  or  the  mean  temperature  at  the 
surface.  The  following  table  presents,  at  one 
view,  the  temperature  of  air  and  water  in  the 
deepest  coal-mines  in  Great  Britain. 

Whitehaven  CoUiery^  county  of  Cumberland, 
Air  at  the  surface,  -  -  55®  F. ' 

A  spring  at  the  surface,  -  49 

Water  at  the  depth  of  480  feet,  60 

Air  at  same  depth,         -  -  63 

Air  at  depth  of  600  feet,  -         66 

Difference  between  water  at  surface 
and  at  480  feet,  -  .         H 

fforkington  Colliery^  county  of  Cumberland, 
Air  at  the  surface,  .  -         56^ 

A  spring  at  the  surface,  -  48 
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Water  180  feet  down,       .        -       50o  F. 

Water  504  feet  under  the  level  of  the 
ocean,  and  immediately  beneath 
the  Irish  Sea,  -  -  60 

Difference  between  water  at  tur&uce 
and  bottom,        ...         12 

Teem  ColUeryt  county  of  Durham: 
Air  at  pit  bottom,  444  feet  deep,       68^ 
Water  at  same  depth,         .        .       61 
Difference  between  the  mean  tempe- 
rature of  water  at  surface  =  49^, 
and  444  feet  down,      -        -        12 

Percy  Mam  CoUiery,  county  i^f  Northum^ 

birland. 
Air  at  the  surface,  -  -         42^ 

Water  about  900  feet  deeper  than  the 
level  of  the  see,  and  under  the  bed 
of  the  river  lyne,        .        .        68 
Air  at  the  same  depth,       -       '  -       70 
At  this  depth  Leslie's  hygrometer  in- 

dicatied  dryness  =  83^. 
Difference  between  mean  temperature 
of  water  at  surface  :^  49",  and  at 
900  fecut  down,  -  -  19 

Jarrow  CoUieryt  county  of  i)urham. 
Air  at  surface,  ....        49^^ 
Water  882  feet  down,       .        .        68 
Air  at  same  depth,  -  -         70 

Air  at  pit  bottom,  -  -  64 

Difference  between  the  mean  tempe- 
rature of  water  at  surface  =s  .49^9 
and  882  feet  down,  -  -  Id 
The  engine  pit  of  Jarrow  is  the  deep- 
est perpendicular  shaft  in  Great 
Britain,  being  900  feet  to  the  foot 
of  the  pumps. 

KUUngworth  CoUiery^  county  ofKorthum- 

beriantL 
Air  at  the  surface,  -  -        48*^ 

Air  at  bottom  of  pit,  790  feet  down,  51 
Air  at  depth  of  900  feet  from  the 
surface,  after  having  traversed  a 
mile  and  a  half  from  the  bottom  of 
the  downcast  pit,  .  .  70 
Water  at  the  most  distant  forehead  or 
mine,  at  the  great  depth  of  1200 
feet  from  the  surfuce,  -  74 

Air  at  the  same  depth,  -  77 

Difference  betwixt  the  mean  tempe- 
rature of  the  water  at  the  surface 
=  49^,  and  water  at  the  depth  of 
1200  feet,  -  -  25 

Distilled  water  bdls  at  this  depth  at  213 
Do.  do.  at  surface,         -  210{ 

M.  Humboldt  has  stated,  that  the  tempe- 
rature of  the  silver  mine  of  Valendana  in  New 
Spain  is  11^  above  the  mean  temperature  of 
Jamaica  and  Pondicherry,  and  that  this  tem- 
perature is  not  owing  to  the  miners  and  their 
lights,  but  to  heal  and  geological  causes.     To 


the  same  local  and  geological  causes  we  must 
ascribe  the  extraordinary  elevation  of  tempe> 
rature  observed  by  Mr  Bald.  He  further  re- 
marks, that  the  deeper  we  descend,  the  drier 
we  find  the  strat»;  so  that  the  roads  through 
the  mines  require  to  be  watered,  in  order  to 
prevent  the  faorse-drivers  from  being  annoyed 
by  the  dust.  This  £ict  is  adverse  to  the  hy- 
pothesis of  the  heat  proceeding  from  the  che- 
mical action  of  water  on  the  strata  of  coal.  As 
for  the  pyrites  intermixed  with  these  strata,  it 
does  not  seem  to  be  ever  decomposed  while 
it  is  in  sUu.  The  perpetual  drculation  of  air 
for  the  respiration  of  the  miners,  must  pre- 
vent the  lights  from  having  any  considerable 
influence  on  the  temperature  of  the  mines. 

The  meteorological  observations  now  made 
and  published  with  so  much  accuracy  and 
regularity  in  various  parts  of  the  wcN'ld,  will 
soon,  it  is  hoped,  mAe  us  better  acquainted 
with  the  various  local  causes  which  modify 
climates,  than  we  can  pretend  to  be  at  pre- 
sent. The  accomplished  philosophical  trave- 
ler, M.  de  Humboldt,  published  an  admir- 
able systematic  view  of  the  mean  temperatures 
of  different  places,  in  the  third  volume  of  the 
Memoirs  of  the  Society  of  Arcueil.  His  pa- 
per is  entitled,  Of  Isothermal  Lines  (lines  of 
the  same  temperature),  and  the  Distribution 
of  Heat  over  the  Globe.  By  comparing  a 
great  number  of  observations  made  between 
46°  and  46°  N.  lat.,  he  found  that  at  the 
hour  of  sunset  the  temperature  is  very  near- 
ly the  mean  of  that  at  sunrise  and  two  hours 
ailer  noon.  Upon  the  whole,  however,  he 
thinlLS,  that  the  two  observations  of  the  ex- 
treme tedkperatures  will  give  us  more  correct 
results. 

The  difference  which  we  observe  in  culti- 
vated plants,  depends  less  upon  mean  tempe- 
rature than  upon  direct  light  and  the  serenity 
of  the  atmosphere ;  but  wheat  will  not  ripen 
if  the  mean  temperature  descend  to  47.6°. 

Europe  may  be  regarded  as  the  western 
part  of  a  great  continent,  and  subject  to  all 
those  influences  which  make  the  western  sides 
of  all  continents  warmer  than  the  eastern. 
The  same  cUfference  that  we  observe  on  the ' 
two   sides  of  the    Atlantic,   exists  on   the 
two  sides  of  the  Fteific.     In  the  north  of 
China,  the  extremes  of  the  seasons  are  much 
more  felt  than  in  the  same  latitudes  in  New 
California,  and  at  the  mouth  of  the  Colum- 
bia.    On  the  eastern  side  of  North  America, 
we  have  the  same  extremes  as  in  China :  New 
York  has  the  summer  of  Rome,  and  the 
winter  of  Copenhagen ;  Quebec  has  the  sum- 
mer of  Paris,  and  the  winter  of  Petersburgh. 
And  in  the  same  way  in  Pekin,  which  has 
the  mean  temperatiure  of  Britain,  the  heats  of 
summer  are  greater  than  those  at  Cairo,  and 
the  cold  of  wintfer  as  severe  as  that  at  UpsaL 
This  analogy  between  the  eastern  coasts  of 
Asia  and  of  America  sufficiently  proves,  that 
the  inequalities  of  the  seasons  depeqd  upon  the 
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prolongation  and  enlargement  of  'the  conti- 
nents towards  the  pole,  and  upon  the  fre- 
quency of  N.W.  winds,  and  not  upon  the 
proximity  of  any  elevated  tracts  of  country. 

Ireland,  says  Humboldt,  presents  one  of 
the  most  remarkable  examples  of  the  combi- 
nation of  very  mild  winters  with  cold  sum- 
mers: the  mean  temperature  in  Hungary 
for  the  month  of  August  is  71.6° ;  while  in 
Dublin  it  is  only  60.8°.  •  In  Belgium  and 
Scotland,  the  winters  are  milder  than  at  Mi- 
lan. 

In  the  article  Climate,  Supplement  to  the 
Encyclopedia  Britannica,  the  following  sim- 
ple rule  is  given  for  determining  the  change 
of  temperature  produced  by  sudden  rarefac- 
tion or  condensation  of  air.  Multiply  25  by 
the  difference  between  the  density  of  air  and 
its  reciproctUf  the  product  will  be  the  difference 
^temperature  on  the  centigrade  sceUe.  Thus, 
if  the  density  be  twice,  or  one  half  25°,  X 
(2  —  4)  =  3H<*  cent.  =s  67.5°  Fahr.  indi- 
cates the  change  of  temperature  by  doubling 
the  density  or  rarity  of  air.  Were  it  condens- 
ed 30  times,  then,  by  this  formula,  we  have 
74d^  for  the  elevation  of  temperature,  or  25° 
(30° — 3^).  But  M.  Gay  Lussac  says,  that 
a  condensation  of  air  into  one>fifUi  of  its  vo- 
lume, is  sufficient  to  ignite  tinder ;  a  degree 
of  heat  which  he  states  at  300°  centigrade  ^ 
572°  Fahr.  (Journal  of  Science,  vol.  vii. 
p.  177.)  Hiis  experimental  result  is  incom- 
patible wi A  Professor  Leslie^s  formula,  which 
gives  only  112.5°  for  the  heat  produced  by  a 
condensation  into  one-fifth. 

It  appears  very  probable,  that  the  climates 
of  European  countries  were  more  severe  in 
ancient  times  than  they  are  at  present  Caesar 
says,  that  the  vine  could  not  be  cultivated  in 
Gaul,  on  account  of  its  winter-cold.  The 
rein-deer,  now  found  only  in  the  zone  of  Lap- 
land, was  then  an  inhaUtant  of  the  Pyrenees. 
The  Tiber  was  frequently  frozen  over,  and 
the  ground  about  Rome  covered  with  snow 
for  several  weeks  together,  which  almd^t 
never  happens  in  our  times.  The  Rhine  and 
the  Danube,  in  the  reign  of  Augustus,  were 
generally  frozen  over  for  several  months  of 
winter.  The  barbarians  who  overran  the 
Roman  empire  a  few  centuries  afterwards, 
transported  their  armies  and  waggons  across 


the  ice  of  these  rivers.  The  improvement 
that  is  continually  taking  place  in  the  climate 
of  America;  proves,  that  the  power  of  man 
extends  to  phenomena,  which,  from  the  mag- 
nitude and  variety  of  their  causes,  seemed 
entirely  beyond  his  controul.  At  Guiana,  in 
South  America,  within  five  degrees  of  the 
line,  the  inhal)itants  living  amid  immense 
forests,  a  century  ago,  were  obliged  to  alle- 
viate  the  severity  of  the  cold  by  evem'ng  fires. 
Even  the  duration  of  the  rainy  season  has 
been  shortened  by  the  clearing  of  the  coun- 
try ;  and  the  warmth  is  so  increased,  that  a 
fire  now  would  be  deemed  an  annoyance. 
It  thunders  continually  in  the  woods,  rarely 
in  the  cultivated  parts. 

Drainage  of  the  ground,  and  removal  of 
forests,  however,  cannot  be  reckoned  among 
the  sources  of  the  increased  warmth  of  the 
Italian  winters.  Chemical  writers  have  omit- 
ted to  notice  an  astronomical  cause  of  the 
progressive  amelioration  of  the  climates  of 
the  northern  hemisphere.  In  consequence 
of  the  apogee  portion  of  the  terrestrial  orbit 
being  contained  between  our  vernal  and 
autumnal  equinox,  our  summer  half  of  the 
year,  or  tlie  interval  which  elapses  between 
the  8un*s  crossing  the  equator  in  spring  and 
in  autumn,  is  about  seven  days  longer  than 
our  winter  half-year.  Hence,  also,  one  rea- 
son for  the  relative  coldness  of  the  southern 
hemisphere. 

Isothermal  Bands,  and  Distribution  of  Heat 
over  the  Globe, 
The  temperatures  are  expressed  in  degrees 
oT  Fahrenheit's  thermometer ;  the  longitudes 
are  counted  from  east  to  west,  from  the  first 
meridian  of  the  observatory  of  Paris.  ITie 
mean  temperatures  of  the  seasons  have  been 
calculated,  so  that  the  months  of  December, 
January,  and  February,  fonn  the  mean  tem- 
perature of  the  winter.  TTie  mark  •  is  pre- 
fixed  to  those  places,  the  mean  temperatures 
of  which  have  been  determined  with  tlie  most 
predsion,  generally  by  a  mean  of  8000  ob- 
servations. The  isothermal  curves  having  a 
concave  summit  in  Europe,  and  two  convex 
summits  in  Asia  and  Eastern  America,  the 
climate  is  denoted  to  which  the  individual 
places  belong:—- 
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CLINKSTONE.  A  ttODe  of  an  imper- 
fectly  slaty  structure,  which  rings  like  nietai 
when  struck  with  a  hammer.  Its  colour  is 
grey  of  Tarious  shades ;  it  is  brittle ;  as  hard 
as  felspar,  and  translucent  on  the  edges.  It 
occurs  in  columnar  and  tabular  concretions. 
Sp.  gr.  2.57.  Fuses  easily  into  a  neariy  co- 
lourless glass.  Its  constituents  are,  57.25 
silica,  25.5  alumina,  2.75  lime,  8.1  soda, 
3.25  oxide  of  iron;  0.25  oxide  of  manganese^ 
and  3  of  wtitar.^iriaproth.  Thw  stone  ge- 
nerally rests  on  basalt  It  occurs  in  the 
Ocfail  and  Pentland  hills,  the  Bass-rock,  the 
islands  of  Mull,  Larolash,  and  Islay,  in  Scot- 
land ;  the  Breidden  hills  in  Montgomeryshire, 
and  in  the  Devis  mountain  in  the  county  of 
Antrim.  It  is  found  in  Upper  Lusace  and . 
Bohemia.  * 

CLINOMETER.  An  instrument  for 
measuring  the  dip  of  mineral  strata.  It  was 
originally  invented  by  R.  Griffitli,  Esq.  Pro- 
fiessor  at  Geology  totfae  Dublin  Society,  and 
subsequently  modified  by  Mr  Jardine  and 
Lord  Webb  Seymour.  See  a  description 
and  drawing  by  the  latter,  in  the  third  vo- 
lume of  the  Geological  Transactions.  Lord 
Webb's  instrument  was  a  yery  perfect  one. 
It  was  made  by  that  unrivalled  artist,  "Mx 
Trottghton. 

CLO  LTD.  A  mass  of  vapour,  more  or  less 
opaque,  formed  and  sustained  at  considerable 
heights  in  the  atmosphere,  probably  by  the 
joint  agencies  of  heat  and  electricity.  The 
first  successful  attempt  to  arrange  the  diver- 
sified forms  of  clouds  under  a  few  general 
modifications,  was  made  by  Luke  Howard, 
Esq.  We  shall  give  here  a  brief  account  of 
his  ingenious  classification. 

The  iimjde  modifications  are  thus  named 
and  defined:— 1.  Cirmsg  parallel,  flexuous, 
or  diverging  fibres,  extensible  in  any  or  in  all 
directions.  2.  Cumulus;  convex  or  coni- 
cal heaps,  increasing  upwards  from  a  hori- 
Eontal  base.  3.  Stratus ;  a  widely  extended, 
continuous  horizontal  sheet,  increasing  from 
below. 

The  inlermediate  modifications  which  re- 
quire to  be  noticed  are, — 4h  Cirro'cumulu* ; 
small  well-defined  roundish, masses,  in  close 
horizontal  arrangement  5.  Cirro'Stratus ; 
horizontal,  or  slightly  inclined  masses,  atte- 
nuated towards  a  part  or  the  whole  of  their 
circumference,  benf  downward,  or  undulate<^, 
separate  or  in  groups,  consisting  of  small 
clouds  having  these  characters. 

Hie  comjmunU  modifications  are»-^.  Ca- 
mtUo^straius ;  the  cirro-stratus,  blended  with 
the  cumulus,  and  either  appearing  intermixed 
with  the  heaps  of  the  latter,  or  superadding  a 
wide-spread  structure  to  its  base. 

7.  Cutnfilo^irro^raiut,  vel  Nimbus;  the 
rain  cloud :  A  cloud  or  system  of  clouds 
frcnn  which  rain  is  falling.  It  is  a  horizon- 
tal sheet,  above  which   the  cirrus  spreads. 


while  the  cumulus  enten  it  latcnlly   and 
from  beneath. 

The  cimis  appears  to  have  the  least  den- 
sity, the  greatest  elevation,  the  greatest  variety 
of  extent  and  direction,  and  to  appear  earliest 
on  serene  weather,  being  indicated  by  a  few 
threads  pencilled  on  the  sky.  Before  storms 
they  appear  lower  and  denser,  and  usually  in 
the  quarter  opposite  to  that  from  which  the 
'Storm  arises.  Steady  high  winds  are  also 
preceded  and  attended  by  cirrus  streaks,  run- 
ning quite  across  the  sky  in  the  direction  they 
blow  in. 

The  cumulus  has  the  densest  structure,  b 
formed  in  the  lower  atmosphere,  and  moves 
along  with  the  current  next  the  earth.  A 
small  irregular  spot  first  appears,  and  is,  as 
it  were,  the  nucleus  on  which  they  increase. 
The  lo^er  surface  continues  irregularly  plane, 
while  the  upper  rises  into  conical  or  hemis- 
pherical heaps ;  whidi  may  aflerwards  .con- 
tinue long  nearly  of  the  same  bulk,  or  rapidly 
rise  into  mountains.  They  will  begin,  in  fair 
weather,  to  form  some  hours  aAer  sunrise, 
arrive  at  their  maximum  in  the  hottest  part 
of  tlie  afternoon,  then  go  on  diminishing,  and 
totally  disperse  about  sunset  Prerious  to 
rain,  the  cumulus  increases  rapidly,  appears 
lower  in  the  atmosphere,  and  vrith  its  surface 
full  of  loose  fleeces  or  protuberances.  The 
formation  of  large  cumuli  to  leeward  in  a 
strong  wind,  indicates  the  approach  of  a  calm 
with  rain.  When  they  do  not  disappear  or 
subside  about  sunset,  but  continue  to  rise» 
thunder  is  to  be  expected  in  the  night  llie 
stratus  has  a  mean  degree  of  density,  and  is 
the  lowest  of  clouds,  its  inferior  surface  com- 
monly resting  on  the  earth  or  water.  Thb 
is  properly  the  cloud  of  night  appearing 
about  sunset  It  comprehends  111  those 
creeping  mists,  which  in  calm  weather  ascend 
in  spreading  sheets,  (like  an  inundation  of 
water),  from  the  bottom  of  valleys,  and  the 
surfaces  of  lakes  and  rivers.  On  the  return 
of  the  sun,  the  level  surfiice  of  this  cloud  be- 
gins to  put  on  the  appearance  of  cumulus,  the 
whole  at  the  same  time  separating  from  the 
ground.  The  continuity  is  next  destroyed, 
and  the  cloud  ascends  and  evapohites,  or 
passes  off  with  the  appearance  of  the  nascent 
cumulus..  This  has  long  been  experienced 
as  a  prognostic  of  fair  weather. 

liie  cirrus  having  continued  for  some 
time  increasing  or  stationary,  usually  passes 
either  to  the  cirro-cumulus  or  the  drro- 
siratus,  at  the  same  time  descending  to  a 
lower  station  in  the  atmosphere.  This  mo- 
dification forms  a  very<beautiful  sky ;  is  fre- 
quent in  summer,  an  attendant  on  warm  and 
dry  weather.  Tlie  cirr<h-stratus,  when  seen 
in  the  distance,  frequently  gives  the  idea  of 
shoals  of  fish.  It  precedes  wind  and  rain ; 
is  seen  in  the  intervals  of  storms ;  and  some- 
times alternates  with  the  cirro-cumulus  in  the 
same  cloud,  when  the  diflTerent  evolutions 
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•form  a  cmioiis  ai^ectaclck  A  judgment  may 
be  fonned  of  the  weather  likely  to  emue,  by ' 
ofaMnring  which  modificatioD  prevails  at  last. 
The  solar  and  lunar  Ao/of,  as  well  as  .the 
parhelion  and  paraselene,  (mock  sun  and 
mock  moon),  prognostics  of  foul  weather, 
are  occasioned  by  this  doud.  The  cumulo- 
•ttatus  precedes,  and  the  nimbus  accompanies 
fain.     See  Rain. 

Mr  Howard  gives  a  view  of  the  origin  of 
clouds*  which  will  be  found  accompanied  with 
many  useful  remarks,  in  the  16th  and  17th 
volumes  of  the  Fbilos.  Magazine. 

CLUB-MOSS.  Lyeepodium  clatatum. 
Hie  minute  seeds  of  this  are  very  combus- 
tible. When  a  handful  of  them  is  thrown 
across  a  flame,  they  bum  explosively;  and 
are  therefore  used  in  theatres  to  imitate  the 
appearance  of  lightning.  By  Buchols's  ana- 
lysis, they  contain  a  fixed  oil  soluble  in  al- 
cohol, sugar,  and  mucilaginous  extract,  be- 
sides insoluble  matter. 

CLYSSCJS.     A  word  formerly  used  to 

denote  the  vapour  produced  by  the  detona- 

.  tion  of  nitre  with  any  inflammable  substance. 

COAK.  Coal  is  charred  in  the  same 
manner  as  wood  to  convert  it  into  charcoaL 
.An  oblong  square  hearth  is  prepared  by 
heating  the  earth  to  a  firm  flat  surface,  and* 
puddling  it  over  with  clay.  On  this  the 
pieces  of  coal  are  piled  up,  inclining  toward 
one  another ;  and  those  of  the  lower  stnta 
are  set  up  on  their  acutest  angles  so  as  to 
touch  the  ground  with  the  least  surface  pos- 
sible. The  piles  are  usually  from  30  to  50 
inches  high,  from  9  to  16  fleet  broad,  and 
contain  from  40  to  100  tons  of  coal.  A 
number  of  vents  are  left,  readiing  from  top 
to  bottom,  into  wbtdi  the  burning  fuel  is 
thrown,  and  tb6y  are  then  immediately  clos- 
ed with  small  pieces  of  coal  beaten  hard  in. 
Hius  the  kindled  fire  is  forced  to  qreep  along 
the  bottom,  and  when  that  of  all  the  vents 
ia  united,  it  rises  gradually,  and  bursts  out 
on  every  side  at  once.  If  the  coal  contain 
I^rites,  the  combustion  is  allowed  to  continue 
a  considerable  time  after  the  disappearance  of 
the  smoke,  to  extricate  the  sulphur,  part  of 
which  will  be  found  in  flowers  on  the  sur- 
face :  If  it  contain  none^  die  fire  is  covered 
up  soon  after  the  smoke  disappears,  begin- 
ning at  the  bottom  and  proceeding  graflually 
to  the  top.  In  50,  60,  or  70  hours,  the  fire 
ia  in  general  completely  covered  with  tlie 
ashes  of  char  formerly  made,  and  in  12  or 
14  days  the  coak  may  be  removed  for  use. 
In  this  way  a  ton  of  coals  commonly  pro- 
duces from  700  to  1 100  pounds  of  coak. 

In  this  way  the  volatile  products  of  the 
coal,  boweverj  which  might  be  turned  to 
good  account,  are  lost :  but  some  years  ago 
Lord  Dundonaid  conceived  and  carried  into 
effect  a  plan  for  saving  them.  By  burning 
the  coal  in  a  range  of  18  or  20  stoves,  with 
aa  little  access  of  air  as  may  be  at  the  bot- 


tom; and  conducting  the  moke,  through 
proper  horixontal  tunnels,  to  a  capadous 
dose  tunnel  100  yards  or  more  in  length, 
built  of  brick,  supported  on  brick  arches, 
and  covered  on  the  top  by  a  shallow  pond  of 
water ;  the  bitumen  is  condensed  in  the  form 
of  tar.  120  tons  of  coal  yield  about  3^  of 
tar,  though  some  coals  are  said  to  be  so  bi- 
tuminous as  to  aflbrd  •§  of  their  weight  Part 
of  the  tar  is  inspissated  into  pitdi,  21  barrels 
of  which  are  made  of  28  of  tar ;  and  the  vo- 
latile parts  arising  in  this  process  are  con- 
densed into  a  varnish,  used  for  mixing  with 
colours  for  out>door  painting  chiefly.  A 
quantity  of  ammonia  too  is  collected,  and 
used  for  nudung  sal  ammoniac  The  cakes 
thus  made  are  likewise  of  superior  quality. 

COAL.  This  very  important  order  of 
combustible  minerals,  is  divided  by  Professor 
Jameson  into  the  following  species  and  sub- 
species:"^ 

Species  1.  Brown  coal,  already  described. 

Species  2.  Black  coal,  of  which  there  are 
four  sub*species ;  slate  coal,  cannel  coal,  fo- 
liated coal,  and  coarse  coal. 

1.  Slate  coaL  Its  colour  is  intermediate 
between  velvet-black  and  dark  greyish-black. 
It  has  sometimes  a  peacock-tail  tarnish.  It 
occurs  massive,  and  in  columnar  and  egg- 
shaped  concretions.  It  has  a  resinous  lustre. 
Principal  fracture,  slaty  ;  cross  fracture,  im- 
perfect conchoidal.  Harder  than  gypsum, 
but  softer  than  calcareous  spar.  Brittle.  Sp. 
gr.  1.26  to  r.38b  It  bums  longer  than  can- 
nel coal,  cakes  more  or  less,  and  leaves  a 
slag.  The  constituents  of  the  slate  coal  of 
Whitehaven,  by  Kirwan,  are  56.8  carbon, 
with  43.2  mixture  of  asphalt  and  maltha,  in 
vrhich  the  former  predominates.  This  coal 
is  found  in  vast  quantities  at  Newcastle ;  in 
the  coal  formation  which  stretches  from  Bol- 
ton, by  Allonby  and  Workington,  to  White- 
haven :  In  Scotland,  in  the  river  district  of 
Forth  and  Clyde;  at  Cannoby,  Sanquhar, 
and  Kirconnel  in  Dumfries-shire :  in  lliu- 
ringia,  Saxony,  and  many  other  countries  of 
Germany.  It  sometimes  passes  into  cannel 
and  foliated  coal. 

2.  Cannel  CinU>  Colour  between  velvetand 
greyish-black.  Massive.  Resinous  lustre. 
Fracture,  flat-conchoidal  or  even.  Fragments 
trapesoidal.  Hardness  as  in  the  preceding 
sub-species.  Brittle.  Sp.  gr.  1.23  to  1.27. 
It  occurs  along  with  the  preceding.  It  is 
found  near  Whitehaven,  at  Wigan,  in  Lanca- 
shire ;  Brosely,  in  Shropshire^  near  Sheffield ; 
in  Scotland,  at  CMImerton  and  Muirkirk, 
where  it  is  called  parrot  coal.  It  has  been 
worked  on  the  lathe  into  drinking  vessels, 
snuff-boxes,  &c. 

3.  Foliated  Coal,  Its  colour  is  velvet- 
.black,  sometimes  with  iridescent  tarnish. 
Massive,  and  in  lamellar  concretions.  Re- 
sinous or  splendent  lustre ;  uneven  fracture ; 
fragments  approaching  to  trapezoidaL    Softer 
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than  caanel  ooftl ;  between  brittle  and  sectile. 
Easily  broken.  Sp.  gr.  1.34  to  l.i.  Tbe 
Whitebaven  variety  oomistSy  by  Kirwao,  of 
67  carbon,  41.3  bitumen,  and  1.7  ashca. 
It  occurs  in  tbe  coal  formations  of  this  and 
other  countries.  It  is  distinguished  by  its 
lamellar  ooncretions,  qplendent  lustre,  and 
easy  'frangibiKty. 

4.  CoarteCoaL   Colour  dark  greyish-black, 
inclining  to  brownisb-black.     Massive,  and 
in  granular  concretions.     Glistening  lustre. 
Fracture,  imperfect  scaly.     Fragments,  in- 
.  determinate  angular.     Hardness  as  above. 
Easily  frangible.    Sp.  gr.  1.454b     It  occurs 
in  the   German  coal  formations.     To  the 
above.    Professor  Jameson   has  added  iooi 
coal;  which  has  a  dark  greyihh-black  colour; 
is  massive ;  with  a  dull  semi-meudlic  lustre. 
•Frscture  uneven  ;  sometimes  earthy.     Shin- 
ing streak ;  soils ;  is  soft,  light,  and  easily 
frangible.    It  burns  vrith  a  bituminous  smell, 
cakes,  and  leaves  a  small  quantity  of  ashes. 
It  occurs  along   with   slate-coal  in  West- 
Lotliian  and  the  Forth  district;  in  Saxony 
and  Silesia. 

•  Species  3d.  Glance-coaly  of  which  the  Fh>- 
fessor  ^ves  two  sub-species,  pitch-coal  and 
^  glance-coal.  1.  Pitch-coal.  Colour  vd  vet- 
black.  Massive,  or  in  plates  and  botroidal 
branches,  with  a  woody  teiture.  Splen- 
dent and  resinous.  Fracture  large,  perfect 
,  condioidal.  Fragments  sharp-ed^d  and  in- 
determinate angular;  opaque;  soft;  streak 
brown-coloured.  Brittle.  Does  not  soil. 
Sp.  gr.  1.3b  It  burns  with  a  greenish  flame. 
It  occurs  along  with  brown  coal  in  beds,  in 
floetz,  trap,  and  limestone  rocks,  and  in  bi- 
tuminous shale.  It  is  found  in  the  isles  of 
Sky  and  Faroe ;  in  Hessia,  Bavaria,  Bohe- 
mia, and  Stiria.  It  is  used  for  fuel,  and  for 
making  vessels  and  snuff-boxes.  It  is  called 
black  amber  in  Pftissia,  and  is  cut  into  ro- 
saries and  necklaces.  It  is  distinguished  by 
its  splendent  lustre  and  conchoidal  fracture. 
It  was  formerly  called  ^r,  from  the  river 
Gaga  in  Lesser  Asia. 

2.  GtancC'Coali  of  wliich  we  have  four 
kinds,  conchoidal,  slaty,  columnar,  and  fi- 
brous. Hie  conchoidal  has  an  iron-black 
colour,  inclining  to  brown,  with  sometimes 
a  tempered  steel  tarnish.  Massive  and  ve- 
sicular. Splendent,  shining  and  imperfect 
metallic  lustre.  FVacture  flat  conchoidal ; 
.  fragments  sharp-edged.  Hardness  as  above. 
Brittle^  and  easily  frangible.  In  thin  pieces 
it  yields  a  ringing  sound.  It  burns  without 
flame  'or  smell,  and  leaves  a  white-coloured 
ash.  Its  constituents  are,  96.66  inflammable 
matter,  2  alumina,  and  1.38  silica  and  iron. 
It  occurs  in  beds  in  clay-slate,  grey-wacke, 
and  alum-slate ;  but  it  is  more  abundant  in 
secondary  rocks^  as  in  coal  and  trap  foitn^- 


tions.  It  occnn  in  beds  in  the  coal  fanii». 
tions  of  Ayrshire,  near  Cumnock  and  Kil- 
mamock ;  in  the  coal  district  of  the  Forth ; 
and  in  Suiffotdshire.  It  appean  to  paas  into 
slaty  glance-coaL 

Slaty  gtance-cooL  Colour  iron-black.  Mas- 
sive. Lustre  shining,  and  imperfect  metallic 
Principal  fracture  alaty;  coarse  ftacture,  im- 
perfect conchoidaL  Fragments  trapexoidaL 
Softer  than  conchoidal  glance-coaL  Easily 
frangible ;  between  sectile  and  brittle.  Sp. 
gr.  1.50.  It  burns  vrithout  flame  or  odour. 
It  consists,  by  Dolomieu,  of  72.0.5  carbon, 
iai9  silica,  a29  alumina,  a47  oxide  of 
iron,  and  8  loss.  It  occura  in  beds  or  veins 
of  different  rocks.  In  Spain,  in  gneiss ;  in 
Switxerland,  in  mica-slate  and  clay- slate ;  in 
the  trap  rock  of  the  Calton-hill,  Edinbui^; 
in  the  coal  formations  of  the  Forth  district 
It  is  found  also  in  the  floeu  districts  of  WesU 
craigs  in  West-Lothian,  Dunfermline,  Cum- 
nock, Kilmarnock,  and  Arran ;  in  Breck- 
nock, Caermarthenshire,  and  Pembrokeshire, 
in  England ;  and  at  Kilkennys  Ireland ;  and 
abundantly  in  tbe  United  States.  In  this 
country  it  is  called  blind  ooaL 

Columnar  glance-coat,  Cokwr  velvet-black 
and  greyish-black.  Massive,  disseminated, 
'  and  in  prismatic  concretions.  Lustre  glis- 
tening, and  imperfect  metallic.  Fracture 
conchoidal.  Fragments  sharp-edged.  Op- 
aque. Brittle.  1^.  gr.  1.4w  It  bums  with- 
out flame  or  smoke.  It  forms  a  bed  several 
feet  thick  in  the  coal-field  of  Sanquhar  in 
Dumfries-shire ;  at  Saltcoats,  in  Ayrshire^  it 
occura  in  beds  and  in  greenstone;  in  basaltic 
columnar  rows  near  Cumnock  in  Ayrshire. 

Fibrous  Coal,  Colour  dark  greyish -black. 
Massive,  in  thin  layers,  and  in  fibrous  con- 
•cretions.  Lustre  glimmering,  or  pearly*  It 
soils  strongly.  It  is  soft,  passing  into  fnaUc. 
It  bums  without  flame ;  but  some  varieties 
scarcely  yield  to  the  most  intense  heat.  It  is 
met  with  in  the  different  coal-fields  of  Great 
Britain.  Its  fibrous  concretions  and  silky 
lustre  distinguish  it  from  all  the  other  kinds 
of  coal. 

It  is  not  certain  that  this  mineral  is  wood 
mineralised.  Several  of  the  varieties  may  be 
original  carbonaceous  matter,  crystallised  in 
fibrous  concretions.— Jameaon. 

ParU  CharooaL    Earth. 

100  KUkenny  coal  contain    97.3        a7 

Anthplunte,  -        90.0  laO 

Ditto,  -        -       72.0  20,0 

Ditto,        -  -       97.25      2.7 

Coal  of  Notre  Dame  de  Vaux,  7a5  2a 

Hie  following  table  exhibits  tl^e  results  of 
Mr  Mushet*s  experiments  on  the  caifooniia- 
tion  and  incineration  of  coals:-* 


COAL. 


341 


COAL. 


• 

Volatile 

CbarcoaL 

Asbei. 

Sixgr.  of 

Sp.gr.  of 

matter. 

ooal. 

ooak. 

Welsh  furnace  cool, 

8.50 

8a068 

a432 

1.337 

1. 

Alfreton  do.      da 

45.50 

52.456 

2.044 

1.235 

less  tlmn  1. 

Butteriy  da      da 

42.83 

52.882 

4.288 

1.264 

1.1 

Welsh  stone      da 

aoo 

89.700 

2.300 

1.368 

1.39 

Welsh  slaty       do. 

9.10 

84.175 

6.725 

1.409 

47.00 

4a362 

4.638 

1.278 

Kilkenny  coal, 

4.85 

92.877 

2.873 

1.602 

1.657 

Stone-coal  found  under  basalt, 

16.66 

69.74 

ia600 

Kilkenny  slaty  coal, 

laoo 

80.475 

&525 

1.443 

Scotch  cannel  coal, 

56.57 

39.430 

4.000 

Bonlavooneen  da             ^ 

laso 

82.960 

a  240 

1.436 

1.596 

Corgee  coal,                      V  Irish, 

9.10 

87.491 

a409 

1.403 

1.656 

Queen's  County,  Na  39.  3 

10.30 

86.560 

ai4o 

1.403 

1.622 

Stone  wood,  Giant*8  Causeway, 

33.37 

54u697 

11.933 

1.150 

Oak  wood, 

80.00 

19.500 

0.500 

• 

It  was  Temarked  long  ago  by  Macquer, 
that  nitre  detonates  with  no  oily  or  inflam- 
nable  matter,  until  such  matter  is  reduced  to 
eoal,  and  then  only  in  proportion  to  the  car- 
bonaceous matter  it  contains.  Hence  it  oc- 
anred  To  Mr  Kirwan,  that  as  coals  appear 
in  distillation  to  be  for  the  most  part  merely 
compounds  of  carbon  an^  bitumen,  it  should 
IbUow,  that  by  the  decomposition  of  nitre, 
the  quantity  of  carbon  in  a  given  quantity  of 
every  spedes  of  coal  may  be  discovered,  and 
the  proportion  of  bitumen  inferred.  Tliii 
celebrated  chemist  accordingly  projected  on 
a  certain  portion  of  nitre  in  a  state  of  fusion, 
successive  fngments  of  various  kinds  of  coal, 
till  the  deflagration  ceased.  Coal,  when  in 
Jine  powder,  was  thrown  out  of  the  crucible. 
Tbe  experiments  seem  to  liave  been  judi- 
ciously performed,  and  the  results  are  there- 
fore entitled  to  as  much  confidence  as  the 
method  permits.  Lavoisier  and  Kirwan  state, 
that  about  13  parts  of  dry  wood  charcoal 
decompose  100  of  nitre. 

KM)  parts     ChareoaL  Bitinnen.        £aith.  8p.gr. 
Kilk.  coal,     97.3  0  a7    .1.526 

Com.  cannel,  75.2  21.68  maltha  ai  1.232 
Swansey,  73.53  2ai4mixt.  a33  1.357 
JLeitrim,  71.43  2a37  da  5.20  1.351 
Wigan,  61.73  36.7  da  1.57  1.268 
NewcasUe,  58.00  40.0  da  —  1.271 
Whitehaven,  57.0    41.3  1.7     1.257 

Slaty  cannel,  47.62  32.52  mal.  20.0  1.426 
Asphalt,  31.0  6a0  bitumen  —  1.117 
Maltha,  aO  -^  2.07 

100  parts  of  the  best  English  coal  give, 

of  coak,  -  63,  by  Mr  Jars, 

too    da       -  .'        73,  Hielm. 

100    da  Newcastle  da  58,  Dr  Watson. 

•Mr  Kirwan  says  he  copied  the  result,  for 
Newcastle  coal,  from  Dr  Watson. 

By  my  analysis,  splent  coal  yielded,  in  100 
parts,  7a9  carbon,  4.3  hydrogen,  and  248 
oxygen;   and  cannel  coaly   72.22   carbon, 


a93  hydrogen,  and  21.05  oxygen,  with  2.8 
azote. 

Karsten,  in  his  observations  on  coal,  states 
the  constituents  of  Newcastle  coal  as  follows : 
--Carbon  84. 26,  hydrogen  a2,oxygen  1 1.66, 
earthy  parts  0.86a  State  coal  (splent  coal) 
consists,  by  Karsten's  analysis,  of  carbon 
73.88,  hydrogen  2.765,  oxygen  20.475, 
ashes  2.88,  in  100.  Cannel  coal  he  gives  at 
carbon  74.47,  hydrogen  5.42,  oxygen  19.61, 
ashes  0.5;  results  which  do  not  difier  much 
from  mine.  Some  chemists  profess  to  give 
analyses  of  coal  containing  almost  no  oxygen; 
—an  obvious  fallacy,  since  abundance  of 
water  is  produced  in  the  igneous  decomposi- 
tion of  coals  on  the  great  scale. 

The  foliated  or  cubical  coal,  and  slate  coal^ 
are  chiefly  used  as  fuel  in  private  houses ;  the 
caking  coals,  for  smithy  foi^ges;  the  slate 
ooal,  from  its  keeping  open,  answers  best  for 
giving  great  heats  in  a  wind  furnace,  as  in 
distillation  on  tbe  great  scale;  and  glance 
coal  is  used  for  drying  grain  and  malt.  Hie 
ooak  of  South  Wales  contain  less  volatila 
matter  than  either  the  English  or  the  Scotch  ; 
and  hence,  in  equal  weight,  produce  a  double 
quantity  of  cast-iron  in  smelting  the  ores  of 
this  metal.  It  is  supposed  that  3  parts  of 
good  Newcastle  coals  are  equivalent,  as  fue]» 
to  4  parts  of  good  Scoteh  /»als. 

Werner  has  ascertained  three  distinct  coal 
formations,  without  including  tbe  beds  of 
coal  found  in  sandstone  and  limestone  forma- 
tions. The  first  or  oldest  formation,  he  calls 
the  independent  coal  formation,  because  the 
individual  depositions  of  which  it  is  compos- 
ed are  independent  of  each  other,  and  are 
not  connected.  The  second  is  that  which 
occurs  in  the  newest  floetz-trap  forroatidn; 
and  the  third  occurs  in  alluvial  land.  Wer- 
ner observes,  that  a  fourth  formation  might 
be  added,  which  would  comprehend  peat  and 
other  similar  substances ;  so  that  we  would, 
have  a  beautiful  >ind  uninterrupted  series, 
from  the  oldest  formation  to  the  peat  which, 
is  daily  forming  under  the  eye.    . 
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The  independent  foimation  conUuns  ex- 
clusivdy  coarse  coal,  foliated  coal,  cannel 
coal,  slate  ooal,  a  kind  of  pitch  coal,  and 
slaty  glance  coaL  The  latter  was  first  fbuDd 
in  this  fonoation  in  Arran,  Dumfrie»-shire^ 
Ayrshire,  and  at  Westcraigs,  by  Professor 
Jameson*  llie  formation  in  the  newest  floetz- 
trap  contains  distinct  pitch  coal,  columnar 
coal,  and  conchoidal  glance  coal.  Tlie  allu- 
iriai  formation  contains  almost  exclusiTely 
earth  coal  and  bituminous  wood.  The  first 
formation,  besides  coal,  contains  three  rocks 
which  are  peculiar  to  it :  these  are  a  conglo- 
merate, which  is  more  or  less  ooarse-gprained ; 
a  friable  sandstone,  which  is  always  micace- 
ous; and,  lastly,  slate-clay.  But,  besides 
these,  there  occur  also  beds  of  harder  sand- 
stone, marl,,  limestone,  porphyritic  stone, 
bituminous  shale,  clay-ironstone ;  and,  as  dis- 
coTered  by. Professor  Jameson,  greenstone, 
amygdaloid,  and  graphite.  The  slate-clay  is 
well  characterized  by  the  great  variety  of 
vegetable  impressions  of  sudi  plants  as 
flourish  in  marshes  and  woods.  The  snudler 
plants  and  reeds  occur  in  casts  or  impressions 
always  laid  in  the  direction  of  the  strata ;  but 
the  larger  aiiiorescent  plants  often  stand  erect, 
and  their  stems  are  filled  with  the  substance 
of  the  superincumbent  strata,  which  seems 
to  show  that  these  stems  are  in  their  original 
position,  llie  leaves  and  stems  resemble 
those  of  palms  and  ferns.  The  central,  nor- 
thern, and  western  coal  mines  of  England ; 
the  river  coal  districts  of  the  Forth  and  the 
Clyde,  and  the  Ayrshire,  and  in  part  the 
Dumfries-shire  coals,  belong  to  this  forma- 
tion, as  well  as  the  coals  in  &e  northern  and 
western  parts  of  France. 

By  far  the  most  valuable  and  extensive 
beds  of  coal  which  have  been  found  and 
wrought  are  in  Great  Britain.  The  general 
form  of  our  great  independent  coal-beds  is 
semi-circular  or  semi-elliptical,  being  the 
segment  o'f  a  great  basin.  The  strata  have 
a  dip  or  declination  to  the  horizon  of  from 
1  in  5  to  1  in  SO.  They  are  rarely  vertical, 
and  seldom  perfectly  horizontal  to  any  con- 
siderable extent  Slips  and  dislocations  of 
the  strata,  however  derange  more  or  less  the 
general  form  of  the  basin.  '  ' 

Thos^  who  wish  to  understand  the  most 
improved  modes  of  working  coal  mines,  will 
be  amply  gratified  by  consulting,  j1  Report 
on  the  Leinsler  Coal  Diitricty  by  Richard 
Grifiith,  Esq.  Professor  of  Geology,  and 
Mining  Engineer  to  the  Dublin  Society.  The 
author  has  given  a  most  luminous  view  of 
Mr  Buddie's  ingenious  S3rstem  of  working 
and  ventilating,  in  which  from  7-8ths  to 
9-lOths  of  tlie  whole  coal  may  be  raised,  in- 
stead of  only  |,  which  was  the  proportion 
d>tained  in  the  former  modes. 

COAL  GA&  When  ooal  is  subjected  in 
dose  vessels  to  a  red  heat,  it  gives  out  a  vast 
quantity  of  gas,  which  being  collected  and 


purified,  is  capable  of  affoftttn^  abeaatiftil 
and  steady  light,  in  its  slow  combustion 
through  small  orifices.  Dr  Clayton  seenis 
to  have  been  the  first  who  performed  this  ex- 
periment with  the  view  of  artificial  iUomi- 
nation,  though  its  application  to  economical 
purposes  was  unaccountably  neglected  for 
about  60  years.  At  length  Mr  Murdoch,  of 
the  Soho  Foundry,  instituted  a  series  of  judi- 
cious experiments  on  the  extrication  of  gas 
from  ignited  coal;  and  succeeded  in  eati^ 
bibbing  one  of  the  most  capital  improvementa 
which  the  arts  of  life  have  ever  derived  from 
philosophical  research  and  sagacity. 

In  the  year  1798  Mr  Murdoch,  after  seve- 
ral trials  on  a  small  scale  five  years  before^ 
constructed,  at  the  foundry  of  Messrs  Bolton 
and  Watt,  an  apparatus  upon  a  lai^  scal^ 
which  during  many  successive  nights  waa 
applied  to  the  lighting  of  tl^r  principal 
building;  and  various  new  tbethods  werft 
practised  of  washing  and  purifying  the  gaa« 
In  the  year  1805  the  cotton-mill  of  Messn 
Philips  and  Lee,  reckoned  the  most  extenav* 
in  the  kingdom,  was  partly  lighted*  by  gas 
under  Mr  Murdoch's  direction ;  and  the  light 
was  soon  extended  over  the  whole  manufac- 
tory. In  the  same  year,  I  lighted  up  tfaa 
large  lecture-toom  of  Anderson's  Institutioii 
with  coal  gas,  generated  in  the  laboratory  i 
and  continued  the  illuminatioo  every  eveo* 
ing  through  that  and  the  succeeding  winter. 
Hence  I  was  induced  to  pay  particular  at- 
tention to  the  theory  and  practioe  of  its  [wo- 
duction  and  use. 

If  coal  be  put  into  a  cold  retort,  and  slowly 
exposed  to  heat,  its  bitumen  is  merely  vo]»-' 
tilized  in  the  state  of  condensable  tar.  Little 
gas,  and  that  of  inferior  illuminating  power, 
is  produced.  This  distillatory  temperature 
may  be  estimated  at  about  600^  or  1(XP  F. 
If  the  retort  be  previously  brought  to  a 
bright  cherry-red  heat,  then  the  coals,  the 
instant  after  their  introduction,  yidd  a  co- 
pious supply  of  good  gas,  and  a  moderate 
quantity  of  tarry  and  ammoniacal  vapour. 
But  when  the  retort  is  heated  to  neariy  a 
white  incandescence,  the  part  of  the  gas  rich- 
est in  light  is  attenuated  into  one  of  inferior 
quality,  as  I  have  shown  in  detailing  Ber> 
tboUet's  experiments  on  Cabbuilbtt£D  Hy- 
drogen. A  pound  of  good  cannel  coal, 
properly  treated  in  a  smsdl  apparatus,  will 
yield  5  cubic  feet  of  gas,  equivalent  in  illu- 
minating power  to  a  mouJd  candle  six  in  the 
pound.     See  Candle. 

On  the  great  scale,  however,  3f  cubic  feet 
of  good  gas  are  all  that  should  be  expected 
from  one  pound  of  ooal.  A  gas  jet,  which 
consumes  half  a  cubic  foot  per  hour,  affords 
a  steady  light  equal  to  that  of  the  above 
candle. 

According  to  Mr  Murdoch's  statement, 
presented  to  the  Royal  Society,  8500  cubic 
feet  of  gas  were  generated  in  Mr  Lee's  retort 
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ftemTcwtsTMlb^ofoHmclooiiL  This 
is  netriy  Sj-  cubic  ftct  ibr  every  pound  of' 
coal,  aad  indicates  judicious  management. 
l%e  price  of  the  best  Wigan  cannel  is  IS^d. 
per  cwL  (28s.  6d.  per  ton)  delivered  at  Mr 
Lee's  mill  at  Manchester;  or  about  8s.  for 
the  seven  hundred  weight  About  ^  of  the 
'above  quantity  of  good  common  coal,  at  lOs. 
per  too,  is  required  for  fuel  to  heat  the  re- 
torts. Nearly  y  of  the  weight  of  the  coal 
remains  in  the  retort  in  the  form  of  coak, 
which  is  sold  on  the  spot  at  Is.  4d.  per  cwt. 
The  quantity  of  tar  produced  from  each  ton 
of  cannel  coai,  is  from  II  to  12  ale  gallons. 
The  economical  statement  for  one  year  is 
given  by  Mr  Murdoch  thus  :— 

Cost  of  1 10  tons  of  cannel  coal,  L.  125 

Ditto  of  40  tons  of  common  ditto,  20 

L.14d 
Deduct  tiie  value  of  70  tons  of  coak,        93 


Tlie  annual  expenditure  in  coal,  with- 
out idlowing  any  thing  for  tar,  is 

And  the  interest  of  capital,  and  wear 
and  tear  of  apparatus, 

Making  the  total  annual  expense  of  the 
gas  apparatus  about 

'Hiat  of  candles  to  give  the  same  light. 

If  the  comparison  had  been  made  upon 
an  average  of  three  hours  per  day, 
of  two  hours,  (all  the  year 


L.52 

S50 

600 
2000 


round),  then  the  cost  from  gas  would 
be  only  .  -  L.650 

Ditto  can^Hes,  -  -  3000 

Hie  peculiar  softness  and  clearness  of  this 
light,  with  its  almost  unvarying  intendty, 
soon  brought  it  into  great  favour  with  the 
work-people.  And  its  being  free  from  the 
inconvenience  and  danger  resulting  from 
the  sparks  and  frequent  snuffing  of  candles, 
is  a  circumstance  of  material  importance, 
tending  to  diminish  the  hazard  of  fire,  and 
lessening  the  high  insurance  premium  on 
cotton-mills.  The  cost  of  the  attendance 
upon  candles  would  be  fuUy  more  than  upon 
the  gas  apparatus ;  and  upon  lamps  gr^tly 
more,  in  such  an  establishment  as  Mr  Lee's. 
The  preceding  statements  are  of  standard  , 
authority,  far  above  the  suspicion  of  empi- 
ricism or  exaggeration,  from  which  many 
subsequent  statements  by  gas>book  compilers 
are  by  no  means  exempt. 

At  tlie  same  manufactory,  Dr  Henry  has 
lately  made  some  useful  experiments  on  tlie 
quality  of  the  gas  disengaged  from  the  same 
retort  at  different  periods  of  the  decomposi- 
tion. I  have  united  in  the  following  table 
the  chief  part  of  his  results.  He  collected 
in  a  bladder  the  gas,  as  it  issued  from  an 
ori6ce  in  the  pipe  between  the  retorts  and 
the  tar  pit;  and  purified  it  afterwards  by 
agitation  in  contact  of  quicklime  and  water. 
Ten  cwt.  or  1120  lbs.  of  coal  were  contaii^ 
ed  in  the  retorts. 
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Dr  Henry  conceives  that  gas  to  have  the 
greatest  illuminating  ^wer,  which,  in  a  given 
volume,  consumes  the  largest  quantity  of  oxy- 
gen ;  and  that  hence  the  gas  of  cannel  coal 
is  one-third  better  tlian  the  gas  from  com- 
mon coal.  3500  cubic  feet  of  gas  were  col- 
lected from  1 120  pounds  of  the  cannel  coal ; 


and  only  3000  from  the  sam?  weight  of  the 
Clifton  coal. 

From  the  preceding  table  we  see  also,  that 
the  gss  which  issues  at  the  third  hour  con- 
tains, in  100  parts,  of  sulphuretted  hydrogen 
and  carbonic  add,  each  2^  of  asote  4|,  ole- 
fiant  gas  14},  aad  of  other  inBammable 
76  parts. 
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tw  sligMy  conical  at  top.  Tbt  diameter  is 
Awp3Sto45feetintJielaigec«tablidniieni% 
and  the  height  from  18  to  2^  The  average 
capacity  it  from  15,000  to  20,000  cubic  feet 
It  is  suspended  in  a  tank  of  water  by  a  Btrong 
iron  chain  iiied  to  the  centre  of  its  summit, 
which,  passing  round  a  pulley,  bears  the 
counter* weight.  When  totally  immersed  in 
water,  the  sheet-iron,  of  which  the  gas-holder 
is  composed,  loses  hydrostatically  about  two- 
fifleenths  of  its  weight ;  or  if  equipoised  when 
immersed,  it  becomes  two-iifieenths  heavier 
'when  in  air,  rninus  the  buoyancy  of  the  inclu* 
ded  gas.  The  mean  sp.  gr.  of  well  puri£ed 
coal-gas  by  Dr  Henry's  late  experiments  may 
be  computed  at  0.676,  to  air  called  1.000; 
or,  in  round  numbers,  its  density  may  be  rec- 
koned two-thirds  of  that  of  air.  One  cubic 
foot  of  air  weighs  527  gr.,  one  cubic  foot  of 
gas  weighs  351  gr. ;  the  diflerence  is  176  gr. 
Hence,  40  cubic  feet  have  a  buoyancy  of  one 
pound  avoirdupois. 

Tlie  hydrostatic  compensation  is  obtained 
by  making  the  weight  of  that  length  of  the 
suspending  chain,  which  is  between  the  top  of 
the  immersed  gasometer  and  the  tangential 
point  of  the  pulley-wheel,  equal  to  one^teenlh 
the  weight  of  the  gasometer  in  pounds,  minus 
its  capacity  in  cubic  feet,  divided  by  twice  40, 
or  80.  Thus,  if  its  weight  be  4  tons,  or  8960 
lbs.  and  its  capacity  15000  cubic  feet,  a  length 
of  diain  equal  to  tlie  height  of  the  gasometer, 
or  to  its  vertical  play,  should  weigh  597  lbs. 
without  allowing  for  buoyancy.  In  this  case 
the  gasometer,  when  out  of  water,  would  have 
the  buoyancy  of  that  liquid  replaced  by  the 
passage  of  these  597  lbs.  to  the  opposite  side 
of  the  wheel-pulley,  so  that  twice  that  w«ght 
=  1 194  lbs.  would  then  be  added  to  the  con- 
stant counterpoise.  When  the  gasometer 
again  sinks,  and  loses  its.  w«ght  by  the  dis- 
placement of  the  liquid,  successive  links  of 
the  chain  come  over  above  it,  augmenting  its 
weight,  and  diminishing  that  of  the  counter- 
poise by  a  twofold  operation,  as  in  taking  a 
weight  out  of  one  scale,  and  putting  it  in  the 
other. 

But  we  must  now  introduce  the  correction 
for  the  buoyancy  of  the  combustible  gas.  In 
ordinary  cases  we  must  regard  it  as  holding 
a  portion  of  petroleum  vapour  diffused  through 
it,  and  cannot  fairly  estimate  its  sp.  gravity, 
at  less  than  0.750 ;  whence  nearly  50  cubic 
feet  have  a  buoyancy  of  one  pound  over  the 
same  bulk  of  atmospheric  air.  If  we  divide 
15000  by  50,  the  quotient  =  900  is  thedouble 
of  what  must  be  deducted  in  pounds  weight 
from  the  hydrostatic  compensation.  Thus 
597  —  150  =  447,  is  the  weight  of  the  above 
portion  of  chain.  When  the  gasometer  at- 
tains its  greatest  elevation,  tiiese  447  lbs.  hang 
on  the  opposite  side  of  the  wheel,  constituting 
an  increased  counterpoise  of  twice  447  ss  694, 
to  which  if  we  add  tiie  total  buoyancy  of  the 
included  gas  s=s  300  lbs.  we  have  the  sum 


1 194^  tqnal  to  die  totallncnMe  flf  tbe 
of  the  iron  vasd  on  its  saspension  m  air. 

The  principles  of  the  distribution  of  gas  are 
exhibited  in  the  following  table  given  by  Mr 
Peckston.  The  gas-holder  is  worked  at  a 
pressure  of  one  vertical  inch  of  water,  and 
each  argand  burner  consumes  five  cubic  feet 
per  hour. 
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The  following  statement  is  given  by  Mr 
Accum. '  An  argand  burner,  wltich  measures 
in  the  upper  rim  half  an  inch  in  diameter 
between  the  holes  from  which  the  gas  issues, 
when  furnished  with  five  apertures*  l-25th 
part  of  an  inch  diameter,  consumes  two  cubic 
feet  of  gas  in  an  hour,  when  the  gas«flame  is 
one  and  a  half  inch  high.  The  illuminating 
power  of  this  burner  is  equal  to  three  tallow  . 
candles  eight  in  the  pound. 

An  argand  burner  three-fourths  of  an  indi 
in  diameter  as  above,  and  perforated  with 
holes  l-30th  of  an  inch  diameter  (what  num- 
ber?  probably  15)  consumes  tiiree  culiic 
feet  of  gas  in  an  hour,  when  the  flame  is  2^ 
inches  high,  giving  the  light  of  four  candles 
eight  to  the  pound.  And  an  argand  burner 
seven-eighths  of  an  inch  diameter  as  above, 
perforated  with  18  boles  l-32d  of  an  inch 
diameter,  consumes,  when  the  flame  is  three 
inches  high,  four  cubic  feet  of  gas  per  hour, 
producing  the  h'ght  of  six  tallow  candles 
eight  to  the  pound.  Increased  length  of 
flame  makes  imperfect  combustion,  and  di- 
minished intensity  of  light  And  if  the  holes 
be  made  larger  than  l-25th  of  an  inch,  the 
gas  is  incompletely  burnt     The  height  of 
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the  glass  diimney  should  never  be  lass  than 
five  inches. 

l^e  argand  burner,  called  No.  4.  when 
burnt  in  shops  from  sunset  till  nine  o'clock, 
is  charged  Uiree  pounds  a-year.  The  dia- 
meter of  its  circle  of  holes  is  five-eighths  of 
an  inch,  and  of  each  hole  l-32d  of  an  inch. 
It  is  drilled  with  12  holes,  5-3Sds  of  an  inch 
from  the  centre  of  one  to  the  centre  of  ano-> 
ther.     Height  of  this  burner  If  inches. 

No.  6.  ai^gaiid  burner.  15  apertures  of 
l-32d  of  an  inch :  diameter  of  their  circle 
three-fourths  of  an  inch ;  height  of  burner 
two  inches :  charge  per  annum  four  guineas. 

According  to  Mr  Accum,  one  gas  lamp, 
consuming  4  cnbic  feet  of  gas  in  an  hour,  if 
situated  20  feet  distant  from  the  main  which 
supplies  the  gas,  requires  a  tube  not  less  than 
a  quarter  of  an  inch  in  the  bore  ;  2  lamps,  3 
feet  distance,  require  a  tube  three-eighths  of 
an  inch  ;  3  lamps,  30  feet  distance,  require 
a  tube  three-eighths ;  4  lamps,  at  40  feet, 
one-half  inch  bore;  10  lamps,  at  100  feet 
distance,  require  a  tube  three-fourths  of  an 
inch  ;  and  20,  150  feet  disUnt,  1  j^  inch  bore. 

We  have  seen  that  the  average  product  in 
London  from  one  pound  of  coal,  in  8  hours, 
is  3^  cubic  feet  In  the  Olaagow  coal  gas 
establishment,  which  is  conducted  by  engi- 
neers skilled  in  the  principles  of  chemistry 
and  mechanics,  fully  4  cubic 'feet  of  gas  are 
ettracted  from  every  pound  of  coal  of  the 
splent  kind  in  4  hour  charges,  from  retorts 
containing  each  120  lbs.  ;  which  is  about 
two-thirds  of  their  capacity.  Tlie  decom- 
posing heat  is  much 'the  same  as  that  used  in 
London,  but  the  retorts  are  compressed  cy- 
tinders,  a  little  concave  below.  Hence  in  8 
hours,  fully  double  the  London  quantity  of 
gas  is  obtained  from  a  retort  in  Glasgow. 

An  ingenious  pupil  of  mine,  lately  em- 
ployed by  a  projected  gas  company  in  Glas- 
gow to  visit  the  principal  factories  of  gas  in 
England,  made  a  series  of  accurate  experi- 
ments on  its  illuminating  quality  in  the  dif- 
ferent towns.  For  this  purpose,  he  carried 
along  with  him  a  mould  candle,  six  in  the 
pound,  and  a  single  jet  gas-nozxle.  By  at- 
taching this  to  a  gas-pipe,  and  producing  a 
flame  of  determinate  length,  (three  inches), 
he  could  then,  by  the  method  of  shadows, 
compare  the  flame  of  the  gas  wiUi  that  of  his 
candle,  and  ascertain  their  relative  propor- 
tions of  light.  He  found  that  the  average 
illuminating  power  of  the  gas  in  the  English 
establishments,  was  to  that  of  the  Glasgow 
company  as  four  to  five ;  the  worst  being  so 
low  as  three  to  five,  and  the  best,  as  five  to 
six.  If  we  therefore  multiply  this  ratio  into 
the  double  product  of  gas  obtained  in  the 
Glasgow  gas-work,  we  shall  have  the  propor- 
tion of  light  generated  here  and  in  London, 
from  an  equal-sixed  retort,  in  an  equal  time, 
as  100  to  40.  Hiis  result  merits  entire  con- 
fidence.    In  the  sequel  of  the  article  LIGHT) 


in  this  Dictionary,  instructiona  vrill'be  gi^en 
how  to  calculate  the  relative  illuminating 
powers  of  xlifierent  flames. 

Whto  tlie  tar  is  passed  through  ignited 
iron  pipes,  it  yields  from  10  to  16  cubic  feet 
of  gas  per  pound.  The  deposit  of  refractory 
asphaltum,  however,  is  very  apt  to  <4)Struct 
the  pipes ;  and  the  Ugfat  afforded  is  perhaps 
of  inferior  quality.  Hence  tar  is  decomposed 
in  very  few  establishments. 

The  film  of  petroleum  which  floats  on  the 
water  of  the  gasometer  tank,  and  that  pro- 
cured from  the  tar  by  distillation,  have  been 
used  instead  of  oil  for  street^lamp«.  The 
lamp  fountain  is  kept  on  the  outside  of  the 
j^aas  hintem,  and  the  flame  is  made  smally 
to  prevent  an  explosion  of  the  vaporised 
naphtha. 

1430  lbs.  of  tar  by  boiling  yield  nine  cwL 
of  good  pitch.  From  a  chaldron  of  New- 
castle cofd  about  200  lbs.  of  ammoniacal 
liquor  are  obtained  ;  a  solution  chiefly  of  the 
carbonate  and  sulphate.  The  strongest  liquor 
comes  from  the  caking  coaL  A  gallon,  or 
8^  lbs.  usually  requires  for  saturation  from 
fifteen  to  sixteen  ounces  of  oil  of  vitriol,  sp.  gr, 
1.64.  To  obtain  subcarbonate  of  ammonia, 
125  lbs.  of  calcined  gypsum  in  fine  powder 
are  added  to  108  gallons  c^  the  ammoniacal 
liquor.  The  mixture  is  stirred,  and  the  cask 
containing  it  is  then  closed  for  three  or  four 
hours,  ^xteen  ounces  of  sulphuric  add  are 
now  mixed  in ;  and  the  ^whole  allowed  to 
remain  at  rest  fM"  four  or  six  hours.  The 
supernatant  sulphate  of  ammonia  is  next 
evaporated  till  it  crystallize.  One  hundred 
weight  of  the  dry  crystals  is  mixed  with 
about  their  weight  of  dry  chalk  in  powder, 
and  sublimed  from  a  cylindrical  iron  retort 
into  a  barrel-shaped  receiver  of  lead.  A 
charge  of  120  lbs.  of  the  mixture  is  usually 
decomposed  in  the  course  of  twenty-four 
hours.  One  hundred  weight  of  dry  sulphate 
of  ammonia  is  said  to  produce  from  sixty  to 
sixty-five  pounds  of  solid  subcarbonate  of 
ammonia.  If  the  sulphate  of  ammonia, 
mixed  with  common  salt,  is  exposed  to  a 
'subliming  heat,  sal  ammoniac  is  obtained. 
For  Oil  Gas,  see  Oil. 

COATING,  or  LORICATION.— 
Chaptal  recommends  a  soft  mixture  of  marly 
earth,  first  soaked  in  water,  and  then  knead- 
ed with  fresh  horse-dung,  as  a  very  excellent 
coating. 

The  valuable  method  used  by  Mr  Willis 
of  Wapping,  to  secure  or  repair  his  retorts 
used  in  the  distillation  of  phosphorus,  de- 
serves to  be  mentioned  here.  The  retorts 
are  smeared  with  a  solution  of  borax,  to 
which  some  slaked  lime  has  been  added,  and 
when  dry,  they  are  again  smeared  with  a 
thin  paste  of  slaked  liihe  and  linseed  oil. 
Hiis  paste  being  made  somewhat  thicker,  is 
applied  with  success,  during  the  distillation^ 
to  m^ad  such  retorts  as  crack  by  the  fire. 
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COBALT.  A  brittle,  lomewhat  loft, 
but  difficultly  fusible  metal)  of  a  reddish-grey 
colour,  of  little  lustre,  and  a  sp.  gr.  of  8.6t. 
Its  melting  point  is  said  to  be  ldO<*  Wedge- 
wood.  It  is  generally  associated  in  its  ores 
with  nickel,  arsenic,  iron,  and  copper ;  and 
the  cobalt  of  commerce  usually  contains  a 
proportion  of  these  metals.  To  separate 
them,  calcine  with  4  parts  of  nitre,  and  wtub 
away,  with  hot  water,  the  soluble  arseniate 
of  potash.  Dissolve  the  residuum  in  dilute 
nitric  acid,  and  immeree  a  plate  of  iron  in 
the  solution,  to  precipitate  the  copper.  Filter 
the  liquid,  and  evaporate  to  dryness.  Digest 
the  mass  with  water  of  ammonia^  which  will 
dissolve  only  the  oxides  of  nickel  and  cobalt. 
Having  expelled  the  excess  of  alkali  by  a 
gentle  beat  from  the  clear  amrooniacal  solu- 
tion, add  cautiously  water  of  potash,  which  * 
will  precipitate  the  oxide  of  nickeL  Filter 
immediately,  and  boil  the  liquid,  which  will 
throw  down  the  pure  oxide  of  cobalt.  It  is 
reduced  to  the  metallic  state  by  ignition  in 
contact  with  lamp.black  and  oiL  M.  Laugier 
treats  the  above  ammoniacal  solution  with 
oxalic  acid.  He  then  redissolves  the  preci- 
pitated oxalates  of  nickel  and  cobalt  in  con- 
centrated water  of  ammonia,  and  exposes  the 
solution  to  the  air.  As  the  ammonia  ex- 
bales,  oxalate  of  nickel,  mixed  with  ammo- 
nia, is  depouted.  The  nickel  is  entirely  se- 
parated from  the  liquid  by  repeated  crystal- 
lisations. There  remains  a  combination  of 
oxalate  of  cobalt  and  ammonia,  which  is 
easily  reduced  by  charcoal  to  the  metallic 
state.  Tbe  small  quantity  of  cobalt  remain- 
ing in  the  precipitated  salt  of  nickel,  is  sepa- 
rated by  digestion  in  water  of  ammonia. 

Cobalt  is  susceptUiIe  of  magnetism,  but  in 
a  lower  degree  than  steel  and  nickel. 

Oxygen  conUiines  with  cobalt  in  two  pro- 
portions; forming  the  dark  blue  protoxide, 
and  the  black  deutoxide.  The  first  dissolves 
in  adds  without  effervescence.  It  is  pro- 
cured by  igniting  gently  in  a  retort  the  oxide 
precipitated  by  potash  from  the  nitric  solu- 
tion. Proust  says,  the  first  oxide  consists  of 
100  metal  +  19.8  oxygen;  and  RodioflT' 
makes  the  composition  of  the  deutoxide  100 
-f  36.77.  If  we  call  the  first  ia5,  and  the 
second  37,  then  the  prime  equivalent  of 
cobalt  will  be  5.4 ;  and  the  two  oxides  will 
ccMisist  of— 

„    ,    .,      C    Cobalt,    5.4      100      84.38 
Protoxide^  {    Oxygen,  1.0    ja5      15.62 

100.00 
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^      •  , ,     C    Cobalt,    5.4     100 
Deutoxide,  j    ^^^^^  g  Q       37 


100 


The  precipitated  oxide  of  cobalt,  washed, 
and  gentiy  heated  in  contact  with  air,  passes 
into  the  state  of  black  peroxide. 
.  When  cobah  is  heated  in  chlorine,  it  takes 


fire,  and  forms  the  chloride.  The  iodide 
pbosphuret,  and  sulpburet  of  this  metal,  have 
hot  been  much  examined. 

The  salts  of  cobalt  are  interesting,  from  the 
remarkable  changes  of  colour  which  they  can 
exhibit. 

Their  solution  is  red  in  the  neutral  states 
but  green  with  a  slight  excess  of  acid ;  the 
alkalis  occasion  a  blue^coloured  precipitate 
from  the  salts  of  pure  cobalt,  but  reddish- 
brown  when  arsenic  acid  is  present ;  sulphu- 
retted hydrogen  produces  no  precipitate,  but 
hydrosulphurets  Uiruw  down  a  black  powder, 
soluble  in  excess  of  the  precipitant ;  tincture 
of  galls  gives  a  yellowish-white  precipitate ; 
oxalic  acid  throws  down  tiie  red  oxalate. 
Zinc  does  not  precipitate  this  metaL 

The  sulphate  is  formed  by  boiling  sulphu- 
ric add  on  the  metal,  or  by  dissolving  the 
oxide  in  the  acid.  By  evaporation,  the  salt 
may  be  obtained  in  adcular  ibomboidal  prisms 
of  a  reddish  colour.  These  are  insoluble  in 
alcohol,  but  soluble  in  24  parts  of  water.  It 
consists,  by  the  analysis  of  Bucholx,  of— 

Erper,  Tkeary, 

Acid,  26    or    1  prime  5.0        24.4 

Protoxide,      30  1     do.    6.4        31.4 

Water,  44         8    do.    9.  44^2 

100  20.4 

See  Salt.    * 

The  nitrate  forms  prismatic  red  deliques- 
cent crystals.  It  is  decomposable  by  gentle 
ignition.  The  muriate  is  easily  formed  by 
dissolving  the  oxide  in  muriatic  add.  The 
neutral  solution  is  blue  when  concentrated, 
and  red  when  diluted ;  but  a  slight  excess  of 
acid  makes  it  green.  According  to  Klaproth, 
a  solution  of  Uie  pure  muriate  forms  a  sym- 
pathetic ink,  whose  traces  beconke  blue  when 
tile  paper  is  heated ;  but  if  the  salt  be  con- 
taminated with  iron,  the  traces  become  green. 
I  find  that  the  addition  of  a  little  nitrate  of 
copper  to  the  solution  forms  a  sympathetic 
ink,  which  by  heat  gives  a  rich  greenish- 
yellow  colour.  When  a  small  quantity  of 
muriate  of  soda,  of  magnesia,  or  of  lime» 
is  added  to  the  ink,  its  traces  disappear  very 
speedily  on  removal  from  the  fire ;  showing 
that  the  vivid  green,  blue,  or  yellow  colour,  is 
owing  to  the  concentration  of  the  saline  traces 
by  heat,  and  their  disappearance,  to  the  re- 
absorption  of  moisture.  At  a  red  beat,  the 
greater  part  of  the  muriate  sublimes  in  a 
grey-coloured  chloride.  Ibe  acetate  forms 
a  sympathetic  ink,  whose  traces,  bdng  heat- 
ed, become  of  a  dull  blue  colour,  llie  ar- 
seniate of  cobalt  is  found  native  in  a  fine  red 
efflorescence,  and  in  crystals.  (See  Ores  OP 
Cobalt.)  A  cream-tartrate  of  cobalt  may 
be  obtained  in  large  rhomboidal  crystals,  by 
adding  the  tartrate  of  potasli  to  cobaltic  so- 
lutions, and  slow  evaporation.  An  ammo- 
nia-nitrate  of  cobalt  may  be  formed  in  red 
cubical  ciystals,  by  adding  ammonia  in  excess 
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to  thtf  tiitric  tolutioii,  and  erapontiog  at  a  garnet^  and  mimetic  ironstone*  in  beds  sub- 

Tery  gentle  beat      They  bare  an  urinous  ordinate  to  tbe  trap  formation.     It  is  found 

taste,  and  are  permanent  in  the  air.     Oxide  at  Arcndal  in  Norway,  Nericke  in  Sweden^ 

of  cobalt  does  not  appear  to  be  capable  of  Barkas  in  Finland,  the  Harta»  Lower  Saxony, 

dissolving  directly  in  ammonia^  and  a  com-  and  Spain. 

bination  between  tbe  two  substances  can  COCCULUS  INDICUS.  The  fruit  of 
take  place  only  under  the  two  following  dr-  the  menitpermum  coccuiut,  a  shrub  which 
cumstances :— 1.  Either  the  oxide  of  cobalt  grows  in  sand  amid  rocks  on  the  coasts  of 
combines  with  an  acid,  and  in  this  state  Malabar,  and  other  parts  of  the  East  Indies, 
forms  a  double  salt  with  the  ammonia,  which  The  fruit  iff  blackish,  and  of  the  siae  of  a  large 
is  also  combined  with  the  same  acid ;  as  for  pea.  It  contains,  1«/,  about  one-half  of  its 
example,  in  tbe  carbonate  of  oxide  of  cobalt  weight  of  a  concrete  fixed  oil ;  2e/,  an  albu- 
and  ammonia ;  nitrate  of  oxide  of  cobalt  and  minous  v^^to-animal  substance ;  3d,  a  pe- 
ammonia,  &c. ;  or,  2d,  when  the  proportion  culiar  colouring  matter ;  4/^,  one^fiftieth  of 
of.  acid  is  insufficient  to  saturate  both  the  picrotoria  ;  5</i,  one-half  its  weight  of  fibrous 
oxide  of  cobalt  and  the  ammonia.  If  the  matter ;  6th,  bimalate  of  lime  and  potash ; 
above  ammoniacal  liquid,  previously  satu-  7th,  sulphate  of  potash ;  Sih,  muriate  of  pot- 
rated  with  oxygen,  be  committed  to  a  rapid  ash ;  9//«,  phosphate  of  lirae ;  lO/Zi,  a  little 
spontaneous  evaporation,  it  yields  a  com-  iron  and  silica.  It  is  poisonous ;  and  is  ire- 
pound  of  ammonia  with  nilnc  and  coballic  quently  employed  to  intoxicate  or  poison 
acids,  in  brown-colouned,  apparently  four-  fishes,  llie  deleterious  ingredient  is  tbe 
sided  prisms,  with  square  bases. — Leonid  Picrotoxia,  which  see. 
GmeHa.     Annals  of  FhiL  N.  S.  ix.  69.  COCHINEAL  was  at  first  supposed  to 

The  red  oxalate  is  soluble  in  an  excess  of  be  a  grain,  which  name  it  still  retains  by  way 

oxalic  acid,  and  hence  neutral  oxalate  of  pot-  of  eminence  among  dyers,   but  naturalists 

ash  is  the  proper  reagent  for  precipitating  soon  discovered  that  it  was  an  insect.     It  is 

cobalt     The  phosphate  may  be  formed  by  brought  to  us  from  Mexico,  where  the  insect 

double  decomposition.      It  is  an  insoluble  lives  upon  different  species  of  the  opuntia. 

purple   powder,   which,   heated  along  with  Fine  cochineal,  which  has  been  well  dried 

eight  parts  of  gelatinous  alumina,  produces  and  properly  kept,   ought  to  be  of  a  grey 

a  beautiful  blue  pigment,  a  substitute  for  colour  inclining  to   purple.      The  grey  is 

ultramarine.     Tbe  colouring  power  of  oxide  owing  to  a  powder  which  covers  it  naturally, 

of  cobalt  on  vitrifiable  mixtures,  -is  greater  a  part  of  which  it  still  retains :  the  purple 

perhaps  than  that  of  any  other  metal.     One  tinge  proceeds  from  the  colour  extracted  by 

grain  gives  a  full  blue  to  240  grains  of  glass.  .  the  water  in  which  it  has  been  killed.    Cochi- 

ZafiVe  is  a  mixture  of  flint  *powder  and  an  neal  will  keep  a  long  time  in  a  dry  place, 

impure  oxide  o>f  cobalt,  prepared  by  calcine-  Hellot  says,  that  he  tried  some  one  hundred 

tion  of  the  ores.     Smalt  and  azure-blue  are  and  tliirty  years  old,  and  found  it  produce 

merely  cobaltic  glass  in  fine  powder.     See  the  same  effect  as  new. 

Glass.         '  MM.  Pelletier  and  Caventou  have  lately 

COB  ALUS.  The  demon  of  mines,  which  found,  that  the  very  remarkable  colouring 
obstructed  and  destroyed  the  miners.  The  matter  which  composes  the  principal  part  of 
church  service  of  Germany  formerly  contain-  cochineal,  is  mixed  with  a  peculiar  animal 
ed  a  form  of  prayer  for  the  expulsion  of  the  matter,  a  fat  like  common  fat,  and  with  dif- 
fiend.  The  oris  of  the  preceding  metal  being  ferent  salts.  The  fat  having  been  separated 
at  first  mysterious  and  intractable,  were  nick-  by  ether,  and  the  residuum  treated  with  boil- 
named  cobalt  ing  alcohol,  they  allowed  the  alcohol  to  cool 

COCCOLITE.  A  mineral  of  a  green  as  they  gently  evaporated  it,  and  by  this 
colour  of  various  shades,  which  occurs  mas-  means  they  obtained  the  colouring  matter, 
sive ;  in  loosely  aggregated  concretions ;  and  but  still  mixed  with  a  little  fat  and  animal 
crystallized  in  six-sided  prisms,  witli  two  op-  matter.  These  were  separated  from  it  by 
posite  acute  lateral  edges,  and  bevelled  oq  tlie  again  dissolving  it  in  cold  alcohol,  which  left 
extremities,  with  the  bevelled  plains  set  on  tbe  the  animal  matter  untouched,  and  by  mixing 
acute  lateral  edges ;  or  in  four-sided  prisms,  the  solution  with  ether ;  and  thus  precipitat- 
Tbe  crystals  are  generally  rounded  on  the  ing  the  colouring  matter  in  a  state  of  great 
angles  and  edges.  The  internal  lustre  is  purity,  which  they  have  called  carmimum. 
vitreous.  Cleavage,  double  oblique  angular.  It  melts  at  122°  Fahr.  becomes  puffy,  and 
Fracture  uneven.  Translucent  on  the  eidges.  is  decomposed,  but  does  not  yield  ammonia. 
It  scratches  apatite,  but  not  felspar.  Is  It  is  very  soluble  in  water,  slightly  in  alcohol, 
brittle.  Sp.  gr.  3.^  It  fuses  with  difficulty  and  not  at  all  in  ether,  unless  by  the  inter- 
before  the  blowpipe.  Its  constituents  are>  mediation. of  fat  Acids  change  it  from 
silica  50,  lime2i,  magnesia  10,  alumina  1.5,  crimson,  first  to  bright  red,  and  then  to  yel- 
oxide  of  iron  7,  oxide  of  manganese  3,  loss  low  ;  alkalis,  and,  generally  speaking,  all 
4.5. —  VauqueUn.  protoxides,  turn  it  violet;  alumina  takes  it 

It  occurs  along  witli  granular  limestone,  from  water.      Lake  is  composed  of  carmi- 
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nittiD  «nd  alumina.  Camiiiie  is- a  triple  conw 
.pound  of  an  animal  matter,  cartniniumf  and  an 
«cid  which  enli?ens  the  colour.  The  action  of 
muriatic  acid  in  changing  the  crimson  colour 
of  cochineal  into  a  6ne  scarlet,  is  similar. 

Dr  John  calls  the  red  colouring  matter 
cechenilin.     He  says,  the  insect  consists  of, 
CocbeniUn*  50.0 

Jelly,  10.6 

Waxy  fat,  10:0 

Gelatinous  mucus,  14.0 
Shining  matter,  I'kO 
Salts,  1.5 


100.0 
COFFEE.  The  seeds  of  the  eoffea  ara^ 
biea  are  contained  in  an  oval  kernel,  enclosed 
in  a  pulpy  berry,  somewhat  h'ke  a  cherry. 
The  ripe  fruit  is  allowed  slightly  to  ferment, 
by  which  the  pulp  is  more  easily  detached 
fhnn  the  seeds.  ITiese  are  afterwards  wash- 
ed, carefully  dried  in  the  sun,  and  freed  from 
adhering  membranes  by  winnowing.  Besides 
the  peculiar  bitter  principle,  which  we  have 
described  under  the  name  CaffHfh  coffee  con- 
tains several  other  vegetable  products.  Ac- 
cording to  Cadet,  64  parts  of  raw  coffee  con- 
sist of  8  gum,  1  resin,  1  extractive  and  bitter 
principle,  3.5  gallic  acid,  0. 1 4  albumen,  4a5 
fibrous  insoluble  matter,  and  6.86  loss.  Her- 
mann found  in  1920  grains  of 

Levant  Coffee.       Mart.  Coffee. 
Resin,  74 

Extractive         '320 
Gum,  130 

Fibrous  matter,  1335 
Loss,  61 

1920  1920 

Hie  nature  of  the  rolatile  fragrant  prin- 
ciple developed  in  coffee  by  roasting,  has  not 
been  ascertained.  The  Dutch  in  Surinam 
improve  the  flavour  of  their  coff*ee  by  sus- 
pending bags  of  it,  for  two  ywrs,  in  a  dry 
•atmosphere.     They  never  use  n^  coffee. 

Coffee  is  diuretic,  sedative,  and  a  corrector 
of  opium.  It  should  be  given  as  medicine 
in  a  strong  infusion,  and  is  best  cold,  in 
spasmodic  asthma  it  has  been  particularly 
serviceable ;  and  it  has  been  recommended  in 
gangrene  of  the  extremities  arising  from  hard 
drinking.     See  Caffein. 

COHESION,  or  attraction -of  cohesion, 
is  that  power  by  which  the  particles  of  bodies 
are  held  together.  The  absolute  cohesion  of 
solids  is  measured  by  the  force  necessary  to 
pull  them  asunder.  Heat  is  excited  at  the 
«ame  time.  At  the  iron  cable  manufactory 
of  Captain  Brown,  a  cylindrical  bar  of  iron, 
1*  inch  diameter,  was  drawn  asunder  by  a 
force  of  43  tons.  Before  the  rapture,  the 
bar  lengthened  about  five  inches,  and  the 
section  of  fracture  was  reduced  nearly  three- 
eighths  of  an  inch.  About  this  part  a  degree 
of  heat  was  generated,  which,  aoeording  to 


Mr  Barlow  of  Woolwicfay  rendered  it  unx 
pleasant,  if  not  in  a  slight  degree  painful,  to 
grs^  the  bar  in  the  hand*  The  same  thing 
is  shown  in  a  greater  degree  in  wire-drawing. 
When  the  force  is  applied  to  compress  the 
body,  it  becomes  shorter  in  the  direction  of 
the  force,  vrhich  is  called  the  eompretsUn  ,• 
and  the  area  of  its'  section,  at  right  angles  to 
the  force,  expands.  The  cohesion,  calculated 
from  the  transverse  strength,  is  as  near,  or 
perhaps»nearer,  the  real  cohesion,  than  that 
obtained  by  pulling  the  body  asunder.  The 
cohesive  force  of  metals  is  much  increased  by 
wire-drawing,  rolling,  and  hammering  them. 
In  the  elaborate  tables  of  cohesion  drawn,  up 
by  Mr  Thomas  Tredgold,  and  published  in 
the  50th  vol.  of  Tilloch's  roagasine,  the  spe- 
cific cohesion  of  plate  glass  (a  pretty  uniform 
body)  is  denoted  by  unity. 

The  following  table  is  the  result  of  expe- 
riments by  George  Rennie,  jun.  Esq.  pub- 
lished in  the  first  part  of  the  FhiL  Transacu 
tions  for  181  a 

Mr  Rennie  found  a  cubical,  inch  of  the 
following  bodies  crushed  by  the  following 

vrdghts  :— 

11m.  av. 
Elm,  -  -  -  1284 

American  pine,       •     -  -  1606 

White  deal,  -  -  1928 

English  oak,  -  -  3860 

Ditto  of  five  inches  long,  slipped  with  2572 
Ditto  of  four  inches,  ditto,  -         5147 

A  prism  of  Portland  stone,  two  inches 

long,  ...  805 

Ditto  statuary  mart>le,  -  3216  . 

Craigleith  stone,  -  -  8688 

Cubes  of  1^  inch. 

Sp.gr. 

Chalk,  -  -         -        —       1127 

Brick  of  a  pale  red  colour,       2.085     1265 

Roe-stone,  Gloucestenbire,  -^       1449 

Red  brick,  mean  of  two  trials,  2. 168     1817 

Yellow  face   baked  Hammer- 

smith  paviors,  three  times,        —       2254 

Burnt  ditto,  mean  of  two  trials,  —      3243 

Stourbridge,  or  fine  brick,  —      3864 

Dert>y  grit,  a  red  friable  sand- 
stone, -  -  2.316    7070 

Derby  grit  from  another  quarry,  2.428     9776 

Killala  white  freestone,  not  stra- 
tified, -  -  2.423  10264 

Portland,  -  -  2.428  10284 

Craigleith  white  freestone,         2.452  18346 

Yorkshire  paving,  with  the 
strata,  -  -  2.507  12856 

Ditto,  against  the  strata,      -     2.507  12856 

White    statuary    marble,    not 

veined,  -  -  1.760  23632 

Bramley-Fall  sandstone,  near 

Leeds,  with  strata,         -       2.506  13632 

Dittoi  against  strata,        -        2.506  13632 

Cornish  granite,  -  2.662  14302 

Dundee  sandstone,  or  brecctat 
two  kinds,         -         -         2.530  14918 


COLCHICUM  AUTUMKALE.       351 


COLOCTNTHIKE. 


A  two  inch  cube  of  Portbmd,.  8.423 
Craigleitb,  with  strata,       -       2.452 
Devonshire  red  poarblei  varie- 
gated, -  -  — 
Compact  limestone,        -         2.584 
Peterhead  granite,  hard  doae- 

grained. 
Black  compact  limestone.  Lim- 
erick, -  -  2.598 
Purbeck,  -  -  2.599 
Black  Brabant  marble,  -  2.697 
Very  hard  freestone,  -  2.528 
White  Italian  veined  marble,  2.726 
Aberdeen  granite,  blue  kind,    2.625 


n)s.av. 
14918 
15560 

16712 
17354 


—  18636 


19924 
20610 
20742 
21254 
21783 
24556 


Cubes  of  different  metals  of  ^th  inch  were 

crushed  by  the  following  weights  :— 
Cast  iron,  ...  9773 

Cast  copper,         -         -  -  7318 

Fine  yellow  brass,  -  -         10304 

Wrought  copper,  -  -  6440 

Cast  tin,  ...  966 

Cast  lead,  ...  483 

Bars  o£  different  metals,  six  inches  long,  and 
a  quarter  of  an  inch  square,  were  suspend- 
ed by  nippers,  and  broken  by  the  follow- 
ing wdghts:— > 
Cast  iron,  horizontal,  -         -         1166 

Ditto,  vertical,  -  -  1218 

Cast  steel,  previously  tilted,  -        8391 


Blistered  steel,  reduced  by  the  hammer,  8322 
Shear  steel  ditto,  -  -  7977 

Swedish  iron  ditto,         -  -         4504. 

English  iron  ditto,  -  -         3492 

Hard  gun  metal,  mean  of  two  trials,  2273 
Wrought  copper,  reduced  by  hammer,  21 12 
Cast  copper,  ...  H^ 

Fine  yellow  brass,  -  -  1123 

Cast  tin,  ...  296 

Cast  lead,  -  -  -  114 

For  the  experiments  on  the  twist  of  bars  we 
must  refer  to  the  paper. 

The  strengths  of  Swedish  and  English  iron 
do  not  bear  the  same  proportion  to  each  other 
in  these  experiments,  that  they  do  when  we 
compare  the  trials  of  Count  Sickingen  with 
those  made  at  Woolwich,  of  which  an  account 
was  given  in  the  Annals  of  Philosophy^  vU. 
320.  From  that  comparison,  the  proportional 
strengths  were  as  follows :— > 

English  iron,         -        34a38 
Swedish  iron,        -         549.25 
But  flrom  Mr  Ilennie*s  experiments,  the  pro- 
portional strengths  are  :— 

English  iron,        -        34a38 
Swedish  iron,        -        449.34 
A  very  material  difference,  which  ought  to  be 
attjendcd  to. 

The  following  Table  contains  a  view  of 
some  former  experiments  on  the  cohesive 
strengths  or  tenacities  of  bodies :-» 


A  wire  one^tenth  inch  of  zinc  breaks  with  26  pounds. 
Do.  lead  29i 


Do. 

Do.  tin 

Do.  coppef 

Do.  brass 

Do.  silver 

Do.  iron 

Do.  gold 

A  cylinder  1  inch  iron 


-  According  to  Sickingen,  the  relative  cohe- 
sive strengths  of  the  meuis  are  as  follows : 


Gold, 
Silver, 
Platioa, 
Copper, 
Soft  iron. 
Hard  iron, 


150955 

190771 

262361 

30469^ 

362927 

559880 
1 


,  A  wire  of  iron  0.078  or  ~^  of  an  inch  will 

just  support  549.25  pounds.  Emerson's 
number  for  gold  is  excessively  incorrect  In 
general,  iron  is  about  4  times  stronger  than 
oak,  and  6  times  stronger  than  deal. 

COHOBATION.  The  continuous  re- 
d^llation  of  the  same  liquid  from  the  same 
materials. 

COLCHICUM  AUTUMNALE.  A 
medicinal  plant,  the  vinous  infusion  of  whose 
root  has  been  shewn  by  Sir  E.  Home  to 
possess  specific  powers  of  alleviating  gout, 
similar  to  those  of  tiie  empirical  preparation 


Muschenbroek. 
Emerson. 

do. 

do. 

do. 

do. 

do. 

do. 
Romford. 


called  Eau  Bfedidnale  lyfftuson*  The  se* 
diment  of  the  infusion  ought  to  be  removed 
by  filtration,  as  it  occasions  gripes,  sickness, 
and  vomiting. 

COLCOTHAR.  The  brown>red  oxide 
of  iron,  which  remains  after  the  distillation  of 
the  acid  from  sulphate  of  iron  :  it  is  used  for 
polishing  glass  and  other  substances  by  art- 
ists, who  call  it  crocus,  or  crocus  martis. 

COLD.  The  privation  of  heat.  See  Ca- 
loric, Congelation,  and  Temperatitre. 

COLOCYNTHINE,  Oilocynth  treated 
with  alcohol  yields  the  bitter  substance  much 
purer  than  when  water  is  used.  Hie  alcoho- 
lic solution  evaporated,  yields  a  very  brittie 
sulMtance,  of  a  gold-yellow  colour;  which 
when  put  into  cold  water  produces  a  solution, 
while  white  opaque  filaments  remain,  which 
ultimately  form  a  soft  semitransparent  yellow 
mass  resembling  some  resins. 

Iliis  substance,  containing  the  bitterness  of 
the  colocynth,  appears  to  be  a  peculiar  prin- 

■ 
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dple.      It  is  very  soluble  in  alcohol^  far  less  its  rapid  uDion  with  others,  causes  a  disen- 

so  in  water,  but  affords  with  it  a  solution  of  gagement  of  heat  and  light     To  determine 

extreme  bitterness,  and  frothing  on  agitation,  this  rapidity  of  combination,  or  intensity  of 

'^Vauqueliny  Journ.  de  Pharmacie  Cor  1824^  chemical  action,  a  certain  elevation  of  temper- 

416.  ature  is  necessary,  which  differs  for  eveiy  dif- 

COLOPHONITE.  A  mineral  of  a  ferent  combustible.  This  difference  thrown 
blackish  or  yellowish-brown,  or  orange-red  into  a  tabular  form,  would  constitute  tbdr 
colour ;  of  a  resino-adamantine  lustre ;  and  scale  of  accendibitUy,  or  degree  of  accension. 
conchoidal  fracture.  Its  sp.  gr.  is  4i.O.  It  Stahl  adopted,  and  refined  on  the  vulgar 
consists  of  silica  35,  alumina  13.5,  lime  29.0,  belief  of  the  heat  and  light  coming  from  the 
magnesia  6,5,  oxide  of  iron  7.5,  oxide  of  combustible  itself:  Lavoisier  advanced  the 
manganese  4.75,  and  oxide  of  titanium  0.5.  opposite  and  more  limited  doctrine,  that  the 
It  occurs  massive,  in  angulo-granular  con-  heat  and  light  proceeded  from  the  oxygenous 
cretions,  and  in  rhomboidal  dodecahedrons,  gas  in  air  and  other  bodies,  which  he  regard- 
whose  surfaces  have  a  melted  appearance.  It  ed  as  the  true  pabulum  of  fire.  StahKs  opi- 
is  the  resinous  garnet  of  Haiiy  and  Jameson,  nion  is  perhaps  more  just  than  Lavoisier's  ; 
It  is  found  in  magnetic  ironstone  at  Arendal  for  many  combustibles  burn  together,  with- 
in Norway.  It  occurs  also  in  Piedmont  and  out  the  presence  of  oxygen,  or  of  any  analo- 
Ceylon.  gous  fancied  supporters ;  as  chlorine,  and  the 

COLOPHONY.     Colophony,  or  black  adjuncts  to  oxygen,  have  been  unphilosophi- 

resin,  is  the  resinous  residuum  aher  the  dis-  cally  called.    Sulphur,  hydrogen,  carbon,  and 

tillation  of  the  light  oil,  and  thick  dark  red-  azote,  are  as  much  entitled  to  be  styled  tup- 

dish  balsam,  from  turpentine.  porters  as  oxygen  and  chlorine ;  for  potassium 

COLOURING  MATTER.     See  Dye-  bums  vividly  in  sulphuretted  hydrogen,  and 

XNG.  in  prussine,  and  most  of  the  metals  burn  with 

COLUMBITE.  A  mineral  found  at  sulphur  alone.  Heat  and  light  are  disen- 
Haddam  in  Connecticut.  It  occurs  in  small  gaged,  with  a  change  of  properties,  and  red- 
amorphous  masses,  and  in  minute  crystals,  procal  saturation  of  the  combining  bodies, 
disseminated  in  a  granitic  aggregate.  Colour  All  the  combustible  gases  are  certainly  capa^ 
greyish-black ;  opaque ;  fracture  imperfectly  ble  of  affording  heat  to  the  degree  of  incan- 
conchoidal.  Scratches  glass,  but  does  not  descence,  as  is  shewn  by  their  mechanical 
strike  fire  with  steeL     Powder  dark  brown  ;  condensation. 

sp.  gr.  5.9.     Borax  dissolves  it  very  slowly         Sound  logic  would  justify  us  in  regarding 

at  the  blowpipe  into  a  pale  yellowish  glass,  oxygen,  chlorine,  and  iodine,  as  in  reality 

The  form  of  tlie  crystal  is  a  compressed  rec-  combustible  bodies,  perhaps  more  so  than 

tangular  prism,   truncated    on    the  lateral  those  substances  vulgarly  called  combustible, 

edges ;  or  a  four-sided  pyramid.    Tlie  colum-  Experiments  with  the  condensing  syringe, 

bite  is  an  ore  of  the  tantalum  of  Berzelius,  and  the  phenomena  of  the  decomposition  of 

or  columbium  of  Hatchetu     See  Ores  of  euchlorinef  prove  that  light  as  well  as  heat 

Tantalum.  may  be  afforded  by  oxygen  and  chlorine.   If 

COLUM  6IUM.  If  the  oxide  of  colum-  the  body,  therefore,  which  emits,  or  can  emit, 
bium,  described  under  Acid  (Columbic),  light  and  heat  in  copious  streams,  by  its  ac- 
he mixed  with  charcoal,  and  exposed  to  a  tion  on  others,  be  a  combustible,  then  chlo- 
violent  heat  in  a  charcoal  crucible,  the  metal  rine  and  oxygen  merit  that  designation  aa 
columbium  will  be  obtained.  It  has  a  dark  much  as  charcoal  and  sulphur.  Azote  is  de- 
grey  colour ;  and,  when  newly  abraded,  the  clared  by  the  expounders  of  the  Lavoisierian 
lustre  nearly  of  iron.  Its  sp.  gr.  when  in  creed  to  be  a  simple  incombustible.  Yet  its 
agglutinated  particles,  was  found  by  Dr  mechanical  condensation  proves  that  it  can 
WoUaston  tobe  5.61.  These  metallic  grains  afford,  from  its  own  resources,  an  incan- 
scretch  glass,  and  are  easily  pulverized.  Nei-  descent  heat ;  and  with  chlorine,  iodine,  and 
ther  nitric,  muriatic,  nor  nitro-muriatic  acid,  metallic  oxides— «11  incombustibles  on  the  an- 
produce  any  change  in  this  metal,  though  uphlogistic  notion-^t  forms  compounds  pos- 
digested  on  it  for  several  days.  It  has  been  sessed  of  combustible  properties,  in  a  pre- 
alloyed  with  iron  and  tungsten.  See  Acid  eminent  and  a  tremendous  degree  of  concen- 
(CoLCJMBic).  tration.    It  is  melancholy  to  reflect  with  what 

Professor  Hiinefeld  conceives  that  he  has  easy  credulity  the  fictions  of  the  Lavoisierian 
detected,  in  the  iron  slags  of  Upper  Silesia,  faith  have  been  received  and  propagated  by 
columbium,  as  well  as  tlie  titanium  formerly  chemical  compilers,  sometimes  sufficiently  in- 
detected  in  tliem  by  M.Karsten.  credulous  on  subjects  of  rational  beliell     See 

COMBINATION.    The  intimate  union  the  next  Ar tide. 
of  the  particles  of  different  substances  by  che-         The  electric  polarities  unquestionably  show, 

mical  attraction,  so  as  to  form  a  compound  what  no  person  can  wish  to  deny,  that  be- 

possessed  of  new  and  peculiar  properties.  See  tween  oxygen,  chlorine,  iodine,  on  one  hand* 

AiT&ACTiON,  Equivalemt,  and  Gas.  and  hydrogen,  charcoal,  sulphur,  phoaphorus, 

COMBUSTIBLE.     A  body  which,  in  and  the  metals,  on  the  other,  there  exist 
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striking  ^fferencea.  The  fovmer  are  attnct- 
ed  by  the  positiTe  pole,  the  latter  by  the  ne- 
gatiTe,  in  voltaic  arrangements.  But  still 
nothing  definitiTe  can  be  inferred  from  this 
fact ;  because  in  the  actions  of  what  are  call- 
ed combustibles  on  each  other,  without  the 
presence  of  the  other  class,  we  have  an  exhi- 
bition of  opposite  electrical  polarities.  Sul- 
phiur  and  metallic  plates,  by  mutual  friction 
or  mere  contact,  produce  dectrical  changes, 
which  apparently  prove  that  sulphur  should 
be  ranked  along  with  oxygen,  chlorine^  and 
acids,  apart  from  combustibles  whose  poUuri- 
ties  are  negative  Sulphuretted  hydrogen,  in 
its  dectrical  relations  to  metals,  ranks  also 
with  oxygen  and  acids.  How  vague  and  fal- 
lacious a  rule  of  classification  electrical  pola- 
rity would  afford,  may  be  judged  of  from  the 
following  unquestionable  fiicts :  "  Among  the 
substances  that  combine  chemically,  all  those 
the  electrical  energies  of  which  are  well 
known,  exhibit  opposite  states ;  thus  copper 
and  zinc,  gold  and  quicksilver,  sulphur  and 
the  metals,  the  acid  and  alkaline  substances, 
afford  apposite  instances.  In  the  voltaic  com- 
bination of  diluted  nitrous  acid,  zinc  and  cop- 
per, as  is  well  known,  the  side  of  the  zinc  ex- 
posed to  the  acid  is  positive.  But  in  com- 
binations of  zinc,  water,  and  diluted  nitric 
add^  the  surface  exposed  to  the  add  is  n^a- 
tive;  though  if  the  chemical  action  of  the 
add  on  the  zinc  had  been  the  cause  of  the 
effect,  it  ought  to  be  the  same  in  both  cases.*' 
-^On  some  Chemical  Agencies  of  ElectricUtf, 
hif  Sir  H,  Davy,     PhiL  Trans.  1807. 

Combustibles  have  been  arranged  into  sim- 
ple and  compound.  The  former  consist  of 
hydrogen,  carbon,  boron,  sulphur,  phospho- 
rus, and  nitrogen,  besides  all  the  metak.  The 
latter  class  comprehends  the  hydrurets,  car- 
burets, sulphurets,  phospborets,  metallic  al- 
loys, and  organic  products. 

When  the  pure  oxides  of  iron,  cobalt,  or 
nickel,  are  reduced  by  hydrogen  gas,  at  tem- 
peratuMs  but  very  little  above  that  of  boiling 
mercury,  metals  are  obtained,  which,  When 
allowed  to  oocrf  in  the  hydrogen  gas,  inflame 
spontaneously  by  exposure  to  the  atmosphere. 
If  the  reduction  has  been  effected  at  a  red 
heat,  this  does  not  take  place. 

When  the  same  oxides  are  mixed  with  a 
little  alumina,  the  metals  obtained,  as  before, 
inflame  spontaneously  in  the  atmosphere,  even 
though  the  heat  used  has  been  that  of  redness, 
and  yet,  frtfm  the  quantity  of  oxygen  disen- 
gaged, it  has  been  evident  that  the  alumina 
has  not  been  de-oxidized* 

When  a  metal  thus  competent  to  inflame  in 
the  air  is  heated  in  carbonic  add  gas,  it  loses 
its  peculiar  property,  but  resumes  it  on  bdng 
heated  once  more  in  hydrogen  gas^  and  allow- 
ed to  cool  as  before. 

Hie  hydrogen,  however,  is  not  the  cause  of 
this  inflammation ;  for  when  oxalate  of  iron 
.is  heated  in  a  vessel  with  a  narrow  neck,  so 


that  the  add  may  be  decomposed,  and  the 
ivhole  allowed  to  cool,  the  metallic  iron  pow- 
der obtained  inflames  spontaneously  in  the 
atmosphere.  No  other  metal  but  the  three 
mentioned  have  presented  this  phenomenon. 

With  these  effects  may  possibly  be  ranged 
that  observed  by  Dr  Gobel,  as  produced  by 
the  residuum  left  after  igniting  the  tartrate  oP 
lead  in  close  vessels.— ^nnofef  dts  Mines, 
xii.  210. 

COMBUSTION.  Hie  disengagement  of 
heat  and  light  which  accompanies  chemical 
combination.  It  is  frequently  made  to  be 
synonymous  with  inflammation,  a  term  whidi 
might  be  restricted,  however,  to  that  peculiar 
spedes  of  combustion  in  which  gaseous  mat- 
ter is  burned.  Ignition  is  the  incandescence 
of  a  body  produced  by  extrinsic- means,  with- 
out change  of  its  chemical  constitution. 

Beccher  and  Stahl,  feeling  daily  the  ne- 
cessity of  fire  to  human  existence,  and  as- 
tonished with  the  metamorphoses  which  this 
power  seemed  to  cause  charcoal,  sulphur,  and 
metak  to  undergo,  came  to  regard  combus- 
tion as  the  single  phenomenon  of  chemistry. 
Under  this  impression  Stahl  frsmed  his  che- 
mical system,  the  Theoria  Chemia  Dogmatitiee, 
a  title  characteristic  of  the  spirit  with  which 
it  was  inculcated  by  chemical  professors,  as 
the  infallible  code  of  thdr  sdence  for  almost 
a  century.  When  the  discoveries  of  Scheele, 
Cavendish,  and  Priestley,  had  fully  demon- 
strated the  essentiid  part  which  air  played  in 
many  instances  of  combustion,  the  French 
school  made  a  small  modification  of  the  Ger- 
man hypothesis.  Instead  of  supposing,  with 
Stahl,  that  the  heat  and  light  were  occasioned 
by  the  emission  of  a  common  inflammable 
principle  from  the  combustible  itself,  Lavoi- 
ner  and  his  associates  dexterously  availed 
themselves  of  Black's  hypothesis  of  latent 
heat,  and  maintained,  that  the  heat  and  light 
emanated  from  the  oxygenous  sir,  at  the  mo- 
ment of  its  union  or  fixation  with  the  inflam- 
mable basis.  How  thoroughly  the  chemical 
mind  has  been  perverted  by  these  conjectural 
notions,  our  systems  of  chemistry  abundantly 
prove. 

Dr  Robison,  in  his  preface  to  Black's  Lec- 
.  tures,  after  trsdng,  with  perhaps  superfluous 
seal,  the  expanded  ideas  of  Lavoisier  to  the 
neglected  germs  of  Hooke  and  Mayhow,  says, 
**  This  doctrine  concerning  combustion,  tiie 
great,  the  charactoistic  phenomenon  of  die- 
mical  nature,  has  at  last  recdved  idmost  uni- 
versal adoption,  though  not  till  after  consi- 
derable hesitation  and  opposition ;  and  it  has 
made  a  complete  revolution  in  chemical 
sdence."  The  French  theory  of  chemistry, 
as  it  was  called,  or  hypothesis  of  combustion, 
as  it  should  have  been  named,  was  for  some 
time  classed  in  certainty  with  the  theory  of 
gravitation.  It  is  vanishing  with  the  phan- 
toms of  the  day ;  but  the  sound  logic,  the 
pure  candour,  the  numerical  precision  of 
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iDrtKDce,  whidi  cluiracterise  L«voiaicr*i  Ele-  ^miliar  to  mankind,  shoold  have  been  a  tar 

inents,  wiU  cause  his  name  to  be  hdd  in  last-  to  the  reception  of  LaTobter's  hypotbeab  of 

ing  admiration.  combustion,     llie  subterfiiges  which  have 

It  was  the  rival  logic  of  Sir  H.  Davy,  been  adopted  in  oider  to  recondle  them,  do 

aided  by  his  unriTaUed  felicity  of  investiga-  not  merit  a  detaiL 

tion,  which  first  recalled  chemistry  from  the  From  the  preceding  facts  it  is  evident, 
labyrinths  of  fancy,  to  the  more  arduous  bat  Ist,  That  combustion  is  not  necessarily  de- 
fur  more  profitable  career  of  reason.  His  pendent  on  the  agency  of  oxygen  ;  2d,  That 
researches  on  combustion  and  fiame,  already  the  evolution  of  ^e  heat  is  not  to  be  ascribed 
rich  in  blessings  to  mankind,  would  alone  simply  to  a  gas  parting  with  its  latent  store 
place  him  in  the  first  rank  of  scientific  genius,  of  that  ethereal  fluid,  on  its  fixation  or  com- 
I  shall  give  a  somewhat  copious  account  of  bustion ;  and,  3dly,  "  That  no  peculiar  sub- 
them,  since  by  some  fiitality  it  has  happened,  stance  or  form  of  matter  is  necessary  for  pro- 
that  in  our  most  extensive  system,  where  so  ducingtfae  effect;  but  that  it  is  a  general  re- 
many  pages  are  devoted  to  the  reveries  of  an-  suit  of  the  actions  of  any  substances  possessed 
cient  chemists,  the  splendid  and  useful  truths  of  strong  chemical  attractions,  or  different 
made  known  by  the  great  chemist  of  Eng-  electrical  relations,  and  that  it  takes  pbce  in 
land  have  been  almost  overlooked.  all  cases  in  which  an  intense  and  violent  roo- 

Whenever  the  chemical  forces  which  de-  lion  can  be  conceived  to  be  communicated  to 

termine  either  composition  or  decomposition  the  corpuscles  of  bodies.*' 

are  energetically  exercised,  the  phenomena  of  All  chemical  phenomena,  indeed,  may  be 

combustion  or  incandescence^  with  a  change  justly  ascribed  to  motions  among  the  ultimate 

of  properties,  are  displayed.    The  distinction,  particles  of  matter,  tending  to  change  the 

therefore^  between  supporters  of  combustion  constitution  of  the  mass, 

and  combustibles,  on  which  some  late  systems  It  was  fashionable*  for  a  while,  to  attribute 

are  arranged,  is  frivolous  and  partial.     In  -the  caloric  evolved  in  combustion  to  a  di- 

fact,  one  substance  frequently  acts  in  both  minished  capacity  for  heat  of  the  resulting 

capacities,  being  a  supporter  apparency  at  substance.     Some  phenomena,  inaccurately 

one  time»  and  a  combusiible  at  another.     But  observed,   gave  rise  to  this  generalisation, 

in  both  cases  the  heat  and  light  depend  on  On  this  subject  I  shall  content  myself  with 

the  same  cause,   and  merely   indicate  the  stating  the  conclusions  to  which  MM.  Du- 

energy  and  rapidity  with  which  reciprocal  long  and  Petit  have  come,  in  consequence  of 

attractions  are  exerted.  their  own  recent  researches  on  the  laws  of 

Thus,  sulphuretted  hydrogen  is  a  combus-  heat,  and  those  of  Berard  and   Delaroche. 

tible  with  oxygen  and  chlorine ;  a  supporter  "  We  may  likewise,**  sa/  these  able  chemists, 

witli  potassium.     Sulphur,  with  chlorine  and  '*  deduce  from  our  researches  another  very 

oxygen,  has  been  called  a  combustible  basis :  imijortant  consequence  for  the  general  theory 

with  metals  it  acts  the  part  of  a  supporter ;  of  chemical  action,  that  the  quantity  of  heat 

for  incandescence  and  reciprocal  saturation  developed  at  the  instant  of  the  combination 

result.     In  like  manner,  potassium  unites  so  of  bodies,  has  no  relation  to  the  capad^  of 

powerfully  with  arsenic,  and  tellurium  as  to  the  elements;  and  that,  in  the  greatest  num- 

produce  the  phenomena  of  combustion.     Nor  ber  of  cases,  this  loss  of  heat  is  not  followed 

can  we  ascribe  the  appearances  to  extrusion  by  any  diminution  in  the  capacity  of  the 

of  latent  heat,  in  consequence  of  condensation  compounds  formed.     Thus,  for  example^  the 

of  volume.     The  protoxide  of  chlorine,   a  combination  of  oxygen  and  hydrogen,  or  of 

body  destitute  of  any  combustible  constituent,  sulphur  and  lead,  which  produces  so  great  a 

at  the  instant  of  decomposition  evolves  light  quantity  of  beat,  occasions  no  greater  aitera- 

and  heat  with  explosive  violence ;  and  its  vo-  tion  in  the  capacity  of  water,  or  of  sulphuret 

lume  becomes  one-fiflh  greater.     Chloride  of  lead,  than  the  combination  of  oxygen  with 

and  iodide  of  asote,  compounds  alike  desti-  copper,  lead,  silver,  or  of  sulphur  with  cai^ 

tute  of  any  inflammable  matter,  according  to  bon,  produces  in  the  capacities  of  the  oxides 

the  ordinary  creed,  are  resolved  into  their  of  these  metals,  or  of  carburet  of  sulphur.** 

respective  elements  with  tremendous  force  of  •— "  We  conceive,  that  the  relations  which 

infliEmimation ;    and   the  first  expands  into  we  have  pointed  out  between  the  specific  heats 

more  than  600  times  its  bulk.     Now,  by  the  of  simple  bodies,  and  of  those  of  their  com- 

prevailing  hypothesis  of  latent  caloric,  instead  pounds,  prevent  the  possibility  of  supposing^ 

of  heat  and  light,  a  prodigious  cold  ought  to  that  the  beat  developed  in  chemical  actions 

acccHupany  such  an  expansion.     The  chlo-  owes  its  origin  merely  to  the  heat  produced 

rates  and  nitrates,  in  like  manner,  treated  by  change  of  state,  or  to  that  supposed  to  be 

with  charcoal,  sulphur,  phosphorus,  or  metals,  combined  vrith  the  material  molecules.'*^ 

deflagrate  or  detonate,  while  the  volume  of  Annalee  de  Chimie  ei  de  Phytique,  x. 

the  combining  substances  is  greatly  enlargu  Mr  Dalton,  in  treating  of  the  constitution 

ed.     The  same  thing  may  be  said  of  the  of  elastic  fluids,  lays  it  down  as  an  axiom, 

nitrogurets  of  gold  and  silver.     In  truth,  the  that  diminution  of  volume  is  the  criterion  of 

combustion  pf  gunpowder, «  phenomenon  too  chemical  aflinity  being  exercised ;  and  hence 
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that  the  stmotpbaric  air  la  a  mane 
miztiire.  Tbimf  also>  the  eztricatioa  of  beat 
from  chemical  union  has  been  usually  referred 
to  the  condensation  of  Tolume.  The  follow- 
ing examples  will  show  the  foliacy  of  such 
hypotheses.  1.  Chlorine  and  hydrogen  mixed, 
explode  by  the  sunbeamy  electric  spark,  or 
inflamed  taper,  with  the  disengagement  of 
much  heat  and  light ;  and  the  volume  of  the 
miztuie^  which  is  greatly  enlarged  at  the  in* 
stent  of  combination,  suffers  no  condensation 
afterwarda.  Muriatic  add  gas,  baring  the 
mean  density  of  its  components!,  is  produced. 

2.  When  one  volume  cdf  olefiant  gas  and  one 
of  oxygen  are  detonated  together,  three  and 
a  half  gaseous  volumes  result ;  the  greater 
part  of  the  hydrogen  remains  untouched,  and 
a  volume  and  a  half  of  carbonic  oxide  is 
fonned,  with  about  1-lOth  of  carbonic  acid. 

3.  The  following  experiments  of  JVl.  Gay 
Lussac  on  liquid  combinations  are  to  the 
aame  puipose.  1.  A  saturated  solution  of 
nitrate  of  ammonia,  at  the  temperature  of  61®, 
and  of  the  density  1.302,  was  mixed  with 
water  in  the  proportion  of  ^05  to  33.76. 
Tlie  temperature  of  the  mixture  sank  8.9® ; 
but  the  density  at  61®  was  1.159,  while  the 
mean  density  was  only  1.151.  2.  On  add- 
ing water  to  the  preceding  mixture,  in  the 
proportion  of  33.61  to  39.28»  the  tempera- 
ture sank  3.4°,  while  the  density  continued 
0.003  above  the  mean.  Other  saline  solu- 
tions presented  the  same  result,  though  none 
to  so  great  a  degree. 

That  the  internal  motions  which  accompany 
the  change  in  the  mode  of  combination,  in- 
dependent of  change  of/arm,  occasion  the 
evolution  of  heat  and  light,  is  evident  from 
the  following  observations  of  Berzelius:— > 
In  the  year  181 1,  when  he  was  occupied  with 
examining  the  combinations  of  antimony,  he 
discovered,  accidentally,  that  several  metalline 
antimoniates,  when  tbey  begin  to  grow  red- 
hot,  exhibit  a  sudden  appearance  of  fire,  and 
then  the  temperature  again  sinks  to  that  of 
the  surrounding  combustibles.  He  made 
numerous  experiments  to  elucidate  the  na- 
ture of  this  appearance,  and  ascertained  that 
the  weight  of  this  salt  was  not  altered,  and 
that  the  appearance  took  place  without  the 
presence  of  oxygen.  Before  the  appearance 
of  fire,  these  salts  are  very  easily  decomposed, 
but  afterwards  they  are  attacked  neither  by 
acids  nor  alkaline  leys— a  proof  that  their 
constituents  are  now  held  together  by  a 
stronger  affinity,  or  that  they  are  more  inti- 
mately combined.  Since  that  time  he  has 
observed  these  appearances  in  many  other 
bodies,  as,  for  example,  in  green  oxide  of 
chromium,  the  oxides  of  tantalum  and  rho- 
dium.    See  CHftOHiuii. 

Mr  Edmund  Davy  found,  that  when  a 
neutral  solution  of  platinum  was  precipitated 
by  bydrosulphuret  of  potash,  and  the  preci- 
pitate dried  in  air  deprived  of  oxygen,  a  black 


compound  was  obtafned,  which,  when  heated 
out  of  the  omtact  of  air,  gave  out  sulphur 
and  some  sulphuretted  hydrogen  gas,  while  a 
combustion  similar  to  that  in  the  formation 
of  the  metallic  solphurets  appeared,  and  con^ 
mon  sulphureC  of  platinum  remained  behind. 
When  we  heat  the  oxide  of  rhodium,  obtained 
.  from  the  soda.muriate,  water  first  comea 
over;   and  on  increasing  the  tempenUure 
combustion  takes  places  oxygen  gas  is  sud- 
denly disengaged,  and  a  suboxide  of  rhodium 
remains  behind.     The  two  last  caaes  are  ana* 
logous  to  that  of  the  protoxide  of  chlorine^ 
the  euck/orine  of  Sir  H.  Davy.     Gadotinite^ 
the  silicate  of  yttria,  was  first  observed  by  Dr 
WoUaston  to  display  a  similar  lively  incan^ 
descence.     The  variety  of  this  mioml  with, 
a  ghuwy  fracture^  answers  better  than  the 
splintery  variety.     It  is  to  be  heated  before 
the  blowpipe,  so  that  the  whole  piece  becomes 
equally  hoL     At  a  red  heat  it  catches  fire, 
llie  coloor  becomes  greenish-grey,  and  the 
solubility  in  acids  b  destroyed.     Two  small 
pieces  of  gadolinite»  one  of  which  had  been 
heated  to  redness,  were  put  in  aqua  regie: 
the  first  was  diseolved  in  a  few  hours  $  the 
second  was  not  attacked  in   two  months. 
Finally,  Sir  H.  Davy  observed  a  similar  phe- 
nomenon on  heating  hydrate  of  zirconia. 

The  verbal  hypothesis  of  thermoxygen  by 
Brugnatelli,  with  Dr  Thomson's  supporters, 
partial  supporters,  and  semi-cmnbustion,  need 
not  detain  us  a  moment  from  the  substantial 
facts,  the  noble  truths,  first  revealed  by  Sir 
H.  Davy,  concerning  tiie  mysterious  process 
of  combustion.  Of  the  researches  which 
brought  them  to  light  it  has  been  said,  with- 
out any  hyperbole,  that  **  if  Bacon  were  to 
revisit  the  earth,  this  is  exactly  such  a  case 
as  we  should  choose  to  place  before  him,  in 
order  to  give  him,  in  a  small  compass,  an  idea 
of  the  advancement  which  philosophy  haa 
made  since  the  time  when  he  had  pointed 
out  to  her  the  route  which  she  ought  to  pur- 


sue. 


I* 


The  coal  mines  of  England,  alike  essential 
to  the  comfort  of  her  population  and  her  finan- 
cial resources,  had  become  infested  with  fire- 
damp, or  inflammable  air,  to  such  a  degree 
as  to  render  the  mutilation  and  destruction 
of  the  miners,  by  frequent  and  tremendous 
explosions,  subjects  of  sympathy  and  dismay 
to  the  whole  nation.  By  a  late  explosion  in 
one  of  the  Newcastle  collieries,  no  less  than 
one  hundred  and  one  persons  perished  in  an 
instant ;  and  the  misery  heaped  on  their  for- 
lorn families,  consbting  of  more  than  three 
hundred  persons,  is  inconceivable.  To  sub- 
due this  gigantic  power  was  the  task  which 
Sir  H.  Davy  assigned  to  himself;  and  which, 
had  his  genius  been  baffled,  the  kingdom 
could  scarcely  hope  to  see  achieved  by  an- 
other. But  the  stubborn  forces  of  nature 
can  only  be  conquered,  as  Lord  Bacon  just-, 
ly  pointed  out,  by  examining  them  in  the 
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nascent  itate,  and  avA^etdng  them  to  experi* 
mental  interrogation,  under  every  diverrity 
of  circumstance  and  form.  It  was  this  in- 
▼esdgation  which  first  hud  open  the  hitherto 
unseen  and  inaccessible  sanctuary  of  Fire. 

As  some  attempts,  however,  have  been  made 
to  insinuate  that  Sir  H.  Davy  stole  the  germ 
of  his  discoveries  from  the  late  Mr  Tennant, 
it  may  be  proper  to  prrface  the  account  of 
them  by  the  following  extract  from  **  Reso- 
lutions of  a  Meeting  held  for  considering  the 
Facts  relating  to  the  Discovery  of  the  Lamp 
of  Safety/' 

"  Suko  SgiMre,  Kov.  20.  1817. 
**  3d.— That  Sir  H.  Davy  not  only  disco- 
vered, independently  of  all  others,  and  with- 
out any  knowledge  of  the  unpublished  ex- 
periments of  the  late  Mr  Tennant  on  flame, 
the  principle  of  the  non-communication  of 
explosions  through  small  apertures,  but  that 
he  has  also  the  sole  merit  of  having  first  ap- 
plied it  to  the  very  important  purpose  of  a 
safety-lamp,  which  has  evidently  been  imi- 
tated in  the  latest  lamps  of  Mr  George 
Stephenson. 

(Signed)        Joseph  Banks,  P.  R.  & 
William  J.  Brande. 
Charies  HatchetL 
William  Hyde  Wollaston. 
Thomas  Young.** 
See  the  whole  document  in  TilIoch*s  Maga- 
zine, vol.  1.  p.  387. 

The  phenomena  of  combustion  may  be 
conveniently  considered  under  six  heads :— > 
If/,  The  temperature  necessary  to  inflame 
different  bodies.  2^,  The  nature  of  flame, 
and  the  relation  between  the  light  and  heat 
which  compose  it.  3d,  The  heat  disengaged 
by  different  combustibles  in  burning,  iih. 
The  causes  which  modify  and  extinguish 
combustion,  and  of  the  safe-lamp.  5th,  In* 
visible  combustion.  6ch,  "Practical  inferences. 
Iff,  Of  the  temperature  neees»art/  to  in- 
Jlame  different  bodiet.  \st,  A  simple  experi- 
ment shows  the  successive  combustibilities  of 
.  the  different  bodies.  Into  a  long  bottle  with 
a  narrow  neck,  introduce  a  lighted  taper,  and 
let  it  bum  till  it  is  extinguished.  Carefully 
stop  the  bottle^  and  introduce  another  lighted 
taper.  It  will  be  extinguislied  before  it  reach- 
es the  bottom  of  the  neck.  Then  introduce 
a  small  tube,  containing  rinc  and  dilute  sul- 
phuric acid,  at  the  aperture  of  which  the  hy- 
drogen is  inflamed.  The  hydrogen  will  be 
found  to  bum  in  whatever  part  of  the  bottle 
the  tube  is  placed.  After  the  hydrogen  is 
extinguished,  introduce  lighted  sulphur.  This 
will  bum  for  some  time ;  and,  after  its  ex- 
tinction, phosphorus  will  be  as  luminous  as  in 
the  air,  and,  if  heated  in  the  bottle,  will  pro- ' 
duce  a  pale  yellow  flame  of  considerable 
density. 

Phosphorus  is  said  to  take  Are  when  heated 
to  150^,  and  sulphur  to  S50^.  Hydrogen 
inflames  with  chlorine  at  a  lower  temperature 


than  with  oxygen.  By  exposing  oxygen  and 
hydrogen,  confined  in  glass  tubes,  to  a  very 
dull  red  (about  800  F. )  they  explode.  When 
the  heat  was  about  700  F.  they  combined  ra- 
pidly with  a  species  of  silent  combustion.  A 
mixture  of  common  air  and  hydrogen  was  in- 
troduced into  a  small  copper  tube,  having  a 
stopper  not  quite  tight ;  the  copper  tube  was 
placed  in  a  charcoal  fire ;  before  it  became 
visibly  red-hot  an  explosion  took  place,  and 
the  stopper  was  driven  out.  We  see,  there- 
fore, that  the  inflaming  temperature  is  inde- 
pendent of  compression  or  rarefaction. 

The  ratio  of  ^e  combustibility  of  the  diff*e- 
rent  gaseous  matters  is  likewise,  to  a  certain 
extent,  as  the  masses  of  heated  matters  re- 
quired to  inflame  them,  lltus,  an  iron  wire 
l-40th  of  an  indi,  heated  cherry-red,  will  not 
inflame  olefiant  gas,  but  it  will  inflame  hy- 
drogen gas.  A  wire  of  l-8th,  heated  to  the 
same  degree,  will  inflame  olefiant  gas.  But 
a  wire  y^  of  an  inch  must  be  heated  to 
whiteness  to  inflame  hydrogen,  though  at  a 
low  red  heat  it  will  inflame  biphosphuretted 
gas.  Yet  wire  of  l-40th,  heated  even  to 
whiteness,  will  not  inflame  mixtures  of  flre- 
damp.  Carbonic  oxide  inflames  in  the  at- 
mosphere when  brought  into  contact  with  an 
iron  wire  heated  to  dull  redness;  whereaa 
carfouretted  hydrogen  is  not  inflammable,  un- 
less the  iron  is  heated  to  whiteness,  so  as  to 
bum  with  sparks. 

These  circumstances  will  explain  why  a 
mesh  of  wir^  so  much  finer  or  smaller,,  is  re- 
quired to  prevent  the  explosion  from  hydro- 
gen and  oxygen  from  passing ;  and  why  so 
coarse  a  texture  and  wire  are  sufficient  to 
prevent  the  explosion  of  the  fire-damp,  for- 
tunately the  least  combustible  of  all  the  in- 
flammable gases  known.  The  flame  of  sul- 
phur, which  kindles  at  so  low  a  temperature, 
will  exist  under  refirigerating  processes  which 
extinguish  the  flame  of  hydrogen  and  all 
carburetted  gases. 

Let  the  smallest  possible  flame  be  made  by 
a  single  thread  of  cotton  immersed  in  oil,  and 
burning  immediately  upon  the  surface  of  the 
oil :  It  will  be  found  to  yield  a  flame  about 
l-30th  of  an  inch  in  diameter.  Let  a  tine 
iron  wire  ofy-J^  of  an  inch,  made  into  a  ring 
of  I-40th  of  an  inch  diameter,  be  brought 
over  the  flame,  lliough  at  such  a  distance, 
it  will  instantly  extinguish  the  flame,  if  it  be 
cold,'  but  if  it  be  held  above  the  flame,  so  as 
to  be  slightly  heated,  the  flame  may  be  passed 
through  it  without  being  extinguished.  That 
the  effect  depends  entirely  on  the  power  of  the 
metal  to  abstract  the  heat  of  flame,  is  shown 
by  bringing  a  glass  capillary  ring  of  the  same 
diameter  and  size  over  the  flame.  Tb  is  being 
a  much  worse  conductor  of  heat,  will  not, 
even  when  cold,  extinguish  it.  If  its  size, 
however,  be  made  greater,  and  its  circumfe- 
rence smaller,  it  will  act  like  the  metallic 
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win,  and  require  to  be  heated  to  prevent  it  The  fbllowiii^  experiments  show  that  this  ui> 

from  eztinguiBhing  the  flame.     Now  a  flame  the  true  solution  of  the  problem* 
of  sulphur  may  be  made  much  smaller  than  If  we  hold  a  piece  of  wire-gauze,  of  about- 

that  of  hydrogen  ;  one  of  hydrogen  may  be  900  apertures  to  the  square  incli,  over  a  stream 

made  much  smaller  than  that  of  a  wick  fed  of  coal  gas  issuing  from  a  small  pipe,  and  if* 

with  oil ;  and  that  of  a  wick  fed  with  oil  we  inflame  tlie  gas  above  the  wire-gauze  left 

smaller  than  that  of  carboretted  hydrogen.    A  almost  in  contact  with  the  orifice  of  the  pipe, 

ring  of  cool  wire,  which  instantly  extinguishes  it  bums  with  its  usual  bright  light.     On 

the  flame  of  carfouretted  hydrogen,  diminishes  raising  the  wire-gauze,  so  as  to  cause  the  gair 

but  slightly  the  size  of  a  flame  of  sulphur  of  to  be  mixed  with  more  air  before  it  inflames, 

the  same  dimensions.  the  light  becomes  feebler,  and  at  a  certain 

By  the  following  simple  contrivance,  we  distance  the  flame  assumes  the  predae  char- 
may  determine  the  relative  facility  of  burning  acter  of  that  of  an  explosive  mixture  burning' 
among  different  combustibles.  Prepare  a  se-  within  the  lamp.  But  though  the  light  is  so 
ries  of  metallic  globules  of  different  sizes,  by  feeble  in  this  case,  the  heat  is  greater  than 
fusion  at  the  end  of  iron  wires,  and  light  a  when  the  light  is  much  more  vivid.  A  piece 
series  of  very  minute  flames  of  different  bo-  of  wire  of  platina,  held  in  this  feeble  blue 
dies,  all  of  one  size.  If  a  globule  U20th  of  flame,  becomes  instantly  wliite-hot. 
an  inch  diameter  be  brought  near  an  oil  On  revening  the  experiment,  by  inflaming^ 
flame  of  l-30th  in  diameter,  it  will  extin-  a  stream  of  coal  gas,  and  passing  a  piece  of 
guish  it,  when  cold,  at  the  distance  of  a  di»-  wire-gauze  gradually  from  the  summit  of  the 
meter.  The  size  of  the  spherule  adequate  to  flame  to  the  orifice  of  Uie  pip^  the  result  isr 
&e  extinction  of  the  particular  flame,  will  be  still  more  instructive.  It  is  found  that  the 
a  measure  of  its  combustibility.  If  the  glo.>  apex  of  the  flame^  intercepted  by  the  wire- 
bule  be  heated,  however,  the  distance  will  gauze,  affords  no  solid  charcoal ;  but  in  pass- 
diminish  at  which  it  produces  extinction,  ing  it  downwards,  solid  charcoal  is  given  off 
At  a  white  heat,  the  globule,  in  the  above  in  considerable  quantities,  and  prevented  from 
instance^  does  not  extinguish  it  by  actual  burning  by  the  cooling  agency  of  the  wire- 
contact,  though  at  a  dull  red  heat  it  immedi-  gauze.  At  the  bottom  of  the  ^tane,  where 
ately  produces  the  effect.  the  gas  burned  blue,  in  its  immediate  con- 

Sid,  Of  the  nature  ofjlame,  and  of  (he  re-  tact  with  the  atmosphere,  charcoal  ceased  to 
lotion  between  the  light  and  the  heat  which  be  deposited  in  visible  quantities. 
comjKse  it^  The  flame  of  combustible  bodies  The  principle  of  the  increase  of  the  bril^- 
may,  in  all  cases,  be  considered  as  the  com-  liancy  and  density  of  flame,  by  the  produc- 
bustion  of  an  explosive  mixture  of  inflame  tion  and  ignition  of  solid  matter,  appears  to 
mable  gas  or  vapour  with  air.  .  It  caniu>t  be  admit  of  many  applications.  Thus,  olefiant 
regarded  as  a  mere  combustion,  at  the  sur-  gas  gives  the  most  brilliant  white  light  of  all 
fiice  of  contact,  of  the  inflammable  matter,  combustible  gases,  because,  as  we  learn  from 
This  £u:t  is  proved  by  holding  a  taper,  or  a  Berthollet*s  experiments,  related  under  Car- 
piece  of  burning  phosphorus,  within  a  large  buretted  Hydrogen,  at  a  very  high  tempera- 
flame  made  by  the  combustion  of  alcohol,  ture  it  deposits  a  very  large  quantity  of  so- 
The  flame  oi  Uie  taper,  or  of  the  phosphorus,  lid  carbon.  Phosphorus,  which  rises  in  va- 
will  appear  in  the  centre  of  the  other  flame,  pour  at  common  temperatures,  and  the 


proving  that  there  is  oxygen  even  in  its  in-  pour  of  which  combines  with  oxygen  at  those 

terior  part.     When  a  wire-gauze  safe-lamp  temperatures,  is  always  luminous ;  for  each 

is  made  to  bum  in  a  very  explosive  mixture  particle  of  acid  formed  must,  there  is  every 

of  coal  gas  and  air,  the  light  is  feeble,  and  of  reason  to  believe^  be  white-hot     So  flew  of 

a  pale  colour.     Whereas  the  flame  of  a  cur-  these  particles,  however,  exist  in  a  given  space, 

rent  of  coal  gas  burnt  in  the  atmosphere^  as  that  they  scarcely  raise  the  temperature  of  a 

Is  well  known  by  the  phenomena  of  the  gas  solid  body  exposed  to  them,  though,  as  in  the 

lights,  is  extremely  brilliant.     It  becomes,  rapid  combustion  of  phosphorus,  where  im- 

therefore,  a  problem  of  some  interest,  ^  Why  mense  numbers  are  existing  in  a  small  spacer 

the  combustion  of  explosive  mixtures,  under  they  produce  a  most  intense  heat, 
different  circumstances,  should  produce  such         The  above  principle  readily  explains  the 

different  appearances  ?*'    In  reflecting  on  the  appearances  of  the  different  parts  of  the  flames 

circumstances  of  these  two  species  of  com-  of  burning  bodies,  and  of  flame  urged  by  the 

bustion.  Sir  H.  Davy  was  led  to  imagine,  blowpipe.     The  point  of  the  inner  blue  flame» 

that  the  cause  of  the  superiority  of  the  light  where  the  heat  is  greatest,  is  the  point  where 

of  the  ttream  of  coal  gas,  might  be  owing  to  the  whole  of  the  charcoal  is  bumed  in  its 

the  decomposition  of  a  part  of  the  gas,  towards  gaseous  combinations,  without  previous  de- 

the  interior  of  the  flame^  where  the  air  was  position. 

in  the  smallest  quantity,  and  the  deposition         It  explains  also  the  intensity  of  the  light 

of  solid  charcoal,  which  first  by  its  ignitioUf  of  those^me*  in  which  Jixed  solid  matter  is 

and  afterwards  by  its  conUtustion,  increased,  produced  in  combustion,  such  as  the  flame  of 

in  a  high  degree,  the  intensity  of  the  light,  phosphorus  and  of  zinc  in  oxygen,  &c  and 
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of  poCafliittin  in  chlorine ;  and  the  feetdeness 
of  the  light  of  those  flames  in  which  gaseous 
and  ▼olacile  matter  alone  b  produced,  such 
as  those  of  hydrogen  and  of  sulphur  in  oxy- 
gen, phosphorus  in  chlorine^  &c 

It  offSers  means  of  increasing  the  light  of 
certain  burning  substances,  by  placing  in  their 
flames  even  incombustible  substances.  Thus 
the  intensity  of  the  light  of  burning  sulphur, 
hydrv^n,  cart>onic  oxide^  &c  is  wonderfully 
increased  by  throwing  into  them  oxide  of 
line,  or  by  placing  in  them  very  fine  amian- 
thus or  metallic  gauze. 

It  leads  to  deductions  concerning  the  che- 
mical nature  of  bodies,  and  various  phenome- 
na of  th^r  decomposition.  Thus  ether  bums 
with  a  flame  which  seems  to  indicate  the  pre- 
sence of  olefiant  gas  in  that  subatance.  Al- 
cohol bums  with  a  flame  similar  to  that  of  a 
mixture  of  carbonic  oxide  and  hydrogen. 
Hence  the  first  is  probably  a  binary  com- 
pound of  olefiant  gas  and  water,  and  the 
second  of  carbonic  oxide  and  hydrogen. 
When  protochloride  of  copper  is  introduced 
into  the  flame  of  a  candle  or  lamp,  it  afibrda 
peculiar  dense  and  brilliant  red  light,  tinged 
with  green  and  blue  toward  the  edges,  which 
seems  to  depend  upon  the  chlorine  being  se> 
panted  from  the  copper  by  the  hydrogen, 
and  the  igniti(m  and  combustion  of  the  apUd 
copper  and  diarcoal. 

Similar  explanations  may  be  given  of  the 
phenomena  presented  by  the  action  of  other 
combinations  of  chlorine  on  flame ;  and  it  is 
probable,  in  many  of  those  cases,  when  the  co- 
lour of  flame  is  changed  by  the  introduction 
of  incombustible  compounds,  that  the  effect 
depends  on  the  production,  and  subsequent 
ignition  or  combustion,  of  inflammable  mat- 
ter from  them.  Thus  tiie  rose-coloured  light 
given  to  flame  by  the  compounds  of  strontium 
and  calcium,  and  the  yellow  colour  given  by 
those  of  barium,  and  the  green  by  those  of 
boron,  may  depend  upon  a  temporary  produc- 
tion of  these  bases,  by  the  inflammable  mat- 
ter of  the  flame.  Dr  Clark's  experiments  on 
the  reduction  of  baryta  by  the  hydroxygen 
lamp,  is  favourable  to  this  idea.  Nor  should 
any  supposed  inadequacy  of  heat  in  ordinary 
flame  prevent  us  from  adopting  this  conclu- 
sion. Flame,  or  gaseous  matter,  heated  so 
highly  as  to  be  luminous,  possesses  a  tempe- 
rature beyond  the  white  heat  of  solid  bodies, 
as  is  shown  by  the  circumstance,  that  air  not 
luminous  will  communicate  this  degree  of 
heat.  This  is  proved  by  a  simple  experiment. 
Hold  a  fine  wire  of  platinum  about  J-20th 


of  an  inch  fWnn  the  exterior  of  the  middle  of 
the  flame  of  a  spirit-lamp,  and  conceal  the 
flame  by  an  opaque  body.  The  wire  will 
become  white-hot  in  a  space  where  there  it 
no  visible  light.  The  real  tempenttuis  of 
visible  flame  is  perhaps  as  high  aa  any  we  are 
acquainted  with.  Mr  Tennant  used  to  il- 
lustrate this  position,  by  fusing  a  small  fila^ 
ment  of  platinum  in  the  flame  of  a  common 
candle. 

These  views  will  probably  offer  illustnitioiis 
of  electrical  light.  The  voltaic  arc  of  flame 
from  the  great  battery  differs  in  colour  and 
intensity,  according  to  the  substances  em- 
ployed in  the  circuit,  and  is  infinitely  more 
brilliant  and  dense  witli  charcoal  than  with 
any  other  substance.  May  not  this  depend, 
says  9xr  H.  Davy,  upon  particles  of  the  sub- 
stances separated  by  the  dectrical  attractions  ? 
And  the  particles  of  charcoal,  being  the 
lightest  among  solid  bodies  (as  tfaeur  prime 
equivalent  shows),  and  the  least  coherent, 
would  be  separated  in  the  largest  quantities. ' 

The  heat  of  flames  may  be  actually  dimi- 
nished by  increasing  their  light,  (at  least  the 
heat  communicable  to  other  matter),  and  wice 
vena.  The  flame  from  combustion,  whidi 
produces  the  most  intense  heat  amongst  those 
which  have  been  examined,  is  that  of  a  mix- 
ture of  oxygen  and  -hydrogen  compressed  in 
Newmann*s  blowpipe  apparatus.  (SeeBLOW- 
npE.)  This  flame  is  hardly  visible  in  bright 
day-light,  yet  it  instantly  fuses  the  most  re- 
frictorj  bodies;  and  the  light  from  solid 
bodies  ignited  in  it  is  so  vivid  as  to  be  painful 
to  the  eye.  This  application  certainly  ori- 
ginated from  Sir  H.  Davy*s  discovery,  that 
tile  explosion  from  oxygen  and  hydrogen 
would  not  communicate  through  very  small 
apertures ;  and  he  himself  first  tried  the  expe- 
riment with  a  fine  glass  capillary  tube.  The 
flame  was  not  vUibte  at  the  end  of  this  tube, 
being  overpowered  by  the  brilliant  star  of  the 
glass  ignited  at  the  aperture. 

Z»Oflhe  heal  disengaged  by  different  cmm- 
buftibUs  in  the  aci  tf  burning, 

Lavoisier,  Crawford,  Dalton,  and  Runw 
ford,  in  succession,  made  experiments  to  de- 
termine the  quantity  of  heat  evolved  in  the 
combustion  of  various  bodies.  Hie  appa- 
ratus used  by  the  last  was  perfectly  simple^ 
and  perhaps  the  most  precise  of  the  whole. 
The  heat  was  conducted,  by  flattened  pipea 
of  metal,  into  the  heart  of  a  body  of  water, 
and  was  measured  by  the  temperature  im- 
parted. The  following  is  a  general  table  of 
results:— 
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Subitiiioei  buned,  1  lb. 

Oxygen 

fwnaii  vn  All 

Ice  melted  In  Ibi. 

Lavotaicr. 

Ciawfctd* 

Dahon. 

RiuBftmL 

Hydrogen, 

7.5 

295.6 

480 

320 

Cufouretted  hydrogen. 

4 

85 

Olefiant  gas,      - 

3.50 

88 

Carbonic  oude^ 

0.58 

25 

Olive  oil. 

aoo 

H9 

89 

104 

94.07 

R^seoil, 

ao 

124.10 

Wax, 

ao 

133 

97 

104 

126.24 

Tallow, 

ao 

96 

104 

111.58 

Oil  of  turpentine, 

60 

Alcohol, 

2.0? 

58 

67.47 

Ether,  sulphuric. 

3 

62 

107.03 

97.83 

Phosphorus, 

i.as 

100 

60 

Charcoal, 

2.66 

96.5 

69 

40 

Sulphur, 

1.00 

20 

Camphor, 

70 

Caoutchouc, 

42 

The  discrepancies  in  the  preceding  table 
are  sufficient  to  show  the  necessity  of  new  ex- 
periments on  the  subject.  Count  Rumford 
made  a  series  of  experiments  on  the  heat  given 
out  during  the  combustion  of  different  woods. 
He  found  that  one  pound  of  wood,  by  burn- 
ing* produced  as  much  heat  as  would  have 
melted  from  about  34  to  54  pounds  of  ice. 
The  average  quantity  is  al>out  40.  MM. 
Clement  and  Desormes  find  that  woods  give 
out  heat  in  the  ratio  of  their  respective  quanti- 
ties of  carbon ;  which  they  state  to  be  equal  to 
one-half  of  their  total  weighL  Hence,  they 
assign  48  pounds  as  the  quantity  of  ice  melted 
in  burning  one  of  wood. 

The  preceding  table  is  incorrectly  given  in 
several  respects  by  our  systematic  writers :  Dr 
Thomson,  for  example,  states  that  1  pound  of 
hydrogen  consumes  only  6  pounds  of  oxygen, 
though  the  saturating  proportion  assigned  by 
him  is  8  pounds.  Tlie  proportions  of  oxy- 
gen consumed  by  olive  oil,  phosphorus,  char- 
coal, and  sulphur,  are  all  in  like  manner  er- 
roneous. 

It  would  appear  from  some  calculations 
of  Welther,  that  during  combustion  certain 
bodies,  in  consuming  the  same  quantity  of 
oxygen  gas,  disengage  caloric,  either  in  equal 
quantities,  or  in  quantities  that  jtre  determi- 
nate multiples  of  each  other.  Thus,  for  ex- 
ample, the  experiments  of  Despretz  show  us, 
that  the  same  quantity  of  ice  at  32**  is  melted, 
when  100  parts  of  oxygen  combine  with  car- 
bon to  produce  carbonic  acid,  or  with  hydro- 
gen to  form  water.  The  same  thing  seems 
to  occur  also  when  these  hundred  parts  of 
oxygen  bum  wood,  wax,  resin,  and  alcohol ; 
but  when  they  convert  phosphorus  into  phos- 
phoric acid,  a  quantity  of  ice  exactly  double 
of  the  former  is  fused. 

In  vol.  i.  p.  184.  of  Dr  B]ack*s  Lectures, 
we  have  the  following  notes :— '*  100  pounds 


weight  of  the  best  Newcastle  coal,  when  ap- 
plied by  tlie  most  judiciously  constructed  fur- 
nace, will  convert  alraut  l|  wine  hogsheads 
of  water  into  steam  that  supports  the  pres- 
sure of  the  atmosphere."  1^  hogsheads  of 
water  weigh  about  790  pounds.  Hence,  I 
part  of  coal  will  convert  nearly  8  parts  of 
water  into  steam.  Count  Rumford  says,, 
that  the  heat  generated  in  the  combustion  of  I 
pound  of  pit  coal,  would  make  36^  pounds 
of  ice-cold  water  boil.  But  we  know  that  it 
requires  fully  5^  times  as  much  heat  to  con- 
vert the  boiling  water  into  steam.     There- 

fore,  j^  s=  6^,  is  the  weight  of  water  that 

would  be  converted  into  steam  by  one  pound 
of  coal. 

Mr  Watt  found,  that  it  requires  8  feet  sur- 
face  of  boiler  to  be  exposed  to  fire  to  boil  off* 
one  cubic  foot  of  water  per  hour,  and  that  a 
bushel,  or  84  pounds  of  Newcastle  coal,  so 
applied,  will  boil  oif  from  8  to  12  cubic  feet. 
He  rated  the  heat  expended  in  boiling  off  a 
cubic  foot  of  water,  to  be  about  six  times  as 
much  as  would  bring  it  to  a  boiling  heat 
from  the  medium  temperature  (55**)  in  this 
climate.  The  mean  quantity  is  10  cubic 
feet,  which  weigh  625  pounds.  Hence  1 
pound  of  coal  burnt  is  equivalent  to  boil  off 
in  steam  nearly  7|  lbs.  of  water,  at  the  tem- 
perature of  55^. 

In  situations  where  wood  was  employed  for 
fuel  to  Mr  Watt's  engines,  he  allowed  three 
times  tlie  weight  of  it  that  he  did  of  New- 
castle coal.  The  cubical  coal  of  the  Glasgow 
coal  district  is  reckoned  to  have  only  J  tlie 
calorific  power  of  the  Newcastle  coal ;  and 
the  small  coal  or  culm  requires  to  be  used  in 
double  weight,  to  produce  an  equal  heat  with 
the  larger  pieces.  A  bushel  of  Newcastle 
coal  is  equivalent  to  a  hundred  weight  of  the 
Glasgow. 
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I  flball  now  describe  the  experiments  re- 
cently made  on  this  subject  by  Sir  H.  Davy, 
subseryient  to  his  researches  on  the  nature  of 
flame.  A  mercurial  gas-holder,  furnished 
with  a  system  of  stopcocks,  terminated  in  a 
strong  tube  of  platinum  having  a  minute 
aperture.  Above  this  was  fixed  a  copper  cup 
filled  with  olive  oil,  in  which  a  thermometer 
was  placed.  The  oil  was  heated  to  212^,  to 
prevent  any  difiference  in  the  communicatioQ 
of  heat,  by  the  condensation  of  aqueous  va- 
pour :  the  pressure  was  the  same  for  the  dif- 
ferent gases;  and  they  were  consumed  as 
nearly  as  possible  in  the  same  time,  and  the 
flame  applied  to  the  same  point  of  the  copper 
cup,  the  bottom  of  which  was  wiped  after 
each  experiment.  The  results  were  as  foU 
lows  :^ 


Subctsnoei. 


RUe  of  therm.     Oxygen     Ratiotof 
fttnn  21V>*  to     consumed,      beat 

Olefiantgas,         270°  dO  9.66 

Hydrogen,  238  1.0  26.0 

Sulph.  hydrogen,  232  aO  6.66 

Coal  gas,  236  4.0  &00 

Cari)onic  oxide,    218  1.0  6.00 

The  data  on  which  Sir  H.  calculates  the 
ratios  of  heat  are,  the  elevations  of  tempera- 
ture, and  the  quantities  of  oxygen  consumed 
conjointly.  We  see  that  hydrogen  produces 
more  heat  in  combustion  than  any  of  its  com- 
pounds, a  fact  accordant  with  Mr  Dalton*s 
results  in  the  former  table ;  only  Sir  H.  Da^ 
vy*s  ratio  is  more  than  double  that  of  Mr 
Dalton's,  as  to  hydrogen  and  carburetted 
hydrogen.  On  this  point,  however.  Sir  H. 
with  bis  usual  sagacity  remarks,  that  it  will 
be  useless  to  reason  upon  the  ratios  as  exact, 
for  charcoal  was  deposited  from  both  the  ole- 
fiant  gas  and  coal  gas  during  the  experiment, 
and  much  sulphur  was  deposited  from  the 
sulphuretted  hydrogen.  It  confirms,  how- 
ever, the  general  conclusions,  and  proves  that 
hydrogen  stands  at  the  head  of  the  scale,  and 
carbonic  oxide  at  the  bottom.  It  might  at 
first  view  be  imagined,  that,  according  to  Uiis 
scale,  the  flame  of  carbonic  oxide  ought  to  be 
extinguished  by  rarefaction  at  the  same  de- 
gree as  that  of  carburetted  hydrogen ;  but  it 
must  be  remembered,  as  has  been  already 
shown,  that  carbonic  oxide  is  a  much  more 
easily  kindled,  a  more  accendible  gas. 

4fi.  Of  the  eautes  which  modify  or  extinguish 
combuttion  or^ame. 

The  earlier  experimentera  upon  the  Boylean 
vacuum  observed,  that  flame  ceased  in  highly 
rarefied  air ;  but  the  degree  of  rarefaction  ne- 
cessary for  this  effect  has  been  differently 
stated.  On  this  point  Sir  H.  Davy*s  inves- 
tigations are  peculiarly  beautiful  and  instruc- 
tive. When  hydrogen  gas,  slowly  produced 
from  a  proper  mixture,  was  inflamed  at  a  fine 
orifice  of  a  glass  tube,  as  in  Priestiey's  philo- 
sophical candle,  so  as  to  make  a  jet  of  flame 
of  about  l-6th  of  an  inch  in  height,  and  in- 
troduced under  the  receiver  of  an  air-pump 


containing  from  200  to  300  cubical  inches  of 
air,  the  flame  enlarged  as  the  receiver  became 
exhausted;  and,  when  the  gauge  indicated  a 
pressure  between  4  and  5  times  less  than  that 
of  the  atmosphere,  was  at  its  naaximum  of 
size :  it  then  gradually  diminished  below,  but 
burned  above,  till  its  pressure  was  between 
7  and  8  times  less,  when  it  became  extin- 
guished. 

To  ascertain  whether  the  effect  depended 
upon  the  deficiency  of  oxygen,  he  used  a 
larger  jet  with  the  same  apparatus,  when  the 
flame,  to  his  surprise,  burned  longer ;  even 
when  the  atmosphere  was  rarefied  10  times ; 
and  this  in  repeated  trials.  When  the  hu^^er 
jet  was  used,  the  point  of  the  glass  tube  be- 
came white-hot,  and  continued  red-hot  till  the 
flame  was  extinguished.  It  immediately  oc- 
curred to  him,  that  the  heat  communicated 
to  the  gas  by  this  tube  was  the  cause  that  the 
combustion  continued  longer  in  the  last  trials 
when  the  larger  flame  was  used ;  and  the  fol- 
lowing experiments  confirmed  the  conclusion. 
A  piece  of  wire  of  platinum  was  coiled  round 
the  top  of  the  tube,  so  as  to  reach  into  and 
above  the  flame.  The  jet  of  gas  of  l-6th  of 
an  inch  in  height  was  lighted,  and  the  ex- 
haustion made.  The  wire  of  platinum  soon 
became  white-hot  in  the  centre  of  the  flame, 
and  a  small  point  of  wire  near  the  top  fused. 
It  continued  white-hot  till  the  pressure  was 
6  times  less.  When  it  was  10  times,  it  con- 
tinued red-hot  at  the  upper  part,  and  as  long 
as  it  was  dull  red,  the  gas,  though  certainly 
extinguished  below,  continued  to  burn  in 
contact  with  the  hot  wire ;  and  the  combus- 
tion did  not  cease  until  the  pressure  was  re- 
duced 13  times. 

It  appears  from  this  result,  that  the  flame 
of  hydrogen  is  extinguished  in  rarefied  atmo- 
spheres, only  when  the  heat  it  produces  is  in- 
sufficient to  keep  up  the  combustion ;  which 
appears  to  be  when  it  is  incapable  of  commu- 
nicating visible  ignition  to  metal ;  and  as  this 
is  the  temperature  required  for  the  inflamma- 
tion of  hydrogen  (see  section  1st)  at  common 
pressure,  it  appears  that  its  combustibility  is 
neither  diminished  nor  increased  by  rarefiiction 
from  the  removal  of  pressure. 

According  to  this  view  with  respect  to  hy- 
drogen, it  should  follow,  that  those  amongst 
other  combustible  bodies  which  require  less 
heat  for  their  accension,  ought  to  bum  iq 
more  rarefied  air  than  those  that  require  more 
heat ;  and  those  which  produce  much  heat  in 
their  combustion  ought  to  bum,  other  circun^ 
stances  being  the  same,  in  more  rarefied  air 
than  those  that  produce  littie  heat.  Every 
experiment  since  made  confirms  these  con- 
clusions. Thus  olefiant  gas,  which  approach- 
es nearly  to  hydrogen  in  the  temperature 
produced  by  its  combustion,  and  which  does 
not  require  a  much  higher  temperature  for 
its  accension,  when  its  flame  was  made  by  a 
jet  of  gas  from  a  bladder  connected  with  a 
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small  tnbe  ftimiflhcd  witli  a  wire  of  platinum,  and  hydrogen,  expanded  to  its  non-ezplosi? • 

under  the  same  circumstances  as  hydrogen,  tenuity,  be  exposed  to  the  ignition  of  a  glMs 

ceased  to  bum  when  the  pressure  was  dimi-  tube,  the  electric  spark  will  then  cause  an  ex- 

nished  between  10  and  1 1  tiroes.     And  the  plosion,  at  least  in  the  heated  portion  of  the 

flames  of  alccthol  and  of  the  wax  taper,  which  gases. 

require  a  greater  consumption  of  caloric  for         We  shall  now  detail  briefly  the  affects  of 

the  Tolatilization  and  decomposition  of  their  rarefaction  by  heai  on  combustion  and  explo- 

combustible  matter,  were  extinguished  when  sion.     Under  Calo&zc  we  have  shown,  that 

the  pressure  was  5  or  6  times  less  without  air,  by  being  heated  from  399  to  212°,  ex- 

tfae  wire  of  platinum,  and  7  or'  8  times  less  pands  S-Stha,  or  8  parts  become  1 1.    Sir  H. 

when  the  wire  was  kept  in  the  flame.     Light  Davy  justly  estimates  tlie  temperature  cor* 

carburetted  hydrogen,  which  produces,  as  we  responding  to  an  increase  of  one  volume  of 

have  seen,  less  heat  in  combustion  than  any  air  at  212°  into  2^  volumes,  (which  took 

of  the  common  combustible  gases  except  car*  place  when  the  enclosing  glass  tube  began  to 

bonic  oxide,  and  which  requires  a  higher  soften  with  ignition),  at  1035°  Fahr. 
temperatuxe  for  its  accension  than  any  other,         Sir  H.  introduced  into  a  small  glass  tube, 

has  its  flame  extinguished,  even  though  the  over  well  boiled  mercury,  a  mixture  of  two 

tube  was  furnished  with  the  wire^  when  the  parte  of  hydrogen  and  one  of  oxygen,  and 

pressure  was  below  l-4th.  heated  the  tube  by  a  spirit-lamp,  till  the  vo- 

Hie  flame  of  carbonic  oxide,  which,  though  hime  of  the  gas  was  increased  from  1  to  2.5. 

it  produces  little  heat  in  combustion,  is  as  By  means  of  a  blowpipe  and  another  lamp, 

accendlble  as  hydrogen,  burned  when  tiie  wire  he  made  the  upper  part  of  the  tube  red-hot, 

was  used,  the  pressure  being  ]*6th.  when  an  explosion  instantly  took  place.  Hiis 

Hie  flame  of  sulphuretted  hydrogen,  the  experiment  refutes  the  notions  of  M.    de 

heat  of  which  u  in  some  measure  carried  off  Grotthus,  on  the  non-explosiveness  of  that 

by  the  sulphur  produced  by  its  decomposition  mixture^  when  expanded  by  heat.     He  in- 

during  its  combustion  in  rare  air,  when  bum-  troduoed  into  a  bladder  a  mixture  of  oxygen 

ed  in  the  same  apparatus  as  the  oleflant  and  and  hydrogen,  and  connected  this  bladder 

other  gases,  was  extinguished  when  the  pres-  with  a  thick  glass  tube  of  about  one-sixth  of 

sure  was  l-7th.  an  inch  in  diameter,  and  three  feet  long, 

Sulphur,  wliich  requires  a  lower  tempera-  curved  so  that  it  could  be  gradually  heated 

ture  for  its  accension  than  any  common  in-  in  a  charcoal  furnace :  two  ^riulamps  were 

flammable    substance,    except    phosphoras,  placed  under  the  tube,  where  it  entered  the 

burned  with  a  very  feeble  blue  flame  in  air  charcoal  fire,    and   the   mixture  was  very 

rarefied  15  times;  and  at  this  pressure  the  slowly  passed  through.   '  An  explosion  took 

flame  heated  a  wire  of  platinum  to  dull  red-  place  before  the  tube  was  red-hot.     This 

ness,  nor  was  it  extinguished  till  the  pressure  fine  experiment  shows,   that  expansion  by 

ed  to  l-20th.     From  the  preceding  heat,  instead  of  diminishing  the  accendibility 


reduced  to  l-20th.     From  the  preceding  heat,  instead  of  diminishing  the  accendibility 

experimental  facts  we  may  infer,  that  the  ta-  of  gases,  enables  them,  on  the  contrary,  to 

per  would  be  extinguished  at  a  height  of  be-  explode  apparently  at  a  lower  temperature ; 

tween  9  and  10  miles,  hydrogen  between  12  which  seems  perfectly  reasonable,  as  a  part  of 

and  13,  and  sulphur  between  15  and  16,  the  heat  communicated  by  any  ignited  body 

Fhosphoms,  as  has  been  shown  by  M.  Van  must  be  lost  in  gradually  raising  tlie  tempe- 

Marum,  bums  in  an  atmosphere  rarefied  60  ralure. 

times.  Sir  H.  Davy  found,  that  phosphuret-  M.  de  Grotthus  has  stated,  that  if  a  glow* 
ted  hydrogen  produced  a  fiash  of  light  when  ing  coal  be  brought  into  contact  with  a  mix- 
admitted  into  the  best  vacuum  that  could  be  ture  of  oxygen  and  hydrogen,  it  only  rarefies 
made  by  an  excellent  pump  of  Naime*s  con-  them,  but  does  not  explode  them.  This  de- 
struction, pends  on  the  degree  of  heat  communicated 

Chlorine  and  hydrogen  inflame  at  a  much  by  the  coaL     If  it  is  red  in  day-light,  and 

kwertemperature  than  oxygen  and  hydrogen,  firee  from  ashes,  it  uniformly  explodes  the 

Hence,  the  former  mixture  explodes  when  mixture.     If  its  redness  be  barely  visible  in 

rarefied  24  times ;  the  latter  ceases  to  ex-  the  shade,  it  will  not  explode  them,  but  cause 

plode  when  rarefied  18  times.     Heat  extrin-  their  slow  combination.     The  general  phe- 

sically  applied  carries  on  combustion  when  it  nomenon  is  wholly  unconnected  with  rarefao- 

would  otherwise  be  extinguished.    Camphor,  tion,  as  is  shown  by  the  following  drcum- 

in  a  thick  metallic  tube,  which  disperses  the  stance  :— When  the  heat  is  greatest,  and  be- 

heat,  ceases  to  bum  in  air  rarefied  6  times ;  fore  the  inrisible  combination  is  completed, 

in  a  glass  tube  which  becomes  ignited,  the  if  an  iron  wire,  heated  to  whiteness,  be  placed 

flame  of  camphor  exists  under  a  nine-fold  upon  the  coal  within  the  vessel,  the  mixture 

rarefaction.     Contact   with  a  red-hot  iron  instantly  explodes. 

makes  naphtha  glow  with  a  lambent  flame  at  Subcarburetted  hydrogen,  or  fire-damp,  as 

a  rarefaction  of  30  times ;  though,  vrithout  has  been  shown,  requires  a  very  strong  heat 

foreign  heat,  its  flame  dies  at  an  atmospheric  for  its  inflammation.     It  therefore  offered  a 

rarefaction  of  6.     If  the  mixture  of  oxygen  good  substance  for  an  experiment  on  the 
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effect  of  high  d«graefl  of  nKfiMtioiiy  by  beat, 
om  combuttioiL  One  part  of  tbis  gaay  and 
eight  of  air,  were  mixed  together,  and  intro- 
duced into  a  bladder  fiumiahed  with  a  capil- 
lary tube.  This  tube  was  heated  till  it  be- 
gan to  melt.  Hie  mixture  was  then  passed 
through  it  into  the  flame  of  a  spirit-lamp, 
when  it  took  Bre,  and  burned  with  its  own 
peculiar  explosive  li^t,  beyond  the  flame  of 
the  lamp ;  and  when  withdrawn,  though  the 
aperture  was  quite  white-hot,  it  continued  to 
bum  vividly. 

That  the  compression  in  one  part  of  an 
explosive  mixture,  produced  by  the  sudden 
expanuon  of  another  part  by  heat,  or  the 
electric  spark*  is  not  the  cause  of  combustion, 
as  has  been  supposed  by  Mr  Higgios,  M. 
Berthollet,  and  others,  appears  to  be  evident 
from  what  has  been  stated,  and  is  rendered 
still  more  so  by  the  following  facts:— A 
mixture  of  biphosphuretted  hydrogen  gas 
and  oxygen,  which  explode  at  a  heat  a  little 
above  that  of  boiling  water,  was  confined  by 
mercury,  and  very  gradually  heated  on  a 
sand  bath.  When  the  temperature  of  the 
mercury  was  242°,  the  mixture  exploded. 
A  similar  mixture  was  placed  in  a  receiver 
communicating  with  a  condensing  syringe, 
and  condensed  over  mercury  till  it  occupied 
only  one-fifth  of  its  original  volume.  No 
explosion  took  place,  and  no  chemical  change 
had  occurred ;  for  when  its  volume  was  re- 
stored, it  was  instantly  exploded  by  the 
spirit-lamp. 

It  would  appear,  then,  that  ifte  heat  given 
out  by  the  compression  of  gases,  is  the  real 
cause  of  the  combustion  which  it  produces ; 
and  that  at  certain  elevations  of  temperature, 
whether  in  rarefied  or  compressed  atmos- 
pheres, explosion  or  combustion  occurs; 
that  is,  bodies  combine  with  the  production 
of  heat  and  light. 

Since  it  appears  that  gaseous  matter  ac- 
quires a  double,  triple,  quadruple,  &c.  bulk, 
by  the  successive  increments  of  480*^  F.  2 
X  460°,  3  X  ^^80°>  ^^  we  may  gain  ap- 
proximations to  the  temperature  of  flame,  by 
measuring  the  expansion  of  a  gaseous  mix- 
'  ture  at  the  instant  of  explosion,  provided  the 
resulting  compound  gas  occupy,  afler  cool- 
Prevented  by 
Of  hydrogen,  -  8 

Oxygen,  -  9 

Nitrous  oxide,  -  11 

Subcaiburetted  hydrogen,         1 
Sulfrfiuretted  hydrogen,  2 

Olefiant  gas,  -  ^ 

Muriatic  acid  gas,  -  2 

Chlorine,         .  . 

Silicated  fluoric  gas,  4t 

Axote,  -  - 

Carbonic  acid,        -        - 

The  first  column  of  the  preceding  table 
shows,  that  other  causes,  besides  density  and 
capacity  for  heat,  interfere  with  the  pheno- 


ini^  the  tame  bulk  as  the  sum  of  ita  coiMti- 
tuents.  Now  this  is  the  caae  with  chlorine 
and  hydrogen,  and  with  cyanogen  and  oxy- 
gen. The  latter,  detonated  in  the  proportion 
of  one  to  two  in  a  tube  of  about  two-fifths  of 
an  inch  diameter,  displaced  a  quantity  of 
water,  which  demonstrated  an  expansion  of 
15  times  their  original  bulk.  Hence  15  X 
460°  ss  7200O  of  Fahr. ;  and  the  real  tem^ 
perature  is  probably  much  higher,  for  beat 
must  be  lost  by  communication  to  the  tube 
and  the  water.  The  beat  of  the  -gaseous 
carbon  in  combustion  in  tliis  gas  appears 
more  intense  than  that  of  hydn^n ;  for  it 
was  found  that  a  filament  of  platinum  was 
fused  by  a  flame  of  prussine  (cyanogen)  in 
the  air,  which  was  not  fused  by  a  rimilar 
flame  of  hydrogen. 

We  have  thus  detailed  the  toodificataona 
produced  in  combustion  by  rarefaction,  me- 
chanical and  calorific.  It  remains  on  this 
head  to  state  the  effects  of  the  mixture  of  di£> 
ferent  gases,  and  those  of  different  cooling 
orifices,  on  flame. 

In  Sir  H.  Davy*s  first  paper  on  the  fire- 
damp of  coal  mines,  he  m^itioned  that  car*, 
bonic  acid  had  a  greater  influence  in  destroy- 
ing the  explosive  power  of  mixtures  of  fire- 
damp and  air,  than  asote ;  and  he  supposed, 
the  cause  to  be  its  greater  density  and  capa- 
city for  heat,  in  consequence  of  which  it 
might  exert  a  greater  cooling  agency,  and 
thus  prevent  the  temperature  of  the  mixture 
from  being  raised  to  that  degree  necessary 
for  combustion.  He  subsequently  made  a 
series  of  experiments,  with  the  view  of  deter- 
mining how  far  this  idea  is  correct,  and  for 
the  purpose  of  ascertaining  the  general  phe-' 
nomena  of  the  effects  of  the  mixture  of  gase- 
ous substances  upon  explosion  and  combus- 
tion. 

He  took  given  volumes  of  a  mixture  of. 
two  parts  of  hydrogen  and  one  part  of  oxy- 
gen by  measure,  and  diluting  them  with  va- 
rious quantities  of  different  elastic  fiuids,  he 
ascertained  at  what  degree  of  dilution  the 
power  of  inflammation,  by  a  strong  spark 
from  a  Leyden  phial,  was  destroyed.  He 
found  that  for  one  of  the  mixture,  inflamma- 
tion was 


Permitted  with 
6 
7 
)0 


Cooling  power,  air  ^  I. 
2.66 
1.12 

0.75  (the  mean) 
2.18  (coal  gas) 

1.6 

0.66 

9 

TT 

1.33 
0.727 

mena.  Hms  nitrous  oxide,  which  is  nearly 
one-third  denser  than  oxygen,  and  which, 
according  to   Delaroche  and  Berard,  has  a 
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giwter  cmpmcAty  for  heat*  in  the  ratio  of 
1.3503  to  0.9765  by  Tolume*  has  lower 
powere  of  prerendng  exploaioii.  Hydrogen 
also^  which  is  fifteen  times  lighter  than  oxy- 
gen, and  which  in  equal  volumes  has  a  smaller 
capacity  for  heat,  certainly  has  a  higher 
power  of  preventing  explosion  ;  and  olefiant 
gas  exceeds  all  other  gaseous  substances,  in 
a  much  higher  ratio  than  could  have  been 
expected  from  its  density  and  cq>acity. 

I  have  deduced  the  third  column  from  Sir 
H.  Davy's  experiments  on  the  relative  times 
in  which  a  thermometer,  heated  to  160^, 
when  plunged  into  a  volume  of  81  cubic 
inches  of  the  respective  gases  at  52^,  took  to 
cool  down  to  106°.     Where  an  elastic  fluid 
exerts  a  cooling  influence  on  a  solid  surface^ 
the  effect  must  depend  principally  upon  the 
rapidity  with  which  its  particles  change  their 
places;  but  where  the  cooling  particles  are 
mixed  throughout  a  mass  with  other  gaseous 
particles,  their  effect  must  depend  principally 
upon  the  power  tliey  possess  of  rapidly  ali^ 
stracting  heat  from  the  contiguous  particles ; 
and  this  will   depend   probably  upon  two 
causes,— the  simple  abstracting  power  by 
which  they  become  quickly  heated,  and  their 
capacity  for  heat,  which  is  great  in  propor- 
tion as  their  temperatures  are  less  raised  by 
this  abstraction.     Tlie  power  of  elastic  fluids 
to  abstract  heat  from  solids,  appears,  from 
the  above  experiments,  to  be  in  some  inverse 
ratio  to  their  density ;  and  there  seems  to  be 
ibmethiiig  in  the  constitution  of  the  light 
gases,  which  enables  them  to  carry  off  heat 
from  solid  surfiuxs  in  a  different  manner 
from  that  in  which  they  would  abstract  it  in 
gaseous  mixtures,  depending  probably  on  the 
mobility  of   their  parts.      Those  particles 
which  are  lightest  must  be  conceived  most 
capable  of  changing  place,  and  would  there- 
fore cool  solid  surfaces  most  rapidly  :  in  the 
cooling  of  gaseous  mixtures,  the  mobility  of 
the  particles  can  be  of  little  consequence. 

Whatever  be  the  cause  of  the  different 
cooling  powers  of  the  different  elastic  fluids 
in  preventing  inflammation,  very  simple  ex- 
periments show  that  they  operate  uniformly 
with  respect  to  the  different  species  of  com- 
bustion ;  and  that  those  explosive  mixtures, 
or  inflammable  bodies,  which  require  least 
heat  for  their  combustion,  require  larger 
quantities  of  the  different  gases  to  prevent 
the  effect,  and  tnce  versa.  Thus,  one  of 
chlorine  and  one  of  hydrogen  still  inflame 
when  mixed  with  eighteen  times  their  bulk 
of  oxygen  ;  whereas  a  mixture  of  carfouretted 
hydrogen  and  oxygen,  in  the  proper  propor- 
tions (one  and  two)  for  combination,  have 
their  inflammation  prevented  by  less  than 
three  times  their  volume  of  oxygen.  A  wax 
taper  was  instantly  extinguished  in  air  mix- 
ed with  one-tenth  of  silicated  fluoric  acid, 
and  in  air  mixed  with  one-sixth  of  muriatic 
acid  gas ;  but  the  flame  of  hydrogen  burned 


readily  in  those  mixtores ;  and  in  BoiztUTCa 
which  extinguished  the  flame  of  hydrogen, 
the  flame  of  su^ur  burned.  (See  the  b^ 
ginning  ofeedMn  \tt,) 

In  cases,  however,  in  which  the  heat  re- 
quired  for  chemical  union  is  very  small,  a^ 
in  the  instance  of  hydrogen  and  chlorine^  a 
mixture  which  prevents  inflammation  will  not 
prevent  combination ;  that  is,  the  gaacs  will 
combine  without  any  flash.  If  two  volumes 
of  carburetted  hydrogen  be  added  to  a  mix- 
ture of  one  of  chlorine  with  one  of  hydio- 
gen,  muriatic  add  is  formed  throughout  the 
mixture,  and  heat  produced,  as  was  evident 
from  the  expansion  when  the  spark  paaiod, 
and  the  rapid  contraction  afUirwards;  but 
the  heat  was  so  rapidly  carried  off  1^  tho 
quantity  of  carburetted  hydrogen,  that  no 
flash  was  visible. 

Experiments  on  combustion  in  condensed 
air,  to  see  if  the  cooling  power  was  much 
increased  thereby,  show  that,  as  rarelhction 
does  not  diminish  considerably  the  heat  of 
flame  in  atmospherical  air,  so  neither  does 
condensation  considerably  increase  it;  a  cir» 
cumstance  of  great  importance  in  the  consti- 
tution of  our  atmosphere^  which  at  all  heights 
or  depths  at  which  man  can  exist,  still  pi«^ 
serves  the  same  relations  to  combustion. 

It  may  be  concluded  from  the  general  Jaw, 
that,  at  high  tenqperatures,  gases  not  con- 
cerned in  combustion  will  have  Jess  power  of 
preventing  that  operation ;  and  likewise  tliat; 
steam  and  vapours,  which  require  a  consider- 
able heat  for  their  formation,  wQl  have  less 
effect  in  preventing  combustion,  particulariy 
of  those  bodies  requiring  low  temperatures, 
than  gases  at  the  usual  heat  of  the  atmos- 
phere. Thus  a  very  large  quantity  of  steam 
is  required  to  prevent  sulphur  from  buming.r 
A  mixture  of  oxygen  and  hydrogen  will  ex- 
plode by  the  electric  spark,  though  diluted 
with  five  times  its  volume  of  steam ;  and  even 
a  mixture  of  air  and  carburetted  hydrogen 
gas,  the  least  explosive  of  all  mixtures,  le^ 
quires  a  third  of  stesm  to  prevent  its  explo- 
sion, whereas  one-fifUi  of  asote  will  produce 
that  effect.  These  trials  were  made  over 
mercury.  Heat  was  applied  to  water  over 
the  mercury,  and  37.5  for  100  parts  ss  f , 
was  regarded  as  the  correction  for  tlie  expan- 
sion of  the  gases. 

We  shaU  now  treat  of  the  effect*  of  eooUmg 
orifice*  on  flame.  The  knowledge  of  tlie 
cooling  power  of  ebstic  mMfia  in  preventing 
the  explosion  of  the  fire-damp,  led  the  iUua- 
trious  English  chemist  to  thooe  prsctical  kw 
searches  which  terminated  in  hb  grand  di»- 
covery  of  the  wire-gauze  safe-hunp.  Tha 
general  investigation  of  the  relation  and  ex- 
tent of  those  powers,  serves  to  einddate  tlio 
operation  of  wire-gauae,  and  other  tissues  or 
systems  of  apertures  permeable  to  light  and 
air,  in  intercepting  flame,  and  confirms  tlie 
views  originally  given  of  this  manrcUous  phe- 
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Bomenoii.    We  have  seen  HbatJUtme  is  gai»-  dace  the  efibct^  when  held  horizontally.  But 

ous  matter  heated  so  highly  as  to  be  lumin-  wire  of  the  latter  size»  when  six  inches  of  it 

ous,  and  that  to  a  degree  of  temperature  were  red-hot,  and  when  it  was  held  perpen- 

beyond  the  white  heat  of  solid  bodies ;  for  dicularly  in  a  bottle  containing  an  explosive 

air  not  luminous  will  communicate  this  de-  mixture,  so  that  heat  was  communicated  suc- 

gree  of  heat     When  an  attempt  is  made  to  cessively  to  portions  of  the  gas,  produced  its 

pass  flame  through  a  very  fine  mesh  of  wire-  explosion. 

gauze  of  the  common  temperature,  the  gauze  The  scale  of  gaseous  accension,  given  in 
cools  each  portion  of  the  elastic  matter  that  the  first  section,  explains  why  so  fine  a  mesh 
passes  through  it,  so  as  to  reduce  its  tempo-  of  wire  is  required  to  hinder  the  explosion 
rature  below  that  degree  at  which  it  is  lumin-  from  hydrogen  and  oxygen  to  pass ;  and  why 
ous.  This  diminution  of  temperature  is  pro-  so  coarse  a  texture  and  wire  controul  the  ex- 
portional  to  the  smallness  of  the  mesh,  and  plosion  of  fire-damp.  The  general  doctrine, 
to  the  mass  of  the  metal.  The  power  of  a  indeed,  of  the  operation  of  wire-gauz^  can- 
metallic  or  other  tissue  to  prevent  explosion,  not  be  better  elucidated  than  in  its  effects 
will  depend  upon  the  heat  required  to  pro-  upon  the  flame  of  sulphur.  When  wire-gauze 
duce  the  combustion,  as  compared  with  that  of  600  or  700  apertures  to  the  square  inch 
acquired  by  the  tissue.  Hence,  the  flame  of  is  held  over  the  flame,  iiimes  of  condensed 
the  most  inflammable  substances,  and  of  those  sulphur  immediately  come  through  it,  and 
that  produce  most  heat  in  combustion,  will  the  flame  is  intercepted.  The  fumes  continue 
pass  through  a  metallic  tissue  that  will  in-  for  some  instants,  but  on  the  increase  of  the 
temipt  the  flame  of  less  inflammable  sub-  heat,  they  diminish ;  and  at  the  moment  when 
stances,  or  those  that  produce  Uttle  heat  in  they  disappear,  which  is  long  before  the  gauze 
combustion.  Or,  the  tissue  being  the  same,  beoxnes  red-hot,  the  flame  passes ;  the  tem- 
and  impermesble  to  all  flames  at  common  perature  at  which  sulphur  burns  being  that 
temperatures,  the  flames  of  the  most  combus-  at  which  it  is  gaseous, 
tible  substances,  and  of  those  which  produce  Where  rapid  currents  of  explosive  mix- 
most  heat,  will  most  readily  pass  through  it  tures,  however,  are  made  to  act  upon  wire- 
when  it  is  heated ;  and  each  will  pass  through  gauze,  it  is  of  course  much  more  rapidly 
it  at  a  different  degree  of  temperature.  In  heated ;  and  therefore,  the  same  mesh  which 
short,  all  the  circumstances  which  apply  to  arrests  the  flames  of  explosive  mixtures  at 
the  effect  of  cooling  mixtures  upon  flatme,  rest,  will  suffer  them  to  pass  when  in  rapid 
will  apply  to  cooling  perforated  surfaces,  motion.  But  by  increasing  the  cooling  sur- 
Thus,  the  flame  of  phosphuretted  hydrogen,  face,  by  diminishing  the  apertures  in  size,  or 
at  common  temperatures,  will  pass  through  increasing  tlieir  depth,  aUftamet^  however  ra* 
a  tissue  sufficiently  laxge  not  to  be  immedi-  pid  their  motiotii  maybe  arretted.  Precisely 
ately  choaked  up  by  the  phosphoric  add  the  same  law  applies  to  explosions  acting  in 
farmed,  and  the  phosphorus  deposited.  If  dose  vessels.  Very  minute  apertures,  when 
a  tissue,  containing  above  700  apertures  to  they  are  only  few  in  number,  will  permit  ex- 
the  square  inch,  be  held  over  the  flame  of  plosions  to  pass,  which  are  arrested  by  much 
phosphorus  or  phosphuretted  hydrogen,  it  larger  apertures  when  they  fill  a  whole  sur- 
does  not  transmit  the  flame  till  it  is  suffi-  lace.  A  small  aperture  vras  drilled  at  the 
dently  heated  to  enable  the  phosphorus  to  bottom  of  a  wire-gauze  lamp,  in  the  cylin- 
pass  through  it  in  vapour.  Phosphuretted  drical  ring  which  confines  the  gauze.  This, 
hydrogen  is  decomposed  by  flame,  and  acts  though  less  than  l-18th  of  an  inch  in  dia- 
exactly  like  phosphorus.  In  like  manner,  a  meter,  transmitted  the  flame,  and  fired  the 
tissue  of  100  apertures  to  the  square  inch,  external  atmosphere,  in  consequence  of  the 
made  of  a  wire  of  l-60th,  will,  at  com-  whole  force  of  the  explosion  of  the  thin  stra- 
mon  temperatures,  intercept  the  flame  of  a  tum  of  the  mixture  included  within  the  cylin- 
spirii-lamp,  but  not  that  of  hydrogen.  But  der  driving  the  flame  through  the  aperture, 
when  strongly  heated,  it  no  longer  arrests  the  Had  the  whole  ring,  however,  been  composed 
flame  of  alcohoL  A  tissue  which  will  not  of  such  apertures  separated  by  wires,  it  would 
interrupt  the  flame  of  hydrogen  when  red-hot,  have  been  perfectly  safe, 
will  still  intercept  that  of  olefiant  gas;  and  Nothing  can  demonstrate  more  decidedly 
a  heated  tissue,  which  would  communicate  than  these  simple  facts  and  observations,  that 
explosion  from  a  mixture  of  olefiant  gas  and  the  interruption  of  flame,  by  solid  tissues 
air,  will  stop  an  explosion  from  a  mixture  of  permeable  to  light  and  air,  depends  upon  no 
fire-damp,  or  carburetted  hydrogen.  The  recondite  or  mysterious  cause,  but  on  their 
latter  gas  requires  a  considersble  mass  of  cooKng  powers,  simply  considered  as  such, 
heated  metal  to  inflame  it,  or  contact  with  an  When  a  light,  included  in  a  cage  of  wire- 
extensive  heated  surface.  An  iron  wire  of  gauze,  is  introduced  into  an  explosive  atmos- 
I.20th  of  an  inch,  and  eight  inches  long,  phere  of  flre-damp  at  rest,  the  maximum  of 
red-hot,  when  held  perpendicularly  in  a  heat  is  soon  obtained :  the  radiating  power 
sueam  of  coal  gas,  did  not  inflame  it ;  nor  of  the  wire,  and  the  cooling  effect  of  the  at- 
did  a  short  wire  of  onc-sixtli  of  an  inch  pro-  mosphere,  more  efficient  from  the  admixture 
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of  inflammable  air,  prevent  it  fVom  ever  ar-  ous  of  all  Sir  H,*s  discoveries  relative  to  flre^ 
riving  at  a  temperature  equal  to  that  of  dull  namely,  invisible  combu$tion» 
redness.  In  rapid  currents  of  explosive  mix-  On  passing  mixtures  of  hydrogen  and 
tures  of  iire>damp,  which  heat  common  gauze  oxygen  through  tubes  heated  below  redness^ 
to  a  higher  temperature^  twilled  gauze,  in  steam  appeared  to  be  formed  without  any 
which  the  radiating  surface  is  considerably  combustion.  This  led  him  to  expose  mixir 
greater,  and  the  circulation  of  air  less,  pre-  tures  of  oxygen  and  hydrogen  to  heat  in 
serves  an  eqiiable  temperature.  Indeed,  the  tubes,  in  which  they  were  confined  by  fluid 
heat  communicated  to  the  wire  by  combus-  fusible  metal.  He  found,  that  by  carefully 
tion  of  the  iire>damp  in  wire-gauze  lamps,  is  applying  a  heat  between  the  boiling  point  of 
completely  in  the  power  of  the  manufacturer,  mercury,  which  is  not  sufficient  for  the  effect. 
By  diminishing  the  apertures,  and  increasing  and  a  heat  approaching  to  the  greatest  heat 
tl^  mass  of  metal,  or  the  radiating  surface,  that  can  be  given  without  making  glass  lu- 
it  may  be  diminished  to  any  extent  Thick  minous  in  darkness,  the  combination  was 
twilled  gauze,  made  of  wires  l-40th,  16  to  effected  without  any  violence,  and  without 
the  warp,  and  30  to  the  weft,  riveted  to  the  any  light ;  and  commencing  with  213,  the 
screw  to  prevent  the  possibility  of  displace-  volume  of  steam  formed  at  the  point  of  com- 
ment, forms  a  lamp  cage,  which,  from  its  bination  appeared  exactly  equal  to  that  of  the 
flexibility,  cannot  be  broken,  and  from  its  origrinal  gases.  So  that  the  first  effect,  in 
strength  cannot  be  crushed,  except  by  a  very  experiments  of  this  kind,  is  an  expansion, 
violent  blow.  The  lamp  which  has  been  afterwards  a  contraction,  and  then  the  resto- 
found  most  convenient  for  the  miner,  is  that  ration  of  the  primitive  volume, 
composed  of  a  cylinder  of  strong  wire-gauze.  When  this  change  is  going  on,  if  the  heat 
fastened  round  Uie  flame  by  a  screw,  and  in  be  quickly  raised  to  redness,  an  explosion 
which  the  wick  is  trimmed  by  a  wire  passing  takes  place.  With  small  quantities  of  gas, 
through  a  safe  aperture.  Such  have  now  been  the  invisible  combustion  is  completed  in  less 
used  for  many  years,  in  the  most  dangerous  than  a  minute.  It  is  probable  that  the  slow 
mines  in  England,  without  any  accident,  combination  without  combustiou,  long  ago 
Whatever  explosive  disasters  have  happened  observed  with  respect  to  hydrogen  and  chlo- 
since,  may  be  imputed  to  the  n^lect,  or  gross  rine,  oxygen  and  metals,  will  happen  at  cer- 
and  culpable  mismanagement,  of  that  infalli-  tain  temperatures  with  most  substances  that 
ble  protector.     See  Lamp.  unite  by  heat.     On  trying  charcoal,  he  found. 

When  the  fire-damp  is  inflamed  in  the  that  at  a  temperature  which  appeared  to  be  a 
wirfr^auze  cylinders,  coal  dust  thrown  into  little  above  the  boiling  point  of  quicksilver, 
the  lamp  burns  with  strong  flashes  and  scin-  it  converted  oxygen  pretty  rapidly  into  car- 
tillations.  Tlie  miners  were  at  first  alarmed  bonic  add,  wiUiout  any  luminous  appear- 
by  an  effect  of  this  kind,  produced  by  the  ance ;  and,  at  a  dull  red  heat,  the  elements 
dust  naturally  raised  during  the  working  of  of  olefiant  gas  combined  in  a  similar  manner 
the  coals.  with  oxygen,  slowly  and  without  explosion. 

But  Sir  H.  Davy  showed,  by  decisive  ex-  The  effect  of  the  slow  combination  of  oxygen 

periments,  that  explosion  could  never  be  com-  and  hydrogen  is  not  connected  with  their 

municated  by  them  to  the  gas  of  any  mine,  rarefaction  by  beat,  for  it  took  place  when 

He  repeatedly  threw   coal-dust,   powdered  the  gases  were  confined  in  a  tube  by  fusible 

rosin,  and  witch-meal,  through  lamps  bum-  metal,  rendered  solid  at  its  upper  surface ; 

ing  in  more  explosive  mixtures  than  ever  and  certainly  as  rapidly,  and  without  any 

occur  in  coal  mines ;  and  though  he  kept  appearance  of  light. 

these  substances  floating  in  the  explosive  at-         As  the  temperature  of  flame  has  been 

mosphere,  and  heaped  them  upon  the  top  of  shown  to  be  infinitely  higher  than  that  ne- 

the  lamp  when  it  was  red-hot,  no  explosion  cessary  for  the  ignition  of  solid  bodies,   it 

could  ever  be  communicated.     Phosphorus  appeared  probable,  that  in  these  silent  combi- 

or  sulphur  are  the  only  substances  which  can  nations  of  gaseous  bodies,  when  the  increase 

produce  explosion,  by  being  applied  to  the  of  temperature  may  not  be  sufficient  to  ren- 

outside  of  the  lamp ;  and  sulphur,  to  produce  der  the  gaseous  matters  themselves  luminous^ 

the  effect,  must  be  applied  in  large  quantities,  yet  it  still  might  be  adequate  to  ignite  solid 

and  fanned  by  a  current  of  fresh  air.     He  matters  exposed  to  them, 
has  even   blown   repeatedly   fine   coal-dust         Sir  H.  Davy  had  devised  several  experi- 

mixed  witlt  minute  quantities  of  the  finest  raents  on  this  subject.     He  had  intended  to 

dust  of  gunpowder,  through  the  lamp  bum-  expose  fine  wires  to  oxygen  and  olefiant  gas, 

ing  in  explosive  mixtures,  without  any  com-  and  to  oxygen  and  hydrogen,  during  their 

munication  of  explosion.  The  most  timorous  riow  combination   under   different  circum- 

female  might  traverse  an  explosive  coal  mine,  stances,  when  he  was  accidentally  led  to  the 

guided  by  the  light  of  the  double  cylinder  knowledge  of  ihe/actt  and  at  the  same  time 

lamp,  without  feeling  the  slightest  apfurehen-  to  the  discovery  of  a  new  and  curious  series 

sion.  of  phenomena. 

5.  We  have  now  arrived  at  the  most  curi-         He  was  making  experiments  on  the  in« 
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crease  of  the  limits  of  the  osnbustibiliCy  of 
gaseous  mixtures  of  cod  gas  and  air,  by  in- 
crease of  temperature.  For  this  purpose, 
a  small  wir^gauze  safe-lamp,  with  some  fine 
wire  of  platinum  fixed  above  the  fiame,  was 
introduced  into  a  combustible  mixture  con- 
taining the  maximum  of  coal  gas.  When 
the  inflammation  had  taken  place  in  the 
wire-gause  cylinder,  he  threw  in  more  coal 
gas,  expecting  that  the  heat  acquired  by  the 
mixed  gas,  in  passing  through  the  wire- 
gause,  would  prevent  the  excess  from  ex- 
tinguishing the  flame.  The  flame  continued 
for  two  or  three  seconds  after  the  coal  gas 
was  introduced;  and  when  it  was  extinguish- 
ed, tiiat  part  of  the  wire  of  platinum  which 
had  been  hottest,  remained  ignited,  and  con- 
tinued so  for  many  minutes.  When  it  was 
removed  into  a  dark  room,  it  was  evident 
that  there  was  no  flame  in  the  cylinder. 

It  was  immediately  obvious  that  this  was 
the  result  which  he  had  hoped  to  attain  by 
other  methods,  and  the  oxygen  and  coal  gas 
in  contact  with  the  hot  wire  combined  with- 
out flame,  and  yet  produced  heat  enough 
to  preserve  the  wire  ignited,  and  keep  up 
their  own  secret  comhtsiian.  The  truth  of 
this  conclusion  was  proved  by  introducing  a 
heated  wire  of  platinum  into  a  similar  mix- 
ture. It  immediately  became  ignited  nearly 
to  whiteness,  as  if  it  had  been  in  actual  com- 
bustion itself,  and  continued  glowing  for  a 
long  while.  H^hen  U  wa»  extinguithed,  ike 
infiammabUity  of  the  ntature  was  fiund  to 
be  entirely  destroyed,  A  temperature  much 
below  ignition  only  was  necessary  for  pro- 
ducing this  curious  phenomenon,  and  the 
wire  was  repeatedly  tsken  out  and  cooled  in 
the  atmosphere,  till  it  ceased  to  be  visbly 
red ;  yet,  when  admitted  again,  it  instantly 
became  red-hot. 

The  same  phenomena  were  produced  with 
mixtures  of  olefiant  gas  and  air,  carbonic 
oxide,  prussic  gas,  and  hydrogen;  and  in 
this  last  esse  with  a  rapid  production  of 
water.  The  degree  of  heat  could  be  regu- 
lated by  the  thickness  of  the  wire.  When 
of  the  same  thickness,  the  wire  became  more 
ignited  in  hydrogen  than  in  mixtures  of  ole- 
fiant gas,  and  more  in  mixtures  of  olefiant 
gas  than  in  those  of  gaseous  oxide  of  carbon. 

When  the  wire  was  very  fine,  as  l-80th  of 
an  inch  in  diameter,  its  heat  increased  in  very 
combustible  mixtures,  so  as  to  explode  them. 
The  same  wire  in  less  combustible  mixtures 
continued  merely  bright  red,  or  dull  red,  ac- 
cording to  the  nature  of  the  mixture.  In 
mixtures  not  explosive  by  flame  within  cer- 
tain limits,  these  curious  phenomena  took 
place,  whether  the  air  or  the  inflammable 
gas  was  in  excess.  The  same  circumstances 
occurred  with  certain  inflammable  vapours. 
Those  of  ether,  alcohol,  oil  of  turpentine, 
naphtha,  and  camphor,  have  been  tried. 
There  cannot  be  a  better  mode  of  illustrat- 


ing tin  Ihct^  than  by  an  esperimeiit  cm  tfa« 
vapour  of  edier  or  of  aleohol,  which  any 
person  may  make  in  a  minute.  Let  a  drop 
of  ether  be  thrown  into  a  cold  glass,  or  a  drop 
of  alcohol  into  a  warm  one ;  let  a  lew  ooib 
of  wire  of  platinum,  of  the  l-60th  or  l-TOth 
of  an  inch,  be  heirted  at  a  hot  poker  or  a 
candle,  and  let  it  be  brought  into  the  glass  t 
In  some  part  of  the  glass  it  will  become 
glowing,  ahnost  white-hot,  and  will  continue 
so,  as  long  as  a  suflicient  quantity  of  vapour 
and  of  air  remain  in  the  glass. 

When  the  experiment  on  the  slow  conv- 
bustion  of  ether  is  made  in  the  dark,  a  pale 
phosphorescent  light  is  perceived  above  the 
wire,  which  is  of  course  most  distinct  when 
the  wire  ceases  to  be  ignited.  This  appear- 
ance is  connected  with  tlie  formation  of  • 
peculiar  acrid  volatile  substance,  possessed  of 
acid  properties.  See  Acid  (LAifFfc).  The 
above  experiment  has  been  ingeniously  varied 
by  sticking  loosely  on  the  wick  of  a  spirit, 
lamp  a  coil  of  flne  platinum  wire,  about  -r^rr 
of  an  inch  in  thickness.  There  should  be 
about  16  spiral  turns,  one-half  of  which 
should  surround  the  wick,  and  the  other  rise 
above  it  Having  lighted  the  lamp  for  an 
instant,  on  blowing  it  out,  the  wire  will  be- 
come brightly  ignited,  and  will  continue  to 
glow  as  long  as  any  alcohol  remains.  A 
cylinder  of  camphor  may  be  substituted  for 
both  wick  and  spirit.  The  ignition  is  very 
bright,  and  exhales  an  odoriferous  vapour. 
With  <n1  of  turpentine,  the  lamp  bums  in- 
visibly without  igniting  the  wire ;  for  a  dense 
column  of  vapour  is  perceived  to  ascend 
from  the  wire,  diffusing  a  smell  by  many 
thought  agreeable.  By  adding  essential  oils 
in  small  quantities  to  the  alcohol,  various 
aromas  may  be  made  to  perfume  the  air  of 
an  apartment  But  the  film  of  cbarcosl 
which  in  this  case  collects  on  the  platina  coil 
must  be  removed  by  ignition  over  another 
spirit  flame,  otherwise  the  effect  ceases  after 
a  certain  time. 

The  chemical  changes  in  general  produced 
by  slow  combustion  appear  worthy  of  inves- 
tigation. A  wire  of  platinum  introduced 
under  the  usual  circumstances  into  a  mixture 
of  prussic  gas  (cyanogen)  and  oxygen  in 
excess,  became  ignited  to  whiteness,  and  the 
yellow  vapours  of  nitrous  acid  were  observed 
in  the  mixture.  In  a  mixture  of  olefiant  gas, 
non-explosive  fVom  the  excess  of  infiammable 
gas,  much  carbonic  oxide  was  formed.  Pla- 
tinum and  palladium,  metals  of  low  conduct- 
ing powers,  and  small  capacities  for  heat, 
alone  succeed  in  producing  the  above  phe- 
nomena. A  film  of  carbon  or  sulphur  de- 
prives even  these  metals  of  this  property. 
Thin  lamins  of  the  metals,  if  their  form 
admits  of  a  fVee  circulation  of  air,  answer 
as  well  as  fine  wires;  and  a  large  surfiice 
of  platinum  may  be  made  red-hot  in  the 
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irapour  of  elher,  or  in  a  cooibiistible  miztmre  in  a  more  inflammable  nuzture,  (that  is, 

of  coal  gas  and  air.  containing  more  inflammable  gas),  than  one 

Sir  H.  Davy  made  an  admirable  practical  made  red-hot.  If  a  mixture  of  three  parts 
application  of  these  new  hcta.  By  hanging  of  air  and  one  of  firedamp  be  introduced 
some  coils  of  6ne  platinum  wire,  or  a  fine  into  a  bottle,  and  inflamed  at  its  point  of 
sheet  of  platinum  or  palbdaum,  above  the  contact  with  the  atmosphere,  it  will  not  ex- 
wick  of  the  sal^Iamp  in  the  wire-gauze  cy-  plode,  but  will  bum  like  a  pure  inflammable 
linder,  he  has  supplied  the  coal-miner  with  substance.  If  a  fine  wire  of  platinum,  coil- 
light  in  mixtures  of  firedamp  no  longer  ex-  ed  at  its  end,  be  slowly  passed  through  the 
plosive.  Should  the  flame  be  extinguished  flame,  it  will  continue  ignited  in  the  body  of 
by  the  quantity  of  firedamp,  the  glow  of  the  the  mixture,  and  the  same  gaseous  matter 
platinum  wilt  continue  to  guide  him ;  and  will  be  found  to  be  inflammable^  and'  to  be  a 
by  placing  the  lamp  in  different  parts  of  die  lujtporter  of  combustion.  When  a  large 
gallery,  the  relative  brightness  of  the  wire  cage  of  wire  of  platinum  is  introduced  into 
will  show  the  state  of  the  atmosphere  in  a  very  small  safe-lamp,  even  explosive  miz- 
theae  parts.  Nor  can  there  be  any  danger  tures  of  fire-damp  are  burned  without  flame; 
with  respect  to  respiration  wherever  the  wire  and  by  placing  any  cage  of  platinum  in  the 
continues  ignited ;  for  even  this  phenome-  bottom  of  the  lamp  round  the  wick,  the  wire 
non  ceases,  when  the  foul  air  forms  about  is  prevented  from  being  smoked.  Care 
2-dths  of  the  volume  of  the  atmosphere.  should  be  taken,  of  course,  that  no  filament 

Into  a  wire-gauze  safe-lamp,  a  small  cage  of  the  platinum  protrude  tlirough  the  wire- 
made  of  fine  wire  of  pUtinum,  of  l-70th  of  gauze.  It  is  truly  wonderful,  that  a  slender 
an  inch  in  thickness,  was  introduced,  and  tissue  of  platinum,  which  does  not  cost  one 
fixed,  by  means  of  a  thick  wire  of  platinum,  shilling,  and  which  is  imperishable^  should 
about  2  inches  above  the  lighted  wick.  Tliis  afford  in  the  dark  and  dangerous  recesses  of 
apparatus  was  placed  in  a  large  receiver,  in  a  coal  mine,  a  most  brilliarU  light,  perfectly 
which,  by  means  of  a  gas-holder,  the  air  safe,  in  atmospheres  in  which  the  flame  of 
sould  be  contaminated  to  any  extent  with  the  safety-lamp  is  extinguished ;  and  which 
coal  gas.  As  soon  as  there  was  a  slight  glows  in  every  mixture  of  carburetted  hy- 
admixture  of  coal  gas,  the  platinum  became  drogen  gas  that  is  respirable.  When  the  at- 
ignited.  The  ignition  continued  to  increase  mosphere  becomes  again  explosive,  the^ame 
Si  the  flame  of  the  wick  w^  extinguished,  is  relighted. 

and  till  the  wliole  cylinder  became  filled  with         It  is  no  less  surprising,  that  thus  also  we 

flame.      It    them  diminished.     When    the  can  bum  any  inflammable  vapour,   either 

quantity  of  coal  gas  was  increased  so  as  to  with  or  without  flame,  at  pleasure,  and  make 

extinguish  the  flame,  the  cage  of  platinum,  at  a  slender  wire  consume  it,   either  with  a 

the  moment  of  the  extinction,  became  white-  white  or  red  heat. 

hot,  presenting  a  most  brilliant  light.     By         6.  We  shall  conclude  the  subject  of  com- 

increasing  the  quantity  of  the  coal  gas  still  bustion  with  some  practical  inferences, 
further,  the  ignition  of  the  platinum  became         The  facts  detailed  on  insensible  combu». 

less  vivid.     When  ita  light  was  barely  sen-  tion  explain,  why  so  much  more  heat  is  ob- 

cible,  small  quantities  of  aur  were  admitted,  tdncd  from  fuel  when  it  is  bumed  quickly 

and  it  speedily  increased.    By  regukting  the  than  slowly ;  and  they  show,  that  in  all  cases 

admission  of  coal  gas  and  air,  it  again  be-  the  temperature  of  the  acting  bodies  should 

came  white4iot,  and  soon  after  lighted  the  be  kept  as  high  ss  possible,  not  only  because 

flame  in  the  cylinder,  which  as  usual,  by  the  the  general  increment  of  heat  is  greater,  but 

addition  of  more  atmospheric  air,  rekindled  likewise  because  those  combinations  are  pre- 

the  flame  of  the  wick.  vented,  which,  at  lower  temperatures,  take 

This  beautiful  experiment  has  been  very  place  without  any  coftsiderable  production  of 
often  repeated,  and  always  with  the  same  heat.  Thus,  in  the  argand  lamp,  and  in  the 
results.  When  the  wire  for  the  support  of  best  fire-places,  the  increase  of  effect  does 
the  cage,  whether  of  platinum,  silver,  or  cop-  not  depend  merely  upon  the  rapid  current  of 
per,  was  very  thick,  it  retained  sufficient  heat  air,  but  likewise  upon  the  heat  preserved  by 
to  enable  the  fine  pUitinum  wire  to  rekindle  the  arrangement  of  die  materials  of  the  chim- 
in a  proper  mixture^  half  a  minute  after  its  ney,  and  communicated  to  the  mattera  entei^ 
light  had  be&k  entirely  destroyed  by  an  at-  ing  into  inflammation, 
mosphere  of  pure  coal  gas.  The  phenom&.  These  facts  likewise  explain  the  source  of 
non  of  the  ignition  of  the  platinum,  takes  the  great  error  into  which  Mr  Dalton  has 
place  feebly  in  a  mixture  consisting  of  two  ikHen,  in  estimating  the  heat  given  out  in  the 
of  air  and  one  of  coal  gas ;  and  brilliantly  combustion  of  charcoal ;  and  they  indicate 
in  a  mixture  consisting  of  tiiree  of  air  and  methods  by  which  temperature  may  be  in- 
one  of  coal  gas.  The  greater  the  qiiantity  creased,  and  the  limits  to  certain  methods, 
of  heat  produced,  the  greater  may  be  the  Currents  of  flame  can  never  raise  the  heat  of 
quantity  of  the  coal  gas ;  so  that  a  large  bodies  exposed  to  them  higher  than  acertain 
tiMue  of  wire  made  whiteJiot,  will .  burn  degree,  that  is,  thehr  own  temperature.    But 
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-by  compreaaioD,  there  can  be  no  doubt,  that 
the  heat  of  flames  from  pure  supporters  and 
combustible  matter  may  be  greatly  increased, 
probably  in  the  ratio  of  their  compression. 
In  the  blowpipe  of  oxygen  and  hydrogen, 
the  maximum  of  temperature  is  close  to  the 
aperture  from  which  tiie  gases  are  disengag- 
ed, that  is,  where  their  density  is  greatest. 
Probably  a  degree  of  temperature  far  beyond 
any  that  has  yet  been  attained,  may  be  pro- 
duced by  throwing  the  flame  from  compress- 
ed oxygen  and  hydrogen  into  the  voltaic  arc, 
and  thus  combining  the  two  most  powerful 
agents  for  increasing  temperature. 

The  nature  of  the  light,  and  form,  of 
flames,  can  now  be  clearly  understood.  When 
in  flames'  pure  gaseous  matter  is  burnt,  the 
light  is  extremely  feeble.  The  density  of  a 
common  flame  is  proportioned  to  the  quantity 
of  solid  charcoal  first  deposited,  ind  after- 
wards burned.  Tlie  form  of  the  flame  is 
conical,  because  the  greatest  heat  is  in  the 
centre  of  the  explosive  mixture.  In  looking 
steadfastly  at  flame,  the  part  where  the  com- 
bustible matter  is  volatilized  is  seen,  and  it 
appears  dark,  contrasted  with  the  part  in 
which  it  begins  to  bum  ;  that  is,  where  it  is 
so  mixed  with  air  as  to  become  explosive. 
The  heat  diminishes  towards  the  top  of  the 
flame,  because  in  this  part  the  quantity  of 
oxygen  \s  least.  When  the  wick  increases  to 
a  considerable  size  from  collecting  charcoal, 
it  cools  tlie  flame  by  radiation,  and  prevents 
a  proper  quantity  of  air  from  mixing  with  its 
central  part;  in  consequence,  the  charcoal 
thrown  off  from  the  top  of  the  flame  is  only 
red-hot,  and  the  greater  part  of  it  escapes 
unconsumed. 

The  intensity  of  the  light  of  flames  in  the 
atmosphere  b  increased  by  condensation,  and 
diminished  by  rarefaction,  apparently  in  a 
higher  ratio  than  their  heeU  :  more  particles 
capable  of  emitting  light  exist  in  the  denser 
atmospheres  ;  and  yet  most  of  these  particles, 
in  becoming  capable  of  emitting  light,  absorb 
heat,  which  could  not  be  the  case  in  the  a>n- 
densation  of  a  pure  supporting  medium. 

The  facts  on  rarefaction  of  inflammable 
gases  show,  that  the  luminous  appearances 
of  shooting  stars  and  meteors  cannot  be  ow- 
ing to  any  inflammation  of  elastic  fluids,  but 
must  depend  on  the  ignition  of  toUd  bodies. 
Dr  Halley  calculated  the  height  of  a  meteor 
at  ninety  miles,  and  the  great  American 
meteor,  which  threw  down  showers  of  stones, 
was  estimated  at  seventeen  miles  high.  The 
velocity  of  motion  of  these  bodies  must  in  all 
cases  be  immensely  great,  and  the  heat  pro- 
duced by  the  compression  of  the  most  rare- 
fied air,  from  tiie  velocity  o(  motion,  must 
be  probably  sufficient  to  ignite  the  mass.  All 
the  phenomena  may  be  explained,  it  falling 
stars  be  supposed  to  be  small  solid  bodies 
moving  round  tlie  earth  in  very  eccentric 
orbits,  which  become  ignited  only  when  they 


pats  with  immense  velocity  through  the  upper 
regions  of  the  atmosphere ;  and  if  the  meteoric 
bodies  which  throw  down  stones  with  explo- 
sions, be  supposed  to  be  similar  bodies  which 
contain  either  combustible  or  elastic  matter. 

When  the  common  electrical  or  voltaic 
electrical  spark  is  taken  in  rare  air,  the  light 
is  considerably  diminished,  as  well  as  the 
'heat.  Yet  in  a  receiver  that  contained  air 
60  times  rarer  than  that  of  the  atmosphere, 
a  piece  of  wire  of  platinum,  placed  by  Sir  H. 
Davy  in  the  centre  of  the  luminous  arc  pro- 
duced by  the  great  voltaic  apparatus  of  the 
Royal  Institution,  became  white-hot;  and 
that  thisvas  not  owing  to  the  electrical  con- 
ducting powers  of  the  platinum,  was  proved 
by  repeating  the  experiment  with  a  filament 
of  glass,  which  instantly  fiised  in  the  same 
position.  It  is  evident  from  this,  that  elec- 
trical heat  and  light  may  appear  in  atmos- 
pheres, in  which  the  flame  of  combustible 
bodies  could  not  exist ;  and  the  fiict  is  inte- 
resting from  its  possible  application  in  ex- 
plaining the  phenomena  of  the  Aurora  B<h 
realis  and  Australia 

FinaUtft  we  may  establish  it  as  an  axiomt 
that  combustion  is  not  the  great  phenomenon 
of  chemical  nature,  but  an  etdventitious  ac- 
cidental accessory  to  chemical  combination  or 
decomposition  f  that  is,  to  the  internal  motions 
of  the  particles  of  bodieSf  tending  to  arrange 
them  in  a  new  chemical  constitution. 

Several  cases  of  death  from  spontaneous 
combustion  of  the  body  are  on  record.  See 
the  following  article  for  some  interesting  de- 
tails on  this  subjecL 

COMBUSTION  (SPONTANEOUS^ 
HUMAN).  Numerous  cases  of  this  mortal 
catastrophe  are  recorded.  M.  Julia  de  Fon- 
tenelle  has  lately  read  a  paper  on  the  subject 
to  the  Academy  of  Sciences  at  Paris.  Fi& 
teen  instances  are  particularly  described  by 
him,  from  the  details  of  which  the  following 
general  results  are  obtained :— • 

1.  Generally  tliose  who  have  died  by  spon- 
taneous combustion  have  indulged  in  excess 
of  alcoholic  liquors.  2.  The  combustion  ia 
almost  always  general,  but  in  some  cases 
may  be  partial.  3.  It  is  rare  amongst  men ; 
and  the  women  have  in  almost  every  case 
been  aged.  4*.  The  body  and  the  visceim 
have  always  been  burnt,  whilst  the  feet, 
hands,  and  crown  of  the  head,  have  almost 
always  been  saved.  5.  Although  it  is  known 
by  experience,  that  a  very  large  quantity  of 
wood  is  required  to  bum  a  corpse,  this  parti- 
cular kind  of  incineration  occurs  without 
inflaming  the  most  combustible  substancea 
of  an  ordinary  kind  near  it  6.  It  has  not 
been  shown  in  any  case,  that  the  presence 
of  an  inflamed  body  is  necessary  to  commence 
this  kind  of  combustion.  7.  \yater,  instead 
of  extinguishing  the  flame,  appears  to  give 
it  more  activity;  and  when  the  flame  has 
disappeared,  the  combustion  proceeds  witbin« 
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8.  They  ooeur  more  ft«qaently  in  winter 
then  in  sammer.  9.  The  cure  o£  genenU 
combustions  has  never  been  effected;  but 
sometimes  that  of  partial  ones.  10.  Those 
seised  with  combustion  experience  a  sensa- 
tion of  strong  internal  heat.  1 1.  It  is  sud- 
denly developed,  and  consumes  the  body  in 
a  few  hours.  18.  Those  parts  not  reached 
by  the  lire  are  affected  by  gangrene.  13^  A 
putrid  d^eneration  ensues,  which  causes 
gangrene.  14i.  The  residue  of  this  com- 
bustion is  composed  of  greasy  cinders,  and 
an  unctuous  fatty  matter,  both  having  a  fetid 
odour,  perceptible  at  a  great  distance. 

These  effects  appear  to  depend  altogether 
upon  a  new  arrangement  of  the  elements 
previously  existing  in  the  human  body. 

COMPTONITE.  A  new  mineral  found 
in  drusy  cavities,  in  qected  masses,  on  Mount 
Vesuvius.  It  occurs  crystallized,  in  oblique 
four-sided  prisms,  which  are  usually  trun- 
cated on  their  lateral  edges,  so  as  to  form 
eight^ided  prisms  terminated  with  flat  sum- 
mits. The  angles  of  the  oblique  prism  are 
probably  9(F  51'  and  88°  9^.  Transparent, 
or  semitransparent.  Gelatinizes  with  adds. 
It  b  sometimes  accompanied  with  acicular 
AiTBgonite.  It  was  first  brought  to  this 
country  by  Lord  Compton,  in  1818. 

CONCRETIONS  (MORBID).  SoUd 
deposites,  formed  by  diMsse  in  the  soft  parts, 
or  in  the  cavities  of  animal  bodies.  The 
former  are  usually  called  otsi/UationSf  as  they 
seem  to  consist  of  calcareous  phosphate. 
They  are  named,  according  to  the  part  in 
which  they  are  deposited,  pineal,  salivary, 
pulmonary,  pancreatic,  hepatic,  prostatic, 
gouty.  Deposites  in  cavities  are  generally 
styled  calculi,  from  their  resemblance  to  peb- 
bles. Tliese  are  intestinal,  gall-stones  or 
biliary,  renal,  and  urinary.  See  the  respective 
articles. 

CONDURRITE.  A  peculiar  ore  of 
copper  found  in  a  van  in  Conduirow  mine 
in  Cornwall  Its  general  colour  is  brownish- 
Mack,  with  sometimes  a  tinge  of  blue.  Its 
constituents  by  Mr  Faraday*s  analysis,  are-— 
Water,  -  a  087 

Arsenious  add,  25.944 

Copper,  -  60.498 

Sulphur,         -        aoe4 

Arsenic,  -  1.507 

100.000 
CONGELATION.  In  addition  to  the 
methods  pointed  out  under  Calobic,  for 
effecting  artifidal  congelation,  we  shall  here 
describe  the  degant  mode  by  the  air-pump, 
recently  introduced  by  Professor  Leslie. 

The  very  ingenious  Dr  Cullcn  seems  to 
have  been  the  first  who  applied  the  vacuum 
f^  an  air-pump  to  quicken  the  evaporation  of 
liquids,  with  a  view  to  the  abstraction  of  heat, 
or  artificial  congelation.  In  the  year  1755 
he  plunged  a  full  phial  of  ether  into  a  tum- 


bler of  water,  and,  on  pladng  it  under  the 
reodver,  and  exhausting  the  ur,  the  ether 
boiled,  and  the  surrounding  water  froze. 

In  the  year  1777,  Mr  Edward  Nairne,  a 
very  eminent  London  optician,  published  in 
the  TVansactions  of  the  Royal  Sodety  "  an 
account  of  some  experiments  made  with  an 
air-pump.*'  After  stating,  that  at  a  certdn 
point  of  rarefaction  the  moisture  about  the 
pump  furnished  an  atmosphere  of  vapour, 
which  affected  his  comparative  results  with 
the  mercurial  gauge  and  pear  gauge,  he  says, 
«  I  now  put  some  sulphuric  acid  into  the 
recdver,  as  a  means  of  trying  to  make  the 
remaining  contents  of  the  receiver,  when  ex- . 
hausted  as  much  as  possible,  to  consist  of 
permanent  air  only,  unadulterated  wiih  va- 
jHtur,**  He  was  thus  enabled  by  this  arti^ 
cial  dri/ness  to  exhibit  certdn  electrical  phe- 
nomena to  great  advantage.  The  next  step 
which  Mr  Ndme  took,  was  to  produce  arti" 
fidal  cold  by  the  dr-pump.  «*  Having  lately 
reodved  from  my  friend,  Dr  Lind,"  he  says, 
«  some  ether  prepared  by  the  ingenious  Mr 
Woolfe,  I  was  very  desirous  to  try  whether 
I  could  produce  any  conuderable  degree  of 
cold  by  the  evaporation  of  ether  under  a  re- 
cdver whilst  exhausting.'*  Accoidingly  he 
succeeded  in  sinking  a  thermometer,  whose 
bulb  was  from  time  to  time  dipped  into  the 
ether  in  vacuo,  103^  below  56S  the  tempera- 
ture of  the  apartment.  Mr  Nairne  made  no 
attempt  to  condense  the  vapour  in  vacuo  by 
cbemicd  means,  and  thus  to  favour  its  r«. 
newed  formation  from  the  liquid  surface; 
which  I  conuder  to  be  the  essence  of  Ph>- 
fessor  Leslie's  capital  improvement  on  Cul- 
len's  plan  of  artifidal  refrigeration.  Afler 
Ndrne's  removing  the  vapour  of  water  by 
sulphuric  acid  to  produce  artifidal  dryness^ 
there  was  indeed  but  a  slight  step  to  the  pro^ 
duction  of  artificial  cold,  by  the  very  same 
arrangement;  but  still  this  step  does  not  ap- 
pear to  have  been  attempted  by  any  person 
from  the  year  1777  to  1810,  when  Professor 
Leslie  was  naturally  led  to  make  it,  by  the 
trdn  of  his  researches  on  evaporation  and 
bygrometry. 

The  extreme  rapidity  of  evaporation  in 
vacuo  may  be  inferred  from  Dr  Robison's 
podtion,  that  all  liquids  boil  in  it  at  a  tem- 
perature ISO^  to  125<*  lower  than  thdr  usual 
boiUng  point  in  the  atmosphere.  Could  we 
find  a  liquid  or  solid  substance  which  would 
rapidly  imbibe  dcohol,  ether,  or  sulphuret  of 
carbon,  we  would  probably  be  able  to  effect 
reductions  of  temperature  prodigiously  grrat- 
er  than  any  hitherto  reached.  Water,  how- 
ever, has  no  doubt  one  advantage,  in  tiie  su- 
perior latent  heat  of  its  vapour,  which  must 
compensate  in  a  consideraible  degree  for  its 
inferior  rapidity  of  vaporization. 

In  the  month  of  June  1810,  Professor 
Leslie  having  introduced  a  surface  of  sulphu- 
ric acid  under  the  reodver  of  an  air-pump, 
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and  alio  a  watcfa-glaas  filled  wifh  water,  he 
foond^  dwt  after  a  few  itrokM  of  the  puinp> 
die  water  was  converied  into  a  solid  cake  of 
ioe»  which,  being  left  in  the  rarefted  mediuaa, 
continued  to  evaporate,  and  after  the  interval 
of  about  an  hour  totally  disappeared.  When 
the  air  has  been  rarefied  250  times,  the  ut- 
most tliat  under  such  circumstances  can  per- 
haps be  effected,  the  surface  of  evaporation 
is  cooled  down  120^  Fahrenheit  in  winter, 
and  would  probably,  from  more  copious  eva- 
poration and  condensation,  sink  near  200^  in 
summer.  If  the  air  be  rareJBed  only  SO  times, 
a  depreision  of  dO^*,  or  even  100^,  will  be  pro- 
duced. 

We  are  thus  enabled,  by  this  elegant  com- 
bination, to  freeae  a  maas  of  water  in  the 
hottest  weather,  and  to  keep  it  frosen,  till  it 
gradually  wastes  away  by  a  continued  but 
invisible  process  of  evaporation.     The  only 
thing  required  is,  that  the  surface  of  the  acid 
diould  approach  tolerably  near  to  that  of  the 
water,  and  should  have  a  greater  extent ;  for 
otherwise  the  moisture  would  exhale  more 
copiously  than  it  could  be  transferred  and  ab- 
sorbed, and  consequently  the  dryness  oi  the 
rarefied  medium  would  become  reduced,  and 
its  evaporating  energy  essentially  impaired. 
The  acid  should  be  poured  to  the  depth  of 
perhaps  half  an  inch,  in  a  broad  flat  dish, 
which  is  covered  by  a  receiver  of  a  form  near- 
ly hemispherical :  the  water  exposed  to  con- 
gelation may  be  contained  in  a  shallow  eup, 
about  half  the  width  of  the  dish,  and  having 
lis  rim  supported  by  a  narrow  porcelain  ring, 
upheld  above  the  surface  of  the  acid  by  three 
slender  feeC     It  is  of  consequence  that  the 
water  should  be  insulated  as  much  as  possi- 
ble, or  should  present  only  a  humid  surface 
to  the  contact  of  the  surrounding  medium ; 
for  the  dry  sides  of  the  cup  might  receive,  by 
radiation  from  the  external  air,  such  acces- 
sions of  heat,  as  greatly  to  diminish,  if  not  to 
counteract,  the  refrigerating  eflects  of  evapo- 
ration. This  inconvenience  is  In  a  great  mea- 
sure obviated  by  investing  the  cup  with  an 
outer  case,  at  the  interval  of  about  half  an 
inch.     If  both  the  cup  and  its  rase  oonMst  of 
glass,  the  process  of  congelation  is  viewed 
most  completely ;  yet  when  they  are  formed 
of  a  bright  metal,  the  effect  appears,  on  the 
whole,  more  striking.     But  the  preferable 
mede^  and  that  which  prevents  any  waste  of 
the  powers  of  refrigeration,  is  to  expose  the 
water  in  a  saucer  of  porous  earthen-ware.   At 
the  instant  of  congdatiou,  a  beautiful  net- 
work of  icy  spiculse  pervades  the  liquid  mass. 
The  disposition  of  the  water  to  fill  the  re- 
ceiver with  vapour,  will  seldom  permit  even 
a  good  air-pump  to  produce  greater  rarefac- 
tion than  that  inidicated  by  3-lOths  of  an  inch 
of  mercury  beneath  the  barometrical  height 
9t  the  time.     But  every  practical  <^ject  may 
be  ebtained  by  men  moderate  rareifhctions, 
and  a  considerable  surfiuM  of  add.    The  prtv* 


cess  goes  on  more  slowly,  bat  the  ice  is  very 
solid,  especially  if  the  water  have  been  pi»> 
viously  purged  of  its  air  by  distillatioay  or 
boiling  for  a  considerable  time.  If  we  use  a 
receiver,  with  a  sliding  wire  passing  down 
from  its  top  through  a  collar  of  leathers,  and 
attach  to  it  a  disc  of  glass ;  on  applying  this 
to  the  surface  of  the  water  cup,  we  may  in- 
stantly suspend  the  process  of  congelation  ; 
and  raising  the  disc  as  suddenly,  permit  the 
advancement  of  the  process. 

In  exhibiting  the  different  modifications 
of  this  system  of  congelation  to  my  pupils,  I 
have  been  accustomed  for  many  years  to  re- 
commend the  employment  of  a  series  of  cast- 
iron  plates,  attachable  by  screws  and  stop- 
cocks to  the  air-pump.  Each  iron  disc  has  a 
receiver  adapted  to  it.  Thus  we  may,  with 
one  air-pump,  successively  put  any  number 
of  freezing  processes  in  action.  A  cast-iron 
drum  of  considerable  dimensions  being  filled 
with  steam  by  beating  a  small  quantity  of 
water  in  it,  will  sufficiently  expel  the  air  for 
producing  the  requisite  vacuum.  When  it  is 
cooled  by  afTusion  of  water,  one  of  the  above 
transferrer  plates  being  attached  to  the  stop- 
cock  on  its  upper  surfiice,  would  caaily  ena- 
ble us,  without  any  air-pump,  to  effect  con- 
gelation by  means  of  sulphuric  acid  in  the 
attenuated  atmosphere.  Suppose  the  capacity 
of  the  receiver  to  be  l-60th  of  the  iron  cylin- 
der; an  aSSrifbrm  rarefaction  to  this  d^ree 
would  be  efi*ected  in  a  moment  by  a  turn  of 
the  stopcock  ;  and,  on  its  being  re-turned,  die 
moisture  below  would  be  cut  off,  and  the  acid 
would  speedily  condense  the  small  quantity  of 
vapour  which  had  ascended. 

lliis  cheap  and  powerful  plan  was  publidy 
recommended  by  me  upwards  of  16  years 
ago,  when  I  had  a  glass  model  of  it  made  Ibr 
class  illustration. 

The  combined  powers  of  rare&ction,  vapo- 
risation, and  absorption,  are  capable  of  effect- 
ing the  congelation  of  quicksilver.  If  this 
metal,  contained  in  a  hollow  pear-shaped 
piece  of  ice,  be  suspended  by  cross  thrnuia 
near  a  broad  surface  of  sulphuric  acid  under 
a  receiver ;  on  urging  the  rarefaction  it  will 
become  frosen,  and  may  be  kept  in  the  solid 
state  for  several  hours.  Or  otherwise,  baring 
introduced  mercury  into  the  large  bulb  of  a 
thermometer,  and  attached  the  stem  to  the 
sliding  rod  of  the  receiver,  place  this  over  the 
sulphuric  add  and  water  cup  on  the  air-pump 
plate.  After  the  air  has  been  rarefied  about 
60  times,  let  the  bulb  be  dipped  repeatedly 
into  the  very  cold  but  unfrozen  water,  and 
again  drawn  up  about  an  inch.  In  this  way 
it  will  become  incrustcd  with  successive  coets 
of  ice,  to  the  twentieth  of  an  indi  thick.  The 
cup  of  water  being  now  withdrawn  from  the 
receiver,  tlie  pendent  idde  cut  away  from  the 
bulb,  and  the  surfiice  of  the  ice  smoothed  with 
a  warm  finger,  the  reodvcr  is  again  to  be  re- 
placed, and  the  bulb  bang  let  down  within 
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half  aaincliof  tbe«cul»  dw  exbauation  nnuat 
lie  inshed  to  tbc  vtmost.  Wlwn  the  sypboB 
gauge  arrives  at  the  tenth  of  aD  inch,  the  icy 
craat  opens  with  fissures ;  and  the  mercury 
haring  graduaUj  descended  in  the  tube,  tiU 
it  reach  its  point  of  congelation,  or  39^*  below 
■ero»  sinks  bj  a  sudden  contraction  almost 
into  the  cavity  of  the  bulb*  The  apparatus 
beism^  now  removed*  and  the  ball  speedily 
broken,  the  metal  appears  a  solid  sliining 
mass,  thAt  will  bear  the  stroke  of  a  hammer. 
A  still  greater  degree  of  cold  may  be  pro- 
duced, by  applying  the  same  process  to  cool 
the  aitmospiiere  which  surrounds  the  reodver. 

When  the  acid  has  acquired  one-tenth  of 
water,  its  refrigerating  power  is  diminished 
only  one>bundredth.  When  the  quantity  of 
moisture  is  equal  to  ono>fourth  of  the  conoen- 
trated  acid,  the  power  of  generating  cold  is 
reduced  by  a  twentieth  ;  and  when  the  dilu* 
lion  is  one4ialf,  the  cooling  powers  become 
ooe-hidf,  or  probably  leas.  Sulphuric  acid  is 
hence  capable  of  eflbcting  the  congelation  of 
more  than  twenty  times  its  weight  of  wattf, 
befiore  it  has  imbibed  nearly  its  own  bulk  of 
ihat  liquid,  or  has  lost  about  one-eighth  of  its 
jefrigcraCing  power.  The  acid  should  then 
be  removed,  uid  reconcentratcd  by  heat. 

The  danger  of  using  a  corrosive  add  in 
unskilful  huids  may  be  obviated  by  using  oat- 
meal, desiccated  nearly  to  brownness  before  a 
kitchen-fire,  and  allowed  to  cool  in  dose  ves- 
sels. With  a  body  of  this,  a  foot  in  diameter 
and  an  inch  deep^  IVofessor  Leslie  frose  a 
pound  and  a  quarter  of  water,  contained  in  a 
hemispherical  porous  cup.  Muriate  of  lime 
in  ignited  porous  pieces  may  also  be  employ- 
ed as.  an  absorbent.  Even  mouldering  trap 
4Nr  whiostone  has  been  used  for  experimental 
illustration  with  success. 

By  the  joint  opemdoa  of  radiation  and 
evaporation  from  the  surface  of  water,  the  na- 
tives of  India  are  enabled  to  procure  a  sup- 
ply of  ice,  when  the  temperature  of  tlie  air  is 
many  degrees  above  the  freezing  point.  Not 
§V  from  Calcutta,  in  large  open  plains,  three 
ar  four  excavations  are  made  in  the  ground, 
about  90  feet  square,  and  2  feet  deep,  the 
bottom  of  which  is  covered  to  the  thickness  of 
nearly  a  foot  with  sugar  canes,  or  dried  stalks 
of  Indian  com.  On  this  bed  are  placed  rows 
of  small  unglazed  earthen  pans,  about  an  indi 
and  a  quarter  deep,  and  somewhat  porous. 
In  the  dusk  of  the  evening,  during  the  months 
of  December,  January,  and  February,  they 
are  filled  with  soft  water,  previously  boiled 
and  Bufi*ered  to  cool.  When  the  weather  is 
very  fine  and  clear,  a  great  part  of  the  water 
becomes  frozen  during  the  night  The  pans 
are  regularly  risitcd  at  sunrise,  and  thdr  con- 
tents emptied  into  baskets  which  retain  the 
ice.  These  are  now  carried  to  a  conserva- 
tory made  by  sinking  a  pit  H  or  15  feet  deep, 
lined  with  straw  under  a  layer  of  coarse 
blanketing.     The  sdmU  sheets  of  ice  are 


thrown  down  into  the  carity,  and  rammed 
into  a  solid  mass.  The  mouth  of  the  pit  is 
then  closed  up  with  straw  and  blankets,  and 
sheltered  by  a  thatched  root 

Far  some  additional  lacu  on  this  interest* 
ing  sul^ect,  see  the  sequel  of  the  artide 
Dew. 

CONGLOMERATE.  A  compound  mi- 
neral  mass  in  wfaioh  angular  fragments  of 
rocks  are  imbedded.  Tbe  Italian  term  breccia 
has  tbe  same  meamng.  In  pudding-stone 
the  imbedded  fragments  are  round,  bearing 
the  marks  of  having  been  polished  by  attri- 
tion. 

CONIA.  The  vcgeto-alkali  of  conivm 
maculaium  or  hemlock.  The  alcoholic  infu- 
sion, evaporated  and  agitated  with  water,  is 
to  be  treated  either  with  alumina,  magnesia, 
or  oxide  of  lead :  tbe  whole  is  then  evapo- 
rated to  dryness,  and  the  residuum  treated 
with  a  mixture  of  alcohol  and  ether,  which, 
bewg  evaporated,  leaves  the  cento.  It  pos- 
sesses very  marked  alkaline  properties.  Half 
a  grain  is  said  to  be  suffideot  to  kill  a  rabbit; 
indudng  symptoms  like  those  brought  on  by 
strychnia. 

CONITE.  An  ash  or  greenish-grey  co- 
loured mineral,  which  becomes  brown  on  ex- 
posure to  tbe  air.  It  is  massive  or  stalactitic, 
is  dull  internally,  and  has  a  small-grained  un- 
even fracture.  It  is  brittle ;  sp.  gr.  2.85.  It 
dissolves  in  nitric  add  with  slight  effervea- 
cence,  and  blackens  without  fusing  before 
the  blowpipe.  Its  constituents  are,  67.5  car- 
bonate of  magnesia,  28  carbonate  oflime,  3.5 
oxide  of  iron,  and  1  water.  It  is  found  in 
the  Meissner  trap  hill  in  Hessia,  in  Saxony, 
and  Iceland.  Dr  Macculloch  has  given  the 
name  Conite  to  a  pulverulent  mineral,  as 
fusible  as  glass  into  a  transparent  bead,  which 
be  found  in  Mull  and  Glenfarg,  in  the  trap 
hills  of  Kilpatrick,  and  the  Isle  of  Sky. 
'  COPAL,  improperly  called  gum  copal,  is 
a  hard)  shining,  transparent,  dtron-coloured, 
odoriferous,  concrete  juice  of  an  American 
tree ;  but  which  has  neither  the  solubility  in 
water  common  to  gums,  nor  the  solubility  in 
alcohol  common  to  resins,  at  least  in  any  con- 
siderable degree.  By  these  properties  it  re- 
sembles amber.  It  may  be  dissolved  by  di- 
gestion in  linseed  oil,  rendered  drying  by 
quicklime,  with  a  heat  very  little  less  than 
suflident  to  boil  or  decompose  tlie  oil.  This 
solution,  diluted  with  oil  of  turpentine,  forms 
a  beautiful  t/«osparent  varnish,  which,  when 
properly  applied,  and  slowly  dried,  is  very 
hard  and  very  durable.  This  varnish  is  ap- 
plied to  snuff-boxes,  tea-boards,  and  other 
utensils.  It  preserves  and  gives  lustre  to 
paintings,  and  greatly  restores  the  decayed 
colours  of  old  pictures,  by  filling  up  the 
cracks,  and  rendering  the  surfaces  capaiole  of 
reflecting  light  more  uniformly. 

Mr  Sheldrake  has  found,  that  camphor 
has  a  powerful  action  pn  cofwl ;  for  if  pow- 
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dered  copal  be  triturated  with  a  little  cam- 
phor, it  Mftens,  and  becomes  a  coherent 
mass ;  and  camphor,  added  either  to  alcohol 
or  oil  of  turpentine,  renders  it  a  solvent  of 
copal.  Half  an  ounce  of  camphor  is  suffi- 
cient for  a  quart  of  oil  of  turpentine,  which 
should  be  of  the  best  quality ;  and  the  copal, 
about  the  quantity  of  a  large  walnut,  should 
be  broken  into  very  small  pieces,  but  not 
reduced  to  a  fine  powder.  The  mixture 
should  be  set  on  a  fire  so  brisk  as  to  make 
the  mixture  boil  almost  immediately ;  and 
the  vessel  Mr  &  recommends  to  be  of  tin  or 
other  metal,  strong,  shaped  like  a  wine-bottle 
with  a  long  neck,  and  capable  of  holding 
two  quarts.  The  mouth  should  be  stopped 
with  a  cork,  in  which  a  notch  is  cut  to  pre- 
vent the  vessel  from  bursting.  It  is  probably 
owing  to  the  quantity  of  camphor  it  contains, 
that  oil  of  lavender  is  a  solvent  of  copal. 
Camphor  and  alcohol  dissolve  copal  still  more 
readily  than  camphor  and  oil  of  turpentine. 

Lewis  had  observed,  that  solution  of  am- 
monia enabled  oil  of  turpentine  to  dissolve 
oopal ;  but  it  requires  such  nice  manage- 
ment of  the  fire  that  it  seldom  succeeds  com- 
pletely. 

In  the  51st  volume  of  Tilloch's  Magazine^ 
Mr  Cornelius  Varley  states,  that  a  good  var- 
nisli  may  be  made  by  pouring  upon  Uie  purest 
lumps  of  copal,  reduced  to  a  fine  mass  in  a 
mortar,  colourless  spirits  of  turpentine,  to 
about  one-third  higher  than  the  copal,  and 
triturating  the  mixture  occasionally  in  the 
course  of  the  day.  Next  morning  it  may  be 
poured  off  into  a  bottle  for  use.  Successive 
portions  of  oil  of  turpentine  may  thus  be 
worked  with  the  same  copal  mass.  Campho- 
rated oil  of  turpentine,  and  oil  of  spike  la- 
vender, are  also  recommended  as  separate  sol- 
vents without  trituration.  The  latter,  how- 
ever, thougli  very  good  for  drawings  or  prints, 
will  not  do  for  varnishing  pictures,  as  it  di^ 
solves  the  paint  underneath,  and  runs  down 
while  drying. 

COPPER  is  a  metal  of  a  peculiar  red- 
dish-brown  colour ;  hard,  sonorous,  very  mal- 
leable, and  ductile ;  of  considerable  tenacity, 
and  of  a  specific  gravity  from  8.6  to  8.9.  At 
a  degree  of  heat  far  below  ignition,  the  sur- 
face of  a  piece  of  polished  copper  becomes 
covered  with  various  ranges  of  prismatic 
colours,  the  red  of  each  order  being  nearest 
the  end  which  has  been  most  heated ;  an 
effect  which  must  doubtless  be  attributed  to 
oxidation,  the  stratum  of  oxide  being  thickest 
where  the  heat  is  greatest,  and  growing  gra- 
dually tliinner  and  thinner  towards  the  colder 
part.  A  greater  degree  of  heat  oxidizes  it 
more  rapidly,  so  that  it  contracts  thin  pow- 
dery scales  on  its  surface,  which  may  be 
eauly  rubbed  off;  the  flame  of  the  fuel  be- 
coming at  the  same  time  of  a  beautiful 
bluish-green  colour.  In  a  heat,  nearly  the 
same  as  is  necessary  to  meit  gold  or  silver,  it 


melts,  and  exhibits  a  bluisb-green  flame ;  by 
a  violent  heat  it  boils,  and  is  volatilised  partly 
in  the  metallic  state. 

Copper  rusts  in  the  air ;  but  the  corroded 
part  is  very  thin,  and  preserves  the  metal  be* 
neath  from  farther  corrosion. 

We  have  two  oxides  of  copper.  Hie 
black,  procurable  by  heat,  or  by  drying  the 
hydrated  oxide  precipitated  by  potuh  from 
the  nitrate.  It  consists  of  8  copper  -f-  8 
oxygen..  It  is  a  deutoxide.  The  protoxide 
is  obtained  by  digesting  a  solution  of  mu- 
riate of  copper  with  copper  turnings,  in  a 
close  phial.  The  colour  passes  from  green 
to  dailc  brown,  and  grey  crystalline  grains 
are  deposited.  The  solution  of  these  yields^ 
by  potash,  a  precifntate  of  an  orange  colour* 
which  is  the  protoxide.  It  consists  of  8  cop- 
per -f-  1  oxygen.  Protoxide  of  copper  has 
been  lately  found  by  Mr  Mushet  in  a  mass 
of  copper,  which  had  been  exposed  to  heat, 
for  a  considerable  time,  in  one  of  the  melting 
fnmaces  of  the  mint  under  his  superintend- 
ence. 

Copper,  in  filings,  or  thin  lamins,  intro- 
duced into  chlorine,  unites  with  flame  into 
the  chloride  ;  of  which  there  are  two  varie- 
ties,—the  protochloride,  a  fixed  yellow  sub- 
stance, and  the  deutochloride^  a  yellowish- 
brown  pulverulent  sublimate.  1.  The  crys- 
talline grains  deposited  from  the  above  mu- 
riatic solution  are  protochloride.  The  proto- 
chloride is  conveniently  made  by  heating  to- 
gether two  parts  of  corrosive  sublimate^  and 
one  of  copper  filings.  An  amber-coloured 
translucent  substance,  first  discovered  by 
Boyle,  who  called  it  resin  of  copper,  is  6b- 
tained.  It  is  fusible  at  a  beat  just  below 
redness ;  and  in  a  close  vessel,  or  a  vessel 
with  a  narrow  orifice,  is  not  decomposed  or 
sublimed  by  a  strong  red  heat.  But  if  air  be 
admitted,  it  is  dissipated  in  dense  white 
fumes.  It  is  insoluble  in  water.  It  effer- 
vesces in  nitric  acid.  It  dissolves  silently 
in  muriatic  acid,  from  which  it  may  be  pre- 
cipitated by  water.  By  slow  cooling  of  the 
fused  mass  Dr  John  Davy  obtained  it  crys- 
tallised, apparently  in  small  plates,  semitrans- 
parent,  and  of  a  light  yellow  colour.  It  con- 
sists, by  the  same  ingenious  chemist,  of 
Chlorine,  36  or  i  primes  4fi. 5  96 
Copper,       64      or  1  prime      8.0        64p 

100  12.5       100 

2.  DetUochloride  is  best  made  by  slowly 
evaporating  to  dryness,  at  a  temperature  not 
much  above  400^  Fahr.  the  deliquescent  mu- 
riate of  copper.  It  is  a  yellow  powder.  By 
absorption  of  moisture  from  the  air,  it  passes 
from  yellow  to  white,  and  then  green,  repro- 
ducing common  muriate.  Heat  converts  it 
into  protochloride,  with  the  disengagement  of 
chlorine.  Dr  Davy  ascertained  the  chemical 
constitution  of  both  these  compounds,  by  se- 
parating the  copper  with  iron,  and  the  chlo- 
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rine  by  nitnte  of  mlrar.     The  deutochloride 

consists  of 

Chlorine,  53        2  primes  9         53 
Copper,     47         1     do.     8         47 

100  17        100 

The  iodide  of  copper  is  formed  by  dropping 
aqueous  hydriodate  of  potash  into  a  solution 
of  any  cupreous  salt.  It  is  an  insoluble  dark 
brown  powder. 

Phoiphuret  rf  copper  is  made  by  project- 
ing phosphorus  into  red-hot  copper.  It  is 
of  a  white  colour,  harder  than  iron,  pretty 
fusible,  but  not  ductile.  Its  sp.  gr.  is  7. 12. 
It  cryBtallizes  in  four-sided  prisms.  Pkoust, 
its  AbcoTerer,  says  it  consists  of  20  phospho- 
rus -f-  ^  copper.  Phosphorus  -f*  ^  X  8>0 
copper,  form  the  equivalent  proportions  by 
theory.  Heat  bums  out  the  phosphorus, 
and  scorifies  the  copper. 

Sulphurel  of  copper  is  formed  by  mixing 
together  eight  parts  of  copper  filings  and  two 
of  sulphur,  and  exposing  the  mixture  to  a 
gentle  heat.  Whenever  the  sulphur  is  ndsed 
a  little  above  its  melting  temperature,  conu* 
bustion  suddenly  pervades  the  whole  mass 
with  explosive  violence. 

Ignition,  with  reciprocal  saturation,  con- 
stitutes a  true  combustion,  of  which  every 
diaracter  is  here.  And  since  the  experi- 
ment succeeds  perfectly  well  in  vacuo,  or  in 
azote,  we  are  entitled  to  consider  sulfur  as 
a  true  supporter  of  combustion,  if  this  name 
be  retained  in  chemistry ;  a  name  indicating 
what  no  person  can  prove,  that  one  of  the 
combining  bodies  is  a  mere  supporter,  and 
the  other  a  mere  combustible.  Combustion 
is,  on  the  contrary,  shown  by  this  beautiful 
experiment  to  be  independent  of  those  bodies 
vulgarly  reckoned  supporters.  Indeed,  suL- 
phur  bears  to  copper  the  same  electrical  reU- 
tien  that  oxygen  and  chlorine  bear  to  this 
metaL  Hence  sulphur  is  at  once  a  sup- 
porter and  a  combustible,  in  the  fullest  sense ; 
a  Iket  fatal  to  tiiis  technical  distinction,  since 
one  body  cannot  be  possessed  of  opposite 
qualities. 

When  a  disc  of  copper,  vrith  an  insulated 
handle,  is  made  to  touch  a  disc  of  sulphur, 
powerful  electrical  changes  ensue ;  and  at  a 
higher  temperature  we  see,  that  the  recipro- 
cal attractive  forces,  or  the  corpuscular  move- 
ments which  accompany  energetic  affinity, 
excite  the  phenomena  of  combustion.  To 
say  that  one  of  the  combining  bodies  contains 
a  latent  magazine  of  heat  and  light,  to  feed 
the  flame  of  the  other  body,  is  an  hypothesis 
altogether  destitute  of  proof,  which  should 
therefore  have  no  place  in  one  of  the  exact 
sciences,  far  less  be  made  the  ground-work 
of  a  chemical  system. 

Sulphuret  of  copper  consists,  according  to 
Berzelius,  of  very  nearly  8  copper  -f-  ^  >ul- 
•  phur.     We  may  regard  it  as  containing  a 
prime  of  each  constituent. 


Sulphuric  acid,  when  concentrated  and 
bcultng,  dissolves  copper.  If  water  be  added 
to  this,  it  forms  a  blue  solution  of  copper, 
which,  by  evaporation,  aflfbrds  blue  crystals, 
that  require  about  four  times  their  weight  of 
water  to  dissolve  them. 

The  solutions  of  copper  in  sulphuric  acid 
are  slightly  caustic  Magnesia,  lime,  and 
the  fixed  alkalis,  precipitate  the  metal  from 
them  in  the  form  of  oxide.  Volatile  alkali 
precipitates  all  the  solution  of  copper,  but 
redissolves  the  oxide,  and  produces  a  deep 
blue  colour.  There  are  certain  mineral 
waters  in  Hungary,  Sweden,  Ireland,  and  in 
various  parts  of  England,  which  contun  sul- 
phate of  copper,  and  from  which  it  is  preci- 
pitated by  the  addition  of  pieces  of  old  iron. 

Nitric  acid  dissolves  copper  with  great  rar- 
pidity,  and  disengages  a  large  quantity  of 
nitrous  gas.  Put  of  the  metal  falls  down 
in  the  form  of  an  oxide ;  and  the  filtrated  or 
decanted  solution,  which  is  of  a  much  deeper 
blue  colour  than  the  sulphuric  solution, 
affords  crystals  by  slow  evaporation.  This 
salt  is  deliquescent,  very  soluble  in  water, 
but  most  plentifully  when  the  fluid  is  heated. 
Its  solution,  exposed  to  the  air  in  shallow 
vessels,  deposits  an  oxide  of  a  green  colour. 
Lime  precipitates  tlie  metal  of  a  pale  blue, 
fixed  alkalis  of  a  bluish-white.  Volatile 
alkali  throws  down  bluish  flocks,  which  are 
quickly  redissolved,  and  produce  a  lively 
blue  colour  in  the  fluid. 

The  saline  combinations  of  copper  were 
formerly  called  salet  veiteris,  because  Venus 
was  the  mythological  name  of  copper.  Hiey 
have  the  following  general  characters: — 1. 
Hiey  are  mostly  soluble  in  water,  and  their 
solutions  have  a  green  or  blue  colour,  or  ac- 
quire one  of  these  colours  on  exposure  to 
air.  2.  Ammonia  added  to  the  solutions, 
produces  a  deep  blue  colour.  3.  Ferroprus- 
slate  of  potash  gives  a  reddish-brown  preci- 
pitate, with  cupreous  salts.  4w  Gallic  acid 
gives  a  brown  precipitate.  5.  Hydrosulphu- 
ret  of  potash  g^ives  a  black  precipitate.  6. 
A  plate  of  iron  immersed  in  these  solutions 
throws  down  metallic  copper,  and  very  ra- 
pidly if  there  be  a  slight  excess  of  acid. 
The  protoxide  of  copper  can  be  combined 
with  the  acids  only  by  very  particular  ma- 
nagement. All  the  ordinary  salts  of  copper 
have  the  peroxide  for  a  base. 

AcettUe  of  copper »  The  joint  agency  of  air 
and  acetic  acid  is  necessary  to  the  production 
of  the  cupreous  acetates.  By  exposing  cop- 
,  per  plates  to  the  vapours  of  vinegar,  the 
bluish-green  verdigris  is  formed,  which  by 
solution  in  vinegar  constitutes  acetate  of  cop- 
per. This  salt  crystallizes  in  four-sided 
truncated  pyramids.  Its  colour  is  a  fine 
bluish-green.  Its  sp,  gr.  is  1.78.  It  has 
an  austere  metallic  taste;  and,  swallowed, 
proves  a  violent  poison.  Boiling  water  dis- 
solves one-fiAh  of  the  salt,  of  which  it  depo- 
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■ItttlMgrMtarpaitoDCOoiiag;  itnioluble 
alfo  in  aloohol.  It  cfflowwicw  bj  ezpomre 
to  air.  By  heat,  in  a  nion,  it  yidd*  aoatic 
acid,  and  pyro-acetic  spirit.  Sulphuratted 
hydrogen  throws  down  the  copper  from  soln» 
tions  of  this  salt,  in  the  state  of  sulphnret. 
I  had  occasion  to  analyse  this  salt  about  two 
years  ago,  and  found  it  to  consist,  by  expe- 
riment,  of 

Exper.  Tbceij* 

Acetic  add,  52.0  2  atoms  la 26  51.9B 
Perox.  of  cop.  39.6  1  do.  laOO  39.20 
Water,  a4    1  do.        2.25      a82 

looo  25.51  loaoo 

More  lately,  I  have  prepared  a  crystalliacd 
binaoetate,  which  I  found  to  be  anhydrous. 

M.  Vauquelin  gives  lor  the  composition 
of  the  crystallixed  acetate  of  copper. 
Acetic  acid,      -      2  atoms,  12.75    51 
Oadde  of  copper,     1  10.00    40 

Water,  -  3  2.25      9 

100 
Verdigris  is  a  mixture  of  the  crystalliaed 
acetate  of  copper  and  a  subacetate^  A  per* 
tion  of  the  letter  was  extracted  by  washing 
pulverised  verdigris  nqpidly^  with  successiTe 
small  portions  of  cold  water,  to  avoid  decom- 
position. Thii,  when  dried,  was  analysed, 
for  the  oxide^  by  ignition  after  nitric  acid ; 
and  for  the  add,  by  converting  caibonate  of 
potash  into  acetate.  Its  constituents  were 
found  to  be  nearly  60.5  oxide,  and  33.5  add. 
When  a  solution  of  crystallised  acetate  is 
boiled  for  some  time,  it  is  decomposed,  a  little 
acetic  add  escapes,  much  black  oxide  of  cop- 
per falls  down,  and  when  the  decomposition 
ceases,  which  it  always  ultimately  does,  ano- 
ther acetate  of  copper  is  found  in  the  solu> 
tion.  Tliis  decomposition  takes  place  in 
close  vessels,  where  no  acetic  add  is  allowed 
to  escape.  One  hundred  parts  of  the  crys- 
tallized aceta^  deposit  about  14b  65  of  oxide, 
leaving  in  solution  25.35  parts,  combined 
with  twice  its  wdgfat  of  acetic  acid. 

Hence  there  are  three  combinations  of 
acetic  add  and  oxide  of  copper,  containing, 
the  first,  66.5 ;  the  second,  44.44 ;  and  the 
third,  3a34  of  oxide.  If  1  part  of  verdigris 
be  mixed  with  500  of  distilled  water,  and 
left  at  a  temperature  of  60°  or  70°  F.  it 
gradually  becomes  yellow,  then  brown,  an4 
in  seven  or  dght  days  no  green  portions  are 
to  be  observed.  When  filtered,  peroxide  is 
obtained  :  100  parts  of  verdigris  were  found 
thus  to  leave  about  23  parts  of  oxide  of  cop- 
per. It  is  only  the  subacetate  of  the  verdi- 
gris which  undergoes  this  change.  Xhia 
subacetate  is  insoluble  in  water,  but  decom- 
posable in  that  fluid  into  a  peroxide  and  an 
acetate.  Tlie  other  two  salts  are  the  neutral 
acetate,  resolvable  by  boiling  in  water  into 
peroxide  and  superacetate ;  and  this  supers 
aceta^.-* AftfrnoiiYj  de  Mustum,  x.  295. 


TWsubncelafteof 
solving  verdigris  in  water,  is  said  to 
of  add  and  water^  37 
Oxide,.  63 

The  proportion  of  40  add  -f»  60  oxide  is 
that  of  1  atom  of  each,  to  use  tfie  hypotheti- 
cal term.  Now  Proust's  expcrimcnU  seem 
to  leave  uncertainty  to  the  amount  of  thaft 
difference.  Hiis  salt  should  be  caUed  pro. 
bably  the  acetate.  Pkoust's  inaolublo  part  of 
verdigris  will  become  the  tubaceiate.  This 
constitutes  44  per  cent,  and  the  other  56.  But 
the  proportions  will  fluctuate;  and  an  intei^ 
mixture  of  carbonate  may  be  expected  oeca- 
sionally. 

Anewiaie  ofe&pper  presents  us  with  miny 
sub-spedes  which  are  found  native  The 
aiseniate  may  be  formed  artificially  by  dii' 
gesting  arsenic  add  on  copper,  or  by  adding 
arseniate  of  potash  to  a  cupreous  saline  aol». 
tion. 

1.  Obitae  ocUhedral  armmiokty  consiAing 
of  two  four-sided  pyramids^  applied  baae  ton 
base^  of  a  deep  sky-blue  or  grsss-green  co- 
lour. Tbdr  sp.  gr.  is  2.8a  They  consist^, 
aecording  to  Chenevix,  of  ]4b3  acid  4-  ^ 
brown  oxide  -(-35.7  water.  2.  Hewakedrak 
arttiUaie  is  found  in  fine  six-sided  lamins^ 
divisible  into  thin  scales.  Its  colour  is  « 
deep  emerald-green;  and  its  sp.  gr.  2.548. 
It  consists,  by  Vau^ielin,  of  4^3  acid  4"  ^ 
oxide  4-  18  water.  When  arseniate  of  am- 
monia is  poured  into  nitrate  of  copper,  this 
variety  predpitates  in  small  blue  crystals. 
3.  jicute  oetohedral  aneniate,  composed  of 
two  four-sided  pyramids,  applied  base  to  base^ 
and  sometimes  in  rfaomboidal  prisms,  with 
dihedral  summits.  It  consists  of  29  add  -f^ 
50  oxide  +  21  water.  The  hwt  ingredient 
is  sometimes  wanting.  4.  Trihedral  aneniate 
occure  also  in  other  forms.  Colour  bluish- 
green.  It  consbts,  by  Chenevix,  of  30  add 
-[-  54  oxide  -[-16  water.  5.  Superaruniatcm, 
On  evaporating  the  supernatant  solution  in 
the  second  variety  artificially  made,  and  add- 
ing alcohol,  M.  Chenevix  obtained  a  predpk^ 
tate  in  small  blue  rfaomboidal  crystals.  They 
were  composed  of  4<K1  add  -^  35.5  oxide 
-^  24.4  water.  The  following  is  a  general 
uble  of  the  composition  of  these  arseni- 
ates:— - 


Add. 

OxMsl 

Watcft 

i. 

1.00 

a7o 

2.50 

2. 

1.00 

2.76 

1.00 

3. 

1.00 

1.72 

0.70 

4. 

1.00 

1.80 

a53 

5. 

1.00 

0.88 

a60 

Ar$enit9  of  eoftper,  called  Scheele's  green, 
is  prepared  by  the  old  prescription  of  mixing 
a  solution  of  2  parts  of  sulphate  of  copper  ia 
44  of  water,  with  a  solution  of  2  parts  of 
potash  of  commerce,  and  1  of  pulverised  ar- 
senious  arid,  also  in  44  of  water,  l^th  so- 
Uitions  being  warm,  the  first  is  to  be  giiadu^ 
ally  poured  into  th^  second.  ThOj 
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ioaolvlil*  fndfkaim  k  to  be  weU  waibed  with 


Carbonaie  of  capper.  Of  this  compouBd 
then  are  tbvee  native  viictiwa  the  gram,  the 
bhie^  and  the  anfaydroua*  According  to  Mr 
R.  PhiUps^  the  foUowiog  ia  the  order  of  their 
composition  :— 

1st.  2d.  3d. 

Carbonic  acid,        2.75       11.00  2.75 

Dentox.  copfwr,    10.00       SaOO         laOO 
Water,  1.125       2.25  aOO 


Ibnoed  fa^  aatofslisig  tbt  axoua  of  add  with 
oside  of  copper.  It  crystallizes  in  four. 
sided  pyramids,  sepantad  by  quadrangular 


Weightsofpriixies,  13.875     43.25         12.75 

The  artifidal  carbonate,  obtained  by  Proust 
on  adding  an  alkaline  cwrbonate  to  a  solution 
of  the  nitrate  of  copper,  is  the  same  wilb  the 
second  kind. 

Chlorate  of  copper  is  a  deflagrating  deli- 
quescent green  mUl 

FUuUe  of  topper  iM  in  small  blue-colouied 
crystals. 

JJjfdriodate  of  copper  is  a  greyisb-white 
powder. 

Frolomwriate  of  copper  has  already  been 
described  in  treating  of  the  chlorides^ 

JOeuiomi^riate  if  copper,  formed  by  dis- 
solving the  deutoxide  in  muriatic  acid,  or  by 
heating  muriatic  acid  on  copper  filings,  yielcb 
by  evaporatioo  crystals  of  a  grass-green  co- 
lour, in  the  form  of  rectangular  parallelopL- 
peds.  Their  sp.  gr.  is  1.68.  lliey  are  caus- 
tic, very  deliquescent,  and  of  course  very  so- 
luble in  water.  According  to  Beraeliufli.  it 
consists  of 

Aci4  40.2 

Deutoxide,       5^8 

100.0 
Hie  ammonia^wUraie  evaporated,  yields  a 
fuhninatiog  copper.  Crystals  of  nitrate, 
mixed  with  phosphorus,  ind  struck  with  a 
hammer,  detonate. '  When  pulverised,  then 
slightly  moistened,  and  suddenly  wrapt  up 
firm  in  tin-foil,  the  nitrate  produces  an  ex- 
plosive combustion.  The  nitrate  seems  to 
consist  of  a  prime  of  acid  -[-  *  prime  of  deut- 
oxide, besides  water  of  crystallization. 

SubnUrote  if  coftper  is  the  blue  precipitate 
occasioned  by  adding  a  little  potash  to  the 
neutral  mtric  scrfutioo. 

Nitrate  tfeofijKr  is  formed  by  mixing  ni- 
trate of  lead  with  sulphate  of  copper. 

The  M^iAate,  or  blue  vitriol  of  commerce, 

is  a  biaulphate.     Its  sp^  gr.  is  2.2.     It  con- 

sista  of 

Acid,         31.38      2  primes,  10.0      32.0 

Oxide,      32.32      1      do.     laO      32.0 

Water,      36.30    10     do.     11.25    36.0 


M.  Proust  farmed  a  subsulphate  by  adding 
a  little  pure  potash  to  a  solution  of  the  last 
salt.     A  green-coloured  precipitate  fidla. 

Protosuipkite  of  copper  is  formed  by  pass^: 
ing  a  current  of  sulphurous  acid  gas  through 
the  deutoxide  of  copper  diffused  in  water.  It 
is  deprived  of  a  pari  of  its  oxygen,  and  com. 
bines  with  the  acid.  The  sulphate^  simuU 
taneously  produced^  dissolves  in  the  water ; 
while  the  sulphite  forms  small  red  crystals^ 
ftcan.  which  merely  long  ebullition  in  water 
expels  the  add. 

StUphite  of  potath  and  copper  is  made  by 
adding  the  sulphite  of  potash  to  nitrate  of 
copper.  A  yeUow  flocculent  predpitats,  con» 
siating  of  minute  crystals,  falls. 

AmnMmo/^tdpkiUe  yf*  copper  is  the  salt 
ibrmed  by  adding  water  of  ammonia  to  scdu- 
tion  of  tbe  biaulphate.  It  consists,  according 
to  Berselius,  of  1  prime  of  the  cupreous 
and  1  of  the  ammoniaeal  sulphate,  combined 
together;  or  2aO  4.  7.13  +  14.625  of 
water. 

Subsuij^ale  of  ammonia  and  copper  is 
formed  by  adding  alcohol  to  the  solution  ci 
the  preceding  salt,  which  precipitates  the  sub- 
sul]rfiate.  It  is  the  cuprcum  ammoniacum  of 
the  pbarmacopceia.  According  to  Berselius, 
it  consists  of 

Add,  32.25  or  nearly  2  primes, 

Deutox.  of  copper^  34.00  1     do. 

Ammonia,  26.40  4    do^ 

Water,  7.35  2    do. 


loaoo  31.25  loao 

A  mixed  solution  of  this  sulphate  and  sal 
ammoniac  forma  an  ink,  whose  traces  are 
invisible  in  the  cold,  but  becoaae  yellow  when 
heated,  and  vanish  again  as  the  paper  cools. 

A   neutral  sulphate  of  copper  may  be 


100.00 

Svifihale  (f  potash  and  coftper  is  formed  by 
•digesting  biaulphate  of  potssh  on  the  deut- 
oxide or  carlionate  of  copper.  Its  crystals 
are  greenish-coloured  flat  parallelopipedon^ 
It  seems  to  consist  of  2  primes  of  sulphate  of 
potash  -^  1  prime  of  bisulphato  of  copper 
-f-  12  of  water. 

The  following  adds,  antiraonk,  antimoni- 
ous,  boradc,  chromic,  molybdic,  phosphoric, 
tungstic,  form  insoluble  salts  with  deutoxide 
of  copper.  The  first  two  are  green,  the  thinl 
is  brown»  the  fourth  and  fifth  green,  and  tbe 
sixth  white.  Tbe  benzoate  is  in  green  crys^ 
ithf  spsringly  soluble^  Tbe  oxalate  Is  liso 
green.  The  binoxalates  of  potash  and  soda, 
with  oxide  of  copper,  give  triple  salts,  in 
green  needle-form  crystals.  There  are  also 
ammonifr-oxalates  in  different  varieties.  Tar- 
trate of  copper  forms  dark  bluish-green  crys- 
tals. Cream-tartiate  of  copper  i»  a  bluish- 
green  powder,  commonly  called  Brunswick- 
green.  M«  Vuaflart  haa  observed,  that  chro- 
mato  of  copper,  prepared  by  pvedpitaling 
sulphate  of  capper  by  chromate  of  potaib, 
and  which  is  of  a  reddish-brown  coloiir,  is 
soluble  in  dibtte  vrater  of  ommfXUB,  prq^o- 
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iDg  •  dear  lolulion  of  a  besutifiil  and  deep  menta  of  tliit  alloy.  '  A  dagger  analyied  by 
green  colour.  When  the  tolution  is  evapo-  Mr^Hielm^oonaisted  of  83}  copper,  and  16f 
rated,  the  reddish  chromate  of  copper  appears     tin. 

as  the  ammonia  flies  off.     The  readiest  way         White  copper  or  packfong  is  an  alloy  made 

of  preparing  this  permanent  and  beautiful     of  proportions  which  vary  according  to  the 

colour,  is  to  add  solution  of  chromate  of     uses  for  which  it  is  destined.     When  it  is  to 

potash  to  ammoniacal  sulphate  of  copper.— •     resemble  silver,  it  should  be  composed  of  85 

Journ.  de  Pharmacie  for  1824,  p.  607.    See     parts  nickel»  25  ziuC)  and  50  copper.     An 

Salt.  alloy  better  fitted  for  rolling  consists  of  85 

To  obtain  pure  copper  for  experiments,  we     nickel,   20  cine,  and  60  of  copper.     Cast 

precipitate  it  in  the  metallic  state,  by  im-     pieces,  such  as  candlesticks,  bells,  &c  are  to 

mersing  a  plate  of  iron  in  a  solution  of  the     be  made  of  an  tlloy  composed  of  20  parts 

deutomuriate.    The  pulverulent  copper  must     nickel,  20  sine,  60  copper,  to  which  three  of 

be  washed  with  dilute  muriatic  acid.  lead  have  been  added.     Two  or  two  and  a 

In  the  wet  way,  Brunswick  or  Friezland-     half  parts  of  iron  or  steel  introduced  in  the 

green  is  prepared  by  pouring  a  saturated  so-     hundied,  render  the  packfong  mucli  whiter, 

lution  of  muriate  of  ammonia  over  copper     but  at  the   same    time  hatder  and   more 

filings  or  shreds  in  a  close  vessel,  keeping  the     brittle. 

mixture  in  a  warm  place*  and  adding  more  Copper  unites  with  bismuth,  and  forms  a 
of  the  solution  from  time  to  time^  till  three  reddish-white  alloy.  With  arsenic  it  forms 
parts  of  muriate  and  two  of  copper  have  been  a  white  brittle  compound,  called  tombac 
used.  After  standing  a  few  weeks,  the  pig>  With  sine  it  forms  the  compound  called  brass, 
ment  is  to  be  separated  from  the  unoxidized  and  distinguished  by  various  other  names, 
isopper,  by  washing  through  a  sieve ;  and  according  to  the  proportions  of  the  two  in- 
then  it  is  to  be  well  washed*  and  dried  slow-  gredients.  It  is  not  easy  to  unite  these  two 
ly  in  the  shade.  This  green  u  almost  always  metals  in  considerable  proportions  by  fusion, 
adulterated  with  ceruse.  because  the  rino  is  burnt  or  volatilized  at  a 

This  metal  combines  very  readily  with  gold,  heat  inferior  to  that  which  is  required  to  melt 
silver,  and  mercury.  It  unites  imperfectly  copper;  but  they  unite  very  well  in  thcway 
with  iron  in  the  way  of  fusion.  Tin  com-  of  cementation.  In  the  brass  works,  copper 
bines  with  copper,  at  a  temperature  much  is  granulated  by  pouring  it  through  a  plate 
lower  tlian  is  necessary  to  fuse  the  copper  of  iron,  perforated  with  small  holes  and  luted 
alone.  On  this  is  grounded-  the  method  of  with  clay,  into  a  quantity  of  water  about  four 
tinning  cppper  vessels.  For  tliis  purpose,  feet  deep,  and  continually  renewed.  To  pre- 
they  aro  first  scraped  or  scoured ;  after  which  vent  the  dangerous  explosions  of  thu  metal, 
they  ara  rubbed  with  sal  ammoniac  They  it  is  necessary  to  pour  but  a  small  quantity 
are  then  heated*  and  sprinkled  with  powdered  at  a  time.  There  are  various  methods  of 
resin,  which  defends  the  clean  surface  of  the  combining  this  granulated  copper,  or  other 
copper  from  acquiring  the  slight  film  of  oxide  small  pieces  of  copper,  with  the  vapour  of 
that  would  prevent  the  adhesion  of  the  tin  to  zinc.  Calamine,  which  is  an  ore  of  zinc,  b 
its  surface.  The  melted  tin  is  then  poured  pounded,  calcined,  and  mixed  with  the  di^ 
in,  and  spread  about.  An  extremely  small  vided  copper,  together  with  a  portion  of  char- 
quantity  adheres  to  the  copper,  which  may  coal.  These  being  exposed  to  the  heat  of  a 
perhaps  be  supposed  insufficient  to  prevent  wind  furnace,  the  zinc  becomes  revived,  rises 
the  noxious  effects  of  the  copper  as  perfectly  in  vapour,  and  combines  with  the  copper, 
as  might  be  wished.  which  it  converts  into  brass.    The  heat  must 

When  tin  is  melted  with  copper,  it  com-  be  continued  for  a  greater  or  less  number  of 
poses  the  compound  called  bronze.  In  this  hours,  according  to  the  thickness  of  the  pieces 
metal  the  specific  gravity  is  always  greater  of  copper,  and  other  drcumstances ;  and  at 
than  would  be  deduced  by  computation  from  the  end  of  the  process,  the  heat  being  sud- 
the  quantities  and  specific  gravities  of  its  com-  dcniy  raised,  causes  the  brass  to  melt,  and 
ponent  parts.  The  uses  of  this  hard,  sono^  occupy  the  lower  part  of  the  crucible.  The 
rous,  and  durable  composition,  in  the  fabri-  most  scientific  method  of  making  brass  seems 
cation  of  cannon,  bells,  statues,  and  other  to  be  that  mentioned  by  Cramer.  The  pow- 
artides,  are  well  known.  Bronzes  and  bell-  dered  calamine,  being  mixed  with  an  equal 
metals  are  not  usually  made  of  copper  and  quantity  of  charcoal  and  a  portion  of  clay,  is 
tin  only,  but  have  other  admixtures,  consistf  to  be  rammed  into  a  melting  vessel,  and  a 
ing  of  lead,  zinc,  or  arsenic,  according  to  the  quantity  of  copper,  amounting  to  two-thirds 
motives  of  profit,  or  other  inducements  of  of  the  weight  of  calamine,  must  be  placed  on 
the  artist.  But  the  attention  of  the  philoso-  the  top,  and  covered  with  charcoal.  By  this 
pher  is  more  particularly  directed  to  the  mix-  management  the  volatile  zinc  ascends,  and 
ture  of  copper  and  tin,  on  account  of  its  converts  the  copper  into  brass,  which  flows 
being  the  substance  of  which  the  speculums  into  the  rammed  clay ;  consequently,  if  the 
of  faceting  telescopes  are  made.  (See  Spe-  calamine  contain  lead,  or  any  other  metal,  it 
CULVM.)     The  ancients  made  cutting  tnstru- 
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will  not  flnler  into  bnm,  the  lEnc  abme  boing 
niaed  by  the  heat. 

A  fine  kind  of  brass,  which  !s  supposed  to 
be  made  by  cementetion  of  copper  plates  with 
calamine,  is  hammered  out  into  leaves  in  Ger- 
many ;  and  is  sold  yer^  cheap  in  this  country, 
und^  the  name  of  Dutch  gold  or  Dutch 
metaL  It  is  about  five  times  as  thick  as  gold 
kaf ;  that  is  to  say,  it  is  about  one>sixty- 
thousandth  of  an  inch  thick. 

Copper  unites  readily  with  antimony,  and 
afibrds  a  compound  of  a  beautiful  violet  co- 
lour. It  does  not  readily  unite  with  mang»- 
nesew  With  tungsten  it  forms  a  dark  brown 
spongy  alloy,  which  is  somewluit  ductile^ 
See  Ores  of  Covpeb. 

Verdigris,  and  other  preparations  of  cop- 
per, act  as  virulent  poisons,  when  introduced 
in  very  small  quantities  into  the  stomachs  of 
animals:  A  few  grains  are  sufficient  for  this 
effect.  Death  is  commonly  preceded  by  very 
decided  nervous  disorders,  such  as  convulsive 
movements,  tetanus,  general  insensibility,  or 
a  palsy  of  the  lower  extremities.  This  event 
happens  frequently  so  soon,  that  it  could  not 
be  occasioned  by  inflammation  or  erosion  of 
the  priwuB  via ;  and,  indeed,  where  these  parts 
are  apparently  sound,  it  is  probable  that  the 
poison  is  abscnbed,  and,  through  the  dreu- 
lation,  acts  on  the  brain  and  nerves.  The 
cupreous  preparations  are  no  doubt  very  ac- 
rid, and  if  death  do  not  follow  their  imme- 
diate impression  on  the  sentient  system,  they 
will  certainly  inflame  the  intestinal  canal. 
The  symptoms  produced  by  a  dai^rous  d<»se 
of  copper  are  exactly  similar  to  those  which 
are  enumerated  under  arsenic,  only  the  taste 
of  copper  is  strongly  felt.  The  only  chemi- 
cal antidote  to  cupreous  solutions,  whose 
operation  is  well  understood,  is  water  strong- 
ly impregnated  with  sulphuretted  hydrogen. 
The  alk^ine  hydrosulphurets  are  acrid,  and 
ought  not  to  be  prescribed. 

But  we  possess,  in  sugar,  an  antidote  to 
this  poison,  of  undoubted  efficacy,  though  its 
mode  of  action  be  cbscare,  M.  Duval  in- 
troduced into  the  stomach  of  a  dog,  by  means 
of  a  caoutchouc  tube,  a  solution  in  acetic 
add,  of  four  French  drachms  of  oxide  of 
copper.  Some  minutes  afterwards,  he  in- 
jected into  it  four  ounces  of  strong  syrup. 
He  repeated  this  injection  every  half-hour, 
and  employed  altogether  12  ounces  of  syrup. 
The  animal  experienced  some  tremblings  and 
convulsive  movements.  But  the  last  injec- 
tion was  followed  by  a  perfect  calm,  llie 
animal  lell  asleep,  and  awakened  free  from 
any  ailment. 

Orfila  relates  several  cases  of  individuals, 
who  had  by  aoddent  or  intendon  swallowed 
poisonous  doses  of  acetate  of  copper,  and  who 
recovered  by  getting  large  doses  of  sugar. 
He  uniformly  found,  that  a  dose  of  verdi- 
gris, which  would  kill  a  dog  in  the  course  of 
an  hour  or  two,  might  be  swallowed  with 


unpunity,  provided  it  waa  mixed  with  a  con- 
siderable quantity  of  sugar. 

If  we  boil  for  half  an  hour,  in  a  flask,  an 
ounce  of  white  sugar,  an  ounce  of  water,  and 
10  grains  of  verdigris,  we  obtain  a  green 
liquid,  which  is  not  adSected  by  the  nicest 
tests  of  copper,  such  as  ferroprussiate  of  pot- 
ash, ammonia,  and  the  hydrosulphurets.  An 
insoluble  green  carbonate  of  copper  remains 
at  the  bottom  of  the  flask.  Vogel  states, 
that  sugar  boiled  with  sulphate  of  copper 
predpitates  metallic  copper ;  and  mth  ace- 
tate, protoxide. 

COFFERA&     Sulphate  of  iron. 

CORALS  seem  to  consist  of  carbonate 
of  lime  and  animal  matter,  in  equal  propor- 
tions. 

CORK  is  the  bark  of  a  tree  of  the  oak 
kind,  very  common  in  Spain  and  the  other 
southern  parts  of  Europe. 

By  the  action  of  the  nitric  add  it  was 
found  to  be  addified.     See  Acid  (Suberic). 

Cork  has  been  recently  analysed  by  Chev- 
reul,  by  digestion,  first  in  water  and  then  in 
alcohol.  By  distillation  there  came  over  an 
aromatic  principle,  and  a  little  acetic  add. 
Hie  watery  extract  containiid  a  yellow  and  a 
red  colouring  matter,  an  undetermined  acid, 
gallic  add,  an  astringent  substance,  a  sub- 
stance containing  axote,  a  substance  soluble 
in  water  and  insoluble  in  alcohol,  gallate  of 
iron,  lime,  and  traces  of  magnesia.  HiO  parts 
of  cork  treated  in  this  way  left  17.15  of 
insoluble  matter.  The  undissolved  residue 
bdng  treated  a  suffident  number  of  times 
with  alcohol,  yielded  a  variety  of  bodies,  but 
which  seem  redudble  to  three ;  namely,  cert'n, 
resin,  and  an  oil  The  ligneous  portion  of 
the  cork  still  wdgbed  14  parts,  which  are 
called  nUter, 

CORK  (FOSSIL).     See  Asbkstos. 

CORROSIVE  SUBLIMATE.  See 
Mercury. 

CORUNDUM.  According  to  Professor 
Jameson,  this  mineral  genus  contains  3  spe- 
cies, vis.  octahedral  corundum,  rhombaidal 
corundum,  and  pritnuUic  corundum. 

1.  OctohedraS  is  subdivided  into  3  sub- 
species, viz.  automalite,  ceylanite,  and  spineL 

3.  Rhomboidal  corundum  contains  4>  sub- 
species, vis.  salamstone,  sapphire,  emery,  and 
corundum,  or  adamantine  spar. 

3.  Pritmaiic,  or  chrysoberyl.  See  the  se- 
veral sub-spedes,  under  their  titles  in  the 
Dictionary. 

CORYDALIA.  The  name  of  a  new 
vegeto-alkali,  which  M.  Wackenroder  says  is 
contained  in  the  root  of  thejfVmartd  cava  and 
corydalis  tuberoM  of  DecandoUe.  It  forms 
very  bitter  salts  with  acids ;  but  is  itself  in- 
sipid and  inodorous.  It  crystallizes  in 
prisms  a  line  in  length.  Nitric  add,  heated 
on  corydalia,  produces  a  blood-red  colour. 

COTTON.  This  vegetable  fibre  is  so- 
luble  in  strong  alkaline  leys.    It  has  a  strong 
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•ffialCylbr  soBW  saftha,  particiilBriy  alumfaia^ 
Beveral  metallic  oxides,  and  tanniiu  Nitric 
acidv  aided  by  heat,  oonnwts  cotton  into 
•xalfc  acid. 

My  analynis  gives  for  the  ultimate  consti- 
tuents of  cotton,  carbon  42.11,  hydrogen 
5^06,  oxygen  52.83 ;  or  nearly 

Caibon,       1 1  atoms        a25        42.85 
Hydrogen,    8        -  1.00  5.30 

Oxygen,      10        -       10.00        51.85 

19.26       100.00 

2000  grains  of  clean  cotton  wool,  in  the  soft 

fleece  formed  by  the  cylinder  cards,  being 

carefully  burned  in  a  silver  basin,  yielded,  on 

an  average  of  6  trials,  Idgrains  of  light  grey 

ashes,  which  is  a  trifle  under  I  per  cent. 

One  hundred  parts  of  the  ashes  of  cotton 

seem,  by  my  researches,  to  be  composed  of 

I.  Soluble  matter. 

Carbonate  of  potash,       -        44.8 

Muriate  of  potash,         -  9.9 

Sulphate  of  potash,         -  9L3 

2.  Insoluble  matter. 
Phosphate  of  lime^  -  9.0 

Carbonate  of  lime^         -  1(X6 

Phosphate  of  magnesia,      -      8.4 
Peroxide  of  iron,  -  3.0 

Alumina  (a  trace). 
Loss,  .  .  5.0 

Jvum.  of  Seienetj  xxL  28.  100.0 

COUCH.  The  heap  of  moist  barley 
about  16  inches  deep  on  the  malt-floor. 

COUMARINE.  The  fragrant  voktile 
principle  of  the  Tonka  bean  (Diptera  otUh- 
rata,  Wilden.),  dissolved  out  by  ether,  and 
purified  by  alcohol.  It  is  a  fixed  oily  mat- 
ter, which  crystallizes  on  cooling  in  four- 
sided  small  prisms.  It  has  a  pungent  warm 
tasteb 

COUZERANITR  This  mineral  oc- 
curs in  rectangular  prisms.  Colour  from 
greyi8h4)lack  to  indigo-blue.  Opaque,  but 
in  their  portions  transparent  and  brilUant. 
Scratched  by  apatite.  Not  affected  by  the 
blowpipe.  It  is  found  in  limestone,  in  the 
•teep  defiles  of  Saleix,  called  ^  des  Couze- 


CREAM.  The  oily  part  of  milk,,  which 
to  the  surface  of  that  liquid,  mixed  with 
a  little  curd  and  jrrtcm.  When  churned, 
butter  ia  obtained.  Heat  lepaiates  the  oily 
part,  but  icjurcs  its  Asvour. 

CREAM  OF  TARTAR.  See  Acid 
(Tartakic). 

CRICHTONITE.  Thieminenl  occurs 
in  vesy  smaU  crystals,  in  tlte  form  of  acute 
ihoaboids.  It  is  perfectly  black,  opaque^ 
and  of  a  shining  lustre;  cross  fracture, 
conchoidal,  and  very  shining.  It  scratches 
fluate  of  Ume,  but  is  not  very  hard.  It 
occurs  accompanying  ■nstsar,  and  on  rock 
crystal^  in  Dauphiny^ 

CROCUS  (SAFFRON).      Hie  yellow 


or  wlBun  coiuuied  osidn  of  iron  and  oep* 
per  were  formerly  called  crocus  martis  and 
crocus  veneris.  That  of  iron  is  still  called 
crocus  simply,  by  the  workers  in  metal  who 
use  it. 

CROCUS  METALLORUM.  See  Ais- 

TmONY. 

CROSS-STONE.  Hsnnotome,  or  pyw 
raaidal  seolite.  Its  colour  is  gieyisb-wldta^ 
passing  into  smoke-grey,  sometimes  masrive, 
but  usually  crystallized.  Primitive  farm,  a 
double  four-sided  pyramid,  of  121<>  58^  and 
86^  36'.  lu  principal  secondary  fbtma  arc, 
a  broad  rectangular  four-eided  prism,  ratlHr 
acutely  acuminated  on  the  extremities  vritb  4 
planes,  which  are  set  on  the  lateral  edges ; 
the  preceding  figure,  in  which  the  edges 
formed  by  die  meeting  of  the  acuminating 
planes,  that  rest  on  the  broader  lateral 
planes,  ara  truncated ;  twin  crystals  of  tbe 
first  form,  intersecting  each  other  in  such  a 
manner  that  a  common  axis  and  acumination 
is  formed,  and  the  broader  lateral  planes  make 
four  re-entering  angles.  The  crystals  are  not 
large.  The  surface  of  the  smaller  lateral 
planes  is  double  plumosely  streaked.  Lustra 
gKstening,  between  vitreouaand  peariy.  Of 
the  cleavage,  2  folia  are  oblique^  and  1  p». 
ndlel  to  the  axis.  Frsctura  pcrfiect  coBchoi* 
dal.  Translucent^  and  semitransparent. 
Harder  than  fluor-spar,  but  not  so  hard  as 
apatite.  Easily  Jraogibls.  Sp.  gr.  2.3& 
It  fuaes,  with  intumescence  and  phosphore>» 
cence^  into  a  colourless  glass.  Its  oonstitci> 
eots  are,  49  silica,  16  alumina,  18  baryta, 
and  15  water,  by  Klaproth.  It  has  btthcrto 
been  found  only  in  mineral  veins  and  agate 
balls.  It  occurs  at  Andreasbuig,  in  the 
Harts  ;  aft  Km^sbei^,  in  Norway ;  at  Ober- 
stein;  Strontiao,  in  Aigyllshira;  and  also 
near  Old  Kilpatrick,  in  Scotland.-— Janwsan. 
CRASSAMENTUM  Oft  CRUOR.  Hie 
did  or  coagulated  part  of  blood. 

CROTON  ELEUTHERIA.  Caaca- 
rilla  bark.  The  following  is  TVoramsdofrs 
analysis  of  this  substance^  characterised  by 
its  emitting  tbe  smell  of  musk  when  burned: 
Mucilage  and  bitter  principle  864  parts, 
resin  668,  volatile  matter  1%  water  48^ 
woody  fibres  3024,  in  4696  porta. 
CRUCIBLE&  See  LAicmATOBY. 
CRUSTS,  the  bony  coverings  of  crdba, 
lobsters,  &c  Mr  Hatchett  found  tbem  to 
be  composed  of  a  cartilaginous  substance^ 
like  coagulated  albumen,  carbonate  of  limeb 
and  phosphate  of  lime.  The  great  excess  of 
the  second  above  the  third  ingredient,  di»* 
tinguishes  them  from  bones ;  while  the  quaiw 
tity  of  tbe  third  distinguishes  them  foom 
shells.  Egg-shells  and  snaiUsiwlb  belong  la 
crusts  in  compoution ;  but  the  animal  mat* 
ter  is  in  smaller  quantby.  By  MeraUGuiU 
lot,  100  parts,  of  lobster  crvat  coaaist  of  60 
carbonate  of  lime^  14  phosphate  of  lime,  and 
Sd  cartilaginous  matter.     100  of  hen*a  egg. 
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alMlb  eoonst  of  8ft6  cartMyiMls  of  iktm,  5.7 
phosphate  of  lime^  4iw7  aoinnl  matter. 

CRYOLITE.  A  mineral  which  ocran. 
eaunatcd*  and  in  thick  lamellar 
Ita  colours  are  white  aad  yel- 
loewiab-brown.  Lustre  vitreoosy  incliaiag  to- 
pearly.  Cleavage  fourfold,  in  which  the 
fbiia  are  parallel  with  an  equiaagolar  four- 
aided  pyramid.  Fracture  uneven^  Translw- 
cent.  Harder  than  gypsum.  Easily  frang- 
ible. Sp.  gr.  2.95.  It  becomes  more  trans- 
lucent in  water.  It  melts  in  the  heat  of  a 
candle.  Before  the  blowpipe,  it  becomes 
first  very  bquid,  and  then  anumes  a  slaggy 
appearance.  It  consists,  by  Klaproth,  of  iA 
idumina,  36  soda,  and  40  fluoric  acid  and 
It  is  therefore  a  soda^fluate  of  alu- 
If  we  regard  it  as  composed  of  de» 
finite  proportions,  we  may  have 

1  prime  alumina,  3.2       26.33 

1  do.     soda,        3.95     32.51 

2  do.     add^        2.75     22.63)  .|  ,^ 
2    d&     water,      2.25     ia53j**'^'* 

11^.15  100.00 
Vaoipiefin's  analysis  of  the  same  mineral 
gives  47  acid  and  water,  32  soda,  and  21 
alumina.  This  curious  and  rare  mineral 
haa  hitherto  been  found  only  in  West  Green- 
land, at  the  arm  of  the  sea  named  Arksnt, 
30  leagues  from  the  colony  of  Juliana  Hope. 
It  occurs  in  gneiss.  Mr  Allan  of  Edin- 
burgh had  the  merit  of  recognizing  a  large 
quantity  of  this  mineral,  in  a  neglected  heap 
brought  into  Leith  from  a  captured  Da- 
nish vesseL  It  bad  been  coUecteid  in  Green- 
land by  that  indefatigable  mineralogist  M. 
Gieseke. 

CRYOPHORUa  The  frost-bearer  or 
carrier  of  cold ;  an  elegant  instrument  invent* 
ed  by  Dr  WoUaston,  to  demonstrate  the  re-, 
lation  lietween  evaporation  at  low  tempera-, 
tures,  and  the  production  of  cold.  If  32 
gcains  of  water,  says  this  profound  philoso- 
pher, were  taken  at  the  temperature  of  62% 
and  if  one  grain  of  this  were  converted  inta 
vapour  by  absoxbing  960^>  then  the  whole 

quantity  would  lose  -^-  ==  30^,  and  thus  be 

reduced  to  the  temperature  of  32^.  If  from 
the  31  grains  which  still  remain  in  the  state 
of  water,  four  grains  more  were  converted 
into  vapour  by  absorbing  960^,  then  the  re- 
maining 27  grains  must  have  lost  -fi^  of  960^ 
aae  142^,  which  is  rather  more  than  suffident 
to  convert  tkie  whole  into  ice.  In  an  expe- 
riment conducted  upon  a  small  scale,  the 
proportional  quantity  eviqporated  did  not 
diflfer  much  from  this  estimate. 

If  it  be  also  true  that  water»  in  mftiHTiing 
the  gaaeous  state,  even  at  a  low  temperature^ 
expands  to  1800  times  its  former  bulk,  then 
in  attempting  to  tteeze  the  small  quantity  of 
water  above  mentioned,  it  would  be  requisite 
to  have  a  dry  vacuum  with  the  capacity  of 


5  X  IdOa  s  9000  gndtts  of  wafl».  But 
let  a  glass  tube  ba  taken,  having  its  internal 
diameter  about  f  of  an  inch,  vrith  a  baU  at 
eadk  extremity  of  about  one  inch  diameter> 
and  let  the  tube  be  bent  to  a  rigbt  angle  at 
the  distance  of  half,  an  inch  from  each  ball. 
One  of  these  balk  should  be  somewfaai  lesa 
than  half  full  of  water,  and  the  remauun^ 
cavity  should  be  as  perfect  a  vacnuaa  as  on 
readily  be  obtained:  which  is  effected  by 
making  the  water  boil  briskly  in  the  one  bal^ 
before  sealing  up  the  capillary  opening  left 
in  the  other.  If  the  empty  ball  be  immersed 
in  a  freezing  mixture  of  snow  and  salt,  the 
water  in  the  other  ball,  though  at  the  distaaee 
of  two  or  three  feet,  will  be  finoxen  solid  in 
the  course  of  a  very  few  minutes.  The  vib- 
pour  contained  in  the  empty  ball  is  conden*. 
ed  by  the  common  operation  of  cold,  and 
the  vacuum  produced  by  this  condensation 
gives  opportunity  for  a  fresh  quantity  to  aris» 
firom  the  opposite  ball,  with  proportional  re* 
duction  of  its  temperature. 

CRYSTAL.  When  fluid  substances  am 
sufiSered  to  pass  with  adequate  slowness  to 
th&  solid  state,  the  attractive  forces  frequently 
arrange  their  ultimate  particles  so  as  to  farm 
regular  polyhedral  figiires  or  geometrical  so> 
]Sds»  to  which  the  name  of  crystals  has  been 
given.  Most  of  the  solids  whicfa  compose 
tlie  mineral  crust  of  the  earth  are  found  in 
the  crystallized  state.  Tbus  granite  consists 
of  crystals  of  quartz,  felspar,  and  mica* 
Even  mountain  masses  like  day^late  have  a 
regular  tabulated  fonn.  Perfect  mobility 
among  the  corpuscles  is  essential  to  crystalli. 
safcion.  The  chemist  produces  it  eitber  by 
igneous  fusion,  or  by  solution  in  a  liquids 
When  the  temperature  is  slowly  lowered  in 
die  former  case,  or  the  liquid  slowly  abstract* 
ed  by  evaporaliott  in  the  latter,  the  attractive 
fiwces  resume  the  ascendency,  and  arrange 
the  particles  in  synuDoetrical  formsw  Mer^ 
iqpproximation  of  the  particles^  however,  ia 
not  alone  sufficient  for  crystallisation.  A 
hot  saturated  saline  solution*  when  screened 
from  all  agitatioD,  will  contract  by  cooUng 
into  a  volume  much  smaller  that  what  it  oc« 
cuplei  in  the  solid  state,  without  crystallic- 
ing.  Hence  the  molecules  must  not  only  be 
brought  within  a  certain  Uoait  of  each  other, 
foe  their  concreting  into^  crystals,,  but  tliey 
must  also  change  the  direction  of  their  poles 
from  the  fluid  coUocaljon  to  their  position  in 
the  solid  state. 

This  reversion  of  the  poles  may  be  effected, 
Is^  By  contact  of  any  part  of  the  fluid  with 
a  point  of  a  solid,  of  similar  composition, 
previously  formed.  24  Vibratory  motions, 
communicated  either  firom  the  ^tmo^here 
or  any  other  moving.  body>  by  deranging 
however  slightly,  the  fluid  polar  direction, 
vlU  instantly  determine  the  solid  polar  ar- 
rangement, when  the  batace  had  been  ren» 
defed  yearly  even  by  preyiouA  r^9QVfl  of  the 
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interstitial  fluid.  On  thii  principle  we  ex- 
plain the  regular  figures  which  particles  of 
dust  or  iron  assume,  when  they  are  placed 
on  a  Tibrating  plane,  in  the  neighbourhood 
of  electrized  or  magnetized  bodies.  3d,  Ne- 
gative or  resinous  voltaic  electricity  instantly 
determines  the  crystalline  arrangement,  while 
positive  voltaic  electricity  counteracts  it.  On 
this  subject  I  beg  to  refer  the  reader  to  an 
experimental  paper,  which  I  published  in 
tlie  fourth  volume  of  the  Journal  of  Science^ 
p.  106.  Light  also  favours  crystallization, 
as  is  exemplified  with  camphor  dissolved 
in  spirits,  which  crystallizes  in  bright,  and 
redissolves  in  gloomy  weather. 

It  might  be  imagined,  that  the  same  body 
would  always  concrete  in  the  same,  or  at 
least  in  a  similar  crystalline  form.  This  po- 
sition is  true,  in  general,  for  the  salts  crys- 
tallized in  the  laboratory ;  and  on  this  uni- 
formity of  figure^  one  of  the  principal  criteria 
between  different  salts  depends.  But  even 
these  forms  are  liable  to  many  modifications, 
from  causes  apparently  slight ;  and,  in  na- 
ture, we  find  frequently  the  same  chemical 
substance  crystallized  in  forma  apparently 
very  dissimilar.  Thus,  carbonate  of  lime 
assumes  the  form  of  a  rhomboid,  of  a  regu.. 
ha  hexahedral  prism,  of  a  solid  terminated 
by  18  scalene  angles,  or  of  a  dodecahedron 
with  pentagonal  faces,  &c.  Bisulphuret  of 
iron  or  martial  pyrites  produces  sometimes 
cubes  and  sometimes  regular  octohedrons; 
at  one  time  dodecahedrons  with  pentagonal 
faces,  at  anotlier  icosahedrons  with  triangu- 
lar faces.  Sec 

While  one  and  the  same  substance  lends 
itself  to  so  many  transformations,  we  meet 
vrith  very  different  substances,  which  present 
absolutely  the  same  form.  Thus  fluate  of 
lime,  muriate  of  soda,  sulphuret  of  iron,  suU 
phuret  of  lead,  &c.  crystallize  in  cubes,  un- 
der certain  circumstances;  and  in  other 
cases,  the  same  minerals,  as  well  as  sulphate 
of  alumina  and  the  diamond,  assume  the 
form  of  a  regular  octohedron. 

Rom6  de  I'lsle  first  referred  the  study  of 
crystallization  to  principles  confcmnable  to 
observation.  He  arranged  together,  as  far 
as  possible,  crystals  of  the  same  nature. 
Among  the  different  forms  relative  to  each 
species,  he  chose  one  as  the  most  proper, 
from  its  simplicity,  to  be  regarded  as  the 
primitive  form ;  and  by  supposing  it  trun- 
cated in  different  ways,  he  deduced  the  other 
forms  from  it,  and  determined  a  gradation,  a 
series  of  transitions  between  this  same  fcnin 
and  that  of  polyhedrons,  which  seemed  to  be 
still  farther  removed  from  it.  To  the  de- 
scriptions and  figures  which  he  gave  of  the 
crystalline  forms,  he  added  the  results  of  the 
mechanical  measurement  of  their  principal 
angles,  and  showed  that  these  angles  were 
constant  in  each  variety. 
-   The  illustrious  Bergmann,  by  endeavour- 


ing to  penetrate  to  the  mechanism  of  the 
structure  of  crystals,  considered  the  different 
forms  relative  to  one  and  the  same  substance 
as  produced  by  a  superposition  of  planes, 
sometimes  constant  and  sometimes  variable^ 
and  decreasing  around  one  and  the  same 
primitive  form.  He  applied  this  primary 
idea  to  a  small  number  of  crystalline  forms, 
and  verified  it,  with  respect  to  a  variety  of 
calcareous  spar,*  by  fractures,  which  enabled 
him  to  ascertain  the  position  of  the  nucleus, 
or  of  the  primitive  form,  and  tlic  successive 
order  of  the  laminae  covering  this  nucleus. 
Bergmann,  however,  stopped  here,  and  did 
not  trouble  himself  either  with  det^mining 
the  laws  of  structure,  or  applying  calculation 
to  it.  It  was  a  simple  sketch  of  the  most 
prominent  point  of  view  in  mineralogy,  but 
in  which  we  see  the  hand  of  the  same  master 
who  so  successfully  filled  up  the  outlines  of 
chemistry. 

In  the  researches  which  M.  Haiiy  under- 
took, about  the  same  period,  on  the  structure 
of  crystals,  he  proposed  combining  the  form 
and  dimensions  of  integrant  molecules  with 
simple  and  r^[ular  laws  of  arrangement,  and 
submitting  these  laws  to  calculation.  Hiis 
work  produced  a  mathematical  theory,  which 
be  reduced  to  analytical  formulae,  represent- 
ing every  possible  case,  and  the  application 
of  which  to  known  forms^  leads  to  valua- 
tions of  angles  constantly  agreeing  with  ob- 
servation. 

Theory  of  the  Structure  of  Crystals. 

Primitive  Jbrms,^^TiM  idea  of  referring  to 
one  of  the  same  prinutiye  forms,  all  the  forma 
which  may  be  assumed  by  a  mino^  substance, 
of  which  the  rest  may  be  regarded  as  being 
modifications  only,  has  frequently  suggested 
itself  to  various  philosophers  who  have  made 
crystallography  their  study. 

Hie  mechanical  division  of  minerals,  which 
is  the  only  method  of  ascertaining  their  true 
primitive  form,  proves  that  this  form  is  inv»* 
riable  while  we  operate  upon  the  same  sub- 
stance, however  diversified  or  dissimilar  the 
forms  of  the  crystals  belonging  to  tliis  sub- 
stance may  be.  Two  or  three  examples 
will  serve  to  place  this  truth  in  iu  proper 
light 

Take  a  regular  hexahedral  prism  of  carbo- 
nate of  lime  (PL  viii.  figs.  1.  and  2).  If  we 
try  to  divide  it  parallel  to  the  edges,  from  the 
contours  of  the  bases,  we  shall  find,  that  three 
of  these  edges  taken  alternately  in  the  upper 
part,  for  instance  the  edges  if,  ct^bm,  may 
be  referred  to  this  division  :  and  in  order  to 
succeed  in  tlie  same  way  with  respect  to  the 
inferior  base,  we  must  choose,  not  the  edges 
f  y,  cf  <^,  V  m',  which  correspond  with  the 


a  TtaU  \s  what  has  been  called  detU  de  coehma,  but 
which  M.  Haiiy  calls  mettutatic. 
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preceding,  but  the  intennediate  edges  d^f% 
y  d,V  m'. 

The  six  sections  will  uncover  an  equal 
number  of  trapeziums.  Three  of  the  latter 
are  represented  upon  fig.  8.  vis.  the  two 
which  intercept  the  edges,  I  fy  c  d^  and  are 
designated  by  ;>  ;i  o  o,  a  a  A  it,  and  that  which 
intercepts  the  lower  edge  ^  f*y  and  which  is 
marked  by  the  letters  nni u 

Each  of  these  trapeziums  will  hare  a  lustre 
and  polish,  from  which  we  may  easily  ascer- 
tun  that  it  coincides  with  one  of  the  natural 
joints  of  which  the  prism  is  the  assemblage. 
We  shall  attempt  in  vain  to  diride  the  prism 
in  any  other  direction.  But  if  we  condnue 
the  division  parallel  to  the  first  sections,  it 
will  happen,  that  on  one  hand  the  surfaces  of 
the  bases  will  always  become  narrower,  while^ 
on  the  other  hand,  the  altitudes  of  the  lateral 
planes  will  decrease ;  and  at  the  term  at  which 
the  bases  have  disappeared,  the  prism  will  be 
changed  into  a  dodecahedron  (fig.  3.)  with 
pentagonal  iaces,  six  of  which,  such  as  o  o  t 

0  e,  o  I  k  ih  &c  will  be  the  residues  of  the 
planes  of  the  prism ;  and  the  six  others  £  A 

1  0  o,  O  A'  K  i  I,  &C.  will  be  the  immediate 
result  of  the  mechanical  division. 

Beyond  this  same  term,  the  extreme  faces 
will  preserve  their  figure  and  dimensions, 
while  the  lateral  faces  will  incessantly  dimi- 
nish in  height,  until  the  points  o  k,  of  the 
pentagon  o  I  kii,  coming  to  be  confounded 
with  the  points  i  t,  and  so  on  with  the  other 
points  similarly  situated,  each  pentagon  will 
be  reduced  to  a  simple  triangle,  as  we  see  in 
fig.  4.* 

Lastly,  frben  new  sections  have  obliterated 
these  triangles,  so  that  no  vestige  of  the  sur- 
face of  the  prism  remains  (fig.  1.),  we  shall 
have  the  nucleus  or  the  primitive  form,  which 
will  be  an  obtuse  riiomboid  (fig.  5. ),  the  grand 
angle  of  which  £  A  I  or  £  O  I,  is  lOl*'  a» 

13".t 

If  we  try  to  divide  a  crystal  of  another 
iqsecies,  we  shall  have  a  different  nucleus. 
For  instance,  a  cube  of  fluate  of  lime  will 
give  a  regular  octohedron,  which  we  succeed 
in  extracting  by  dividing  the  cube  upon  its 
eight  solid  angles,  which  will  in  the  first  place 
discover  eight  equilateral  triangles ;  and  we 
may  pursue  the  division,  always  parallel  to 
the  first  sections,  until  nothing  more  remains 
of  the  faces  of  the  cube.  The  nucleus  of  the 
crystals  of  sulphate  of  baryta  will  be  a  stiaigbt 


•  llie  points  which  «re  conlbunded,  two  and  two, 
upon  this  figure,  ue  each  marked  with  the  two  let- 
ten  which  served  to  designate  them  when  tbejr  were 
separated,  as  in  flg.  S. 

f  It  Is  observed,  t hat  each  trapexlum, such  mppoo 
(fie.  8.),  uncovered  by  the  first  sections,  is  very  sen- 
sibly inciined  from  the  same  auai»tity,  as  well  upon 
the  residue  p  p  d  e  b  m  ot  the  base,  as  upon  the 
reddue  o  o/u'  ot  the  adjacent  plane.  Setung  out 
from  this  equality  of  inoUnations,  we  deduce  flrom  it, 
by  calculation,  the  value  of  the  ao^es  witli  the  pre- 
dirion  of  minutes  and  seconds,  which  mechanical  mea. 
surements  are  sot  capable  of  attaioiag. 


prism  with  rfaombous  bases ;  that  of  the  crys- 
tals of  phosphate  of  lime^  a  regular  hexahe- 
dral  prism ;  that  of  sulphuretted  lead,  a  cube^ 
&c  ;  and  each  of  these  forms  will  be  constant, 
relative  to  the  entire  species,  in  such  a  man* 
ner  that  its  angles  will  not  undergo  any  up* 
preciable  variation. 

Having  adopted  the  word  primilive  farm 
in  order  to  designate  the  nucleus  of  crystals, 
M.  Hatiy  csMs  tecondary  firmsy  such  varieties 
as  differ  from  the  primitive  form. 

In  certain  species,  crystallization  also  pro- 
duces  this  last  form  immediately. 

We  may  define  the  primitive  form,  a  solid 
of  a  constant  form,  engaged  symmetrically 
in  all  the  crystals  of  one  and  the  same 
species,  and  the  faces  of  which  follow  the 
directions  of  the  laminae  which  form  these 
crystals. 

The  primitive  forms  hitherto  observed  are 
reduced  to  six,  viz.  the  parallelopipedon,  the 
octohedron,  the  tetrahedron,  the  regular  hex- 
ahedral  prism,  the  dodecahedron  with  rhom- 
bous  planes  all  equal  and  similar,  and  the  do- 
decahedron with  triangular  planes,  composed 
of  two  straight  ]^ramids  joined  base  to  base. 

Forms  of  integrant  Molecutes.'-^The  nu- 
cleus of  a  crystal  is  not  the  last  term  of  its 
mechanical  division.  It  noay  always  be  sub- 
divided parallel  to  its  different  faces,  and 
sometimes  in  other  directions  also.  Tlie  whole 
of  the  surrounding  substance  is  capable  of 
being  divided  by  strokes  parallel  to  those 
whidi  take  i^ace  with  respect  to  the  primitive 
form. 

If  the  nucleus  be  a  parallelopipedon,  which 
cannot  be  subdivided  except  by  blows  paral- 
lel to  its  faces,  like  that  which  takes  place 
with  respect  to  carbonated  lime,  it  is  evident 
that  the  integrant  molecule  will  be  similar  to 
this  nucleus  itselft 

But  it  may  happen  that  the  parallelopipe- 
don admits  of  further  sections  in  other  direo- 
tions  than  the  former. 

We  may  reduce  the  forms  of  the  integrant 
molecules  of  all  crystals  to  three,  which  are^ 
the  tetrahedron,  or  the  simplest  of  the  pyra- 
mids ;  the  triangular  prism,  or  the  simplest 
of  all  the  prisms;  and  the  parallelopipedon, 
or  the  simplest  among  the  solids»  which  have 
their  faces  parallel  two  and  two.  And  since 
four  planes  at  least  are  necessary  for  circum- 
cribing  a  space,  it  is  evident  that  the  three 
forms  in  question,  in  which  the  number  of 
faces  is  successively  four,  five,  and  six,  have 
still,  in  this  req;>ect,  the  greatest  possible 
simplicity. 

Laws  to  which  the  Structure  is  suhfected.'^ 
After  having  determined  the  primitive  forms, 
and  those  of  the  integrant  molecules,  it  re- 
mains to  inquire  into  the  laws  pursued  by 
these  molecules  in  their  arrangement,  in  or- 
der to  produce  those  regular  kinds  of  enve- 
lopes, which  disguise  one  and  the  same  pri- 
mitive form  in  so  many  diflferent  waya. 
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Mow,  obtetration  Aowb,  tliattliisMtrroiiiid'  DodeiM  bat  on  cadi  of  its  edga  17  fidgn 

iogmatterbMiaMeinblageof  lamiDMyWfaidbiy  of  moleculea;  whence  it  follows,  that  eadi 

•ettiog  out  firom  the  prinutxTe  fimn,  decrease  of  its  faces  is  composed  of  2S9  fiMxts  of 

in  extent,  both  on  all  sidesatonce,  and  some-  molecules,  and  that  the  whole  solid  is  equal 

thnes  in  certain  particular  parts  only.     This  to  4913  molecules.      On   this  h7potfaesis» 

decrement  is  effected  by  regular  subtractioBs  there  are  eight  laminae  of  superposition,  the 

of  one  or  more  rows  of  integrant  molecules ;  last  of  which  is  reduced  to  a  aim|^  cube^ 

and  the  theory,  in  determining  the  number  whose  edges  determine  the  numbers  o£  mal»> 

of  these  rows  by  means  of  calculation,  suo-  cules  which  form  the  series  15^  13^  1 1,  9,  7, 

ceeds  in  representing  all  the  known  results  5^  3^  1|  the  diffbrence  being  2,  beouse  there 

of  crystallization,  and  eren  anticipates  future  is  one  course  subtncted  from  each  extr^ 

discoveries,   indicating  fbnns  which,  being  mity. 
still  hypothetical  only,  may  one  day  be  pre-         Now,  if  instead  of  this  coarse  kiad  of  i 


sented  to  the  inquiries  of  the  philosopher.  sonry,  which  has  the  adTantage  of  speaking 

Decremenii  on  the  Edges-^^het  s  if  (fig,  to  the  eye,  we  substitute  in  our  imaginatioa 

&  pL  TiiL)  be  a  dodecahedron  with  riiombic  the  infinitely  delicate  architecture  of  nature, 

planes.     This  solid,  which  is  one  of  the  six  we  must  concdve  the  nucleus  as  beiBg  com- 

primitire  forms  of  crystals,  also  presents  it.  posed  of  an  incomparably  greater  number  of 

self  occasionally  as  a  secondary  form ;  and  in  imperceptible  cubes.     In  this  case,  the  nuas- 

tbis  case  it  has,  as  a  nucleus,  sometimes  a  her  of  laminar  of  superposition  will  also  be 

cube  and  sometimes  an  octohedron.    Soppos-  beyond  comparison  greater  than  on  the  pre- 

ing  the  nucleus  to  be  a  cube :-—  oeding  hypothesis.     By  a  necessary  conse. 

In  order  to  extnctthts  nucleus,  it  is  sufli.  quence,  the  furrows  which  form  these  lamina* 

cient  successiTely  to  remove   the  six  solid  by  the  alternate  projecting  and  re-entering  of 

angles  composed  of  four  planes,  such  as  r,  r,  tbeir  edges,  will  not  be  cognisable  by  our 

tf  See,  by  sections  adapted  to  the  direction  of  senses ;  and  this  is  what  takes  place  in  the 

the  small  diagonals.    These  sections  will  dis-  polyhedra  which  crystallisation  has  produced 

play  as  many  squares  AEOl,  EOO'E',  I  A  leisure,  without  being  distuihed  in  its  pro- 

O  (y  V,  (fig.  7.)  &C.  which  will  be  the  faces  gress. 

of  the  cube.  M.  Haiiy  calls  decremenis  m  hreadik,  those 

Let  us  conceive  that  each  of  these  faces  is  io  which  each  lamina  has  only  the  height  of 

subjected  to  a  series  of  decreasing  laminas  a  molecule,  so  that  their  whole  effect,  by 

solely  composed  of  cubic  molecules,  and  that  one,  two»  threes  &c.  courses,  is  in  the  way  oi 

every  one  of  these  laminse  exceeds  the  sue-  breadth.     Decrements  in  keigki  are  those  ia 

ceeding  one,  towards  its  four  edges,  by  a  which  each  lamina,  exceeding  only  the  follow* 

quantity  equal  to  one  course  of  these  same  log  one  by  a  single  course  in  the  direction  of 

molecules.     Afterwards  we  shall  designate  the  breadtli,  may  have  a  height  double,  triple^ 

the  decreasing  laminie  which  envelope  the  quadruple,  &c  to  that  of  a  molecule :  this  ii 

nucletts,  by  the  name  of  lamvue  ofguperpoei-  expressed  by  saying,  that  the  decrement  takes 

tion,     iiowf  it  is  easy  to  conceive  that  the  place  by  two  courses,  three  courses^  &e,  in 

different  series  will  produce  six  quadrangular  height. 

pyramids,  similar  in  some  respects  to  the  The  light  wliich  the  theory  of  definite  pro- 
quadrangular  steps  of  a  column,  which  will  portions  has  thrown  upon  chemistry,  the 
rest  on  the  faces  of  the  cube.  Hu^ee  of  roechaoical  views  by  which  the  atomic  philo- 
these  pyramids  are  represented  in  fig.  8.  and  sopby  accounts  for  fixed  proportions,  the  use 
have  their  summits  in  «,  /,  r'.  which  has  been  made  of  these  views  to  repra- 

Now,  as  there  are  six  quadrangular  pyra^  ■cot  bodies  composed  of  a  determinate  number 

mids,  we  shaU  therefore  have  twenty -four  of  atoms,  engaged  M.  Mitscherlich  to  exa- 

triangles,  such  as,  O  5  1,  O  <  I,  &c.     But  mine  the  following  problems :— Difierent  elo- 

because  the  decrement  is  uniform  from  •  to  ments  being  combined  with  the  same  number 

I,  and  so   on  with  the  rest,   the  triangles  of  atoms  of  one  element*  or  of  several  difio- 

taken  two  and  two  are  on  a  level,  and  form  rent  dements,  have  they  the  same  crystalline 

a  ihomb  «  O  /  I.     The  surface  of  the  solid  firm  t     Is  the  identity  of  the  crystalline  form 

will  therefore  be  composed  of  twelve  equal  determined  only  by  the  nwmher  of  atOBDs  ? 

and  similar  rhombs ;  1.  e.  this  solid  will  have  Is  this  form  independent  of  the  chemical  n». 

the  same  form  with  that  which  is  the  subject  ture  of  the  elements  ? 

of  the  problem.     This  structure  tekes  place.  The  trials  which  he  has  made  appear  to 

although   imperfectly,   with   respect  to   the  him  to  demonstrate,  that  certain  different  ele- 

crystals  called  boraeic  spare,  ments,  combined  with  the  same  number  of  oi>e 

The  dodecahedron  now  under  oonsidera-  or  of  several  elements,  affect  the  same  cry stsl- 

tioB  is  represented  by  fig.  8.  in  such  a  w^  line  form ;  and  that  chemical  elements  in  ge- 

that  the  progress  of  the  decrement  may  be  neral  may  iu  this  respect  be  classed  iu  groups, 

perceived  by  the  eye.     On  examining  the  He  gives  the  epithet  Uftmorphous  to  those  ele- 

figure  attentively,*  we  shall  find  that  it  has  ments  which  belong  to  the  same  group,  in  or- 

been  traced^  on  the  supposition  thai  the  cubic  der  to  expraw  this  qusiity  of  the  demcnte  by 
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a  tedmical  term.  Thus,  every  eneniele,  be 
wKf,  hat  a  phosphate  which  ocNrespoiMk  to 
it,  composed  accending Co  the aame  proportional 
cooibined  with  the  same  atoms  of  water  of 
cfystaltisadon,  and  which  at  the  lame  time  hss 
the  same  physical  qualities.  In  a  word,  the 
two  series  of  salts  with  the  phosphorous  and 
phosphoric,  arsenious  and  arsenic  acids,  differ 
in  no  respect,  eicept  that  the  radical  of  the 
aeid  of  one  series  is  phosphorus,  and  of  the 
other  is  arsenic. 

The  conclusion  at  which  he  arrives  is,— The 
same  numbo*  of  atoms  combined  in  the  same 
manner  produces  the  same  crystalline  form ; 
and  the  same  crystalline  form  is  independent 
of  the  chemical  nature  of  the  atoms,  being  de- 
termined only  by  their  number  and  relative 
pontion.— ifnn.  de  Chim.  etde  Phyt,  xtz.  35(X 

Mr  Brooke,  aAer  urging  several  stroi^ 
objections  against  the  theory  advanced  by  M. 
Mitscherlich,  says,  that  he  is  informed  the 
author  has  lately  abandoned  it,  which  however 
there  is  good  reason  to  doubt. 

We  are  indebted  to  Dr  Wollastoo  for  ideas 
on  the  ultimate  cause  of  crystalline  forms 
equally  ingenious  and  profound,  lliey  were 
communicated  to  the  Royal  Society,  and  pub- 
Kshed  in  dieir  Transactions  for  the  year  18ia 

Among  the  known  forms  of  crystallised 
bodies,  there  is  no  one  common  to  a  greater 
number  of  substances  than  the  regular  ocu^ 
hedron,  and  no  one  in  which  a  corresponding 
difliculty  has  occurred  with  regard  to  deter- 
mtning  which  raodificatioa  of  its  form  Is  to  be 
considered  as  primitive;  since  in  all  these 
substances  the  tetraliecfaron  appears  to  have 
equal  claim  to  be  received  aa  the  original 
fimn  which  all  their  ether  modiflcations  are 
to  be  derived. 

The  relation  of  these  solids  to  each  other 
is  most  distinctiy  exhibited  to  those  who  are 
not  much  converaant  with  crystallography,  by 
assuming  the  tetrahedron  as  primitive,  for 
this  may  immediately  be  converted  into  an 
ectohedron  by  the  removal  of  four  smaller 
tatrahedroBS  from  its  solid  angles.     Plate  is. 

*g«  If 
The  substance  which  DMSt  readily  admits 

of  division  by  fracture  into  these  Ibrms,  is 
flnee-spar;  and  there  is  no  difficulty  in  ob- 
taining a  sufficient  quantity  for  such  experi- 
ments. But  it  is  not,  in  fact,  either  the  te* 
trahedron  or  the  octohedron,  which  first  pre- 
sents itself  as  the  apparent  primitive  form  ob- 
tained by  fiacture. 

If  we  form  a  plate  of  uniform  thickness  by 
two  sufosssive  divisions  of  the  spar,  parallel 
to  each  other,  we  shall  find  the  plate  divisible 
into  ]Nrismatio  rods,  the  section  of  which  is  a 
rhomb  of  70o  39^  and  lOd^^  28^  nearly;  and 
if  vre  again  ^lit  these  rods  tiansvetsely,  we 
shall  obtain  a  number  of  r^^lar  acute  rhom- 
boids, all  similar  to  each  other,  having  their 
superJftcial  angles  60^  and  18(F,  and  present- 
ing aa  appeanmoe  of  primitive  molecules, 


fiom  which  an  the  other  modlfiealions  of  soch 
crystab  night  very  simply  be  derived.  And 
vre  ind,  moreover,  that  the  whole  eaaas  of  fiuor 
might  be  divided  into,  and  conceived  to  con- 
sist of  these  acute  riiomboids  alone,  which 
may  be  put  together  so  as  to  fit  each  other 
without  any  intervening  vacuity. 

But,  since  the  solid  thus  obtained  (as  re- 
presented fig.  2,)  may  be  again  split  by  na- 
tural fractures  at  right  angles  to  ita  axis  (fig. 
3.),  so  that  a  regular  tctndiedron  nnay  be  de- 
tached from  each  extremity,  while  the  reoaain- 
iag  portion  assumes  the  form  of  a  regular  oo- 
tohedron  ;  and  since  every  rhomboid  that  c«i 
be  <»btained  must  admit  of  the  same  division 
into  one  octohedron  and  two  tetrabedroosy 
the  rtiomboid  can  no  longer  be  regarded  ea 
the  primitive  form ;  and  since  the  parts  into 
uriiich  it  is  divisible  are  dissimilar,  we  are  left 
in  doubt  which  of  them  is  to  have  preoedenoe 
as  primitive. 

In  the  examination  of  this  question,  who- 
ther  we  adopt  the  octohedron  or  the  tetrahe- 
dron aa  the  primitive  form,  since  neitlicr  of 
them  can  fill  space  without  leering  vacuities, 
there  is  a  difilculty  in  conceiving  any  arrange- 
ment in  which  the  particles  will  remain  ai 
rest;  for,  whether  we  suppose^  with  the 
Abb6  Haiiy,  that  the  particles  are  tetrshe. 
dral  with  octohedral  carities,  or,  on  the  oo». 
trary,  octohedral  partidee  regularly  arrang- 
ed with  tetrahedral  cavities,  in  each  case 
the  mutual  contact  of  adjacent  particles  is 
only  at  their  edges ;  and  although  in  such  an 
arrangement  it  must  be  admitted  that  there 
may  be  an  equilibrium,  it  is  evidentiy  unsta- 
ble, and  ill  adapted  to  form  the  basis  of  any 
permanent  cryatal. 

With  respect  to  fluor-spar,  and  such  other 
substances  as  assume  the  octohedral  and  telra* 
hedral  forma,  all  difficulty  is  removed,  says 
Dr  Wollaston,  by  supposing  the  elementary 
particles  to  be  pofoct  spheres,  which,  by  mu- 
tual attraction,  have  assumed  that  arraoge- 
nsent  which  brings  them  es  near  to  each  other 
as  possible. 

The  relative  position  of  any  number  of 
equal  balls  in  the  same  plane,  when  gentiy 
pressed  together,  forming  equilatersl  triangles 
with  each  other  (as  represented  perspectively 
in  fig.  4.),  is  familiar  to  every  one ;  and  it  is 
erident  that,  if  balls  so  placed  were  cemented 
together,  and  the  stratum  thus  formed  were 
af&rwards  broken,  tiie  straight  lines  in  which 
they  would  be  disposed  to  separate  would 
form  angles  of  00^  witii  each  other. 

If  a  single  ball  were  placed  any  where  at 
rest  upon  the  preceding  stratum,  it  is  evident 
that  it  would  be  in  contact  with  three  of  the 
lower  balls  (as  in  fig.  5.),  and  that  the  lines 
joining  die  centres  of  four  baUs  so  in  contact^ 
or  the  planes  touching  their  surfaces,  wpuld 
include  a  regular  tetrahedron,  having  all  its 
equilateral  triangles. 

The  construction  of  an  octohedron,   by 
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BMSDA  of  aphem  alone,  u  as  vmple  aa  that 
of  the  tetrabedroD.  For,  if  four  balls  be 
placed  in  oontact  on  tbe  same  plane,  in  fonn 
of  a  square,  then  a  single  ball  resting  upon 
them  in  the  centre,  being  in  contact  with  each 
pair  of  balls,  will  present  a  triangular  face 
rising  from  each  side  of  the  square,  and  the 
wh<rfe  together  will  represent  the  superior 
apex  of  «n  octohedron ;  so  that  a  sixth  ball 
similarly  placed  underneath  the  square  will 
complete  the  octohedral  group,  fig.  6. 

There  is  one  obserration  with  regard  to 
these  forms  that  will  appear  paradoxical, 
namely,  that  a  structure,  which  in  this  case 
was  begun  upon  a  squaie  foundation,  is  really 
intrinsically  tbe  same  as  that  which  is  begun 
upon  the  triangular  basis.  But  if  we  lay  the 
octohedral  group,  which  consists  of  six  balls, 
on  one  of  its  triangular  sides,  and,  conse- 
quently, with  an  opposite  triangular  face 
uppermost,  the  two  groups,  consisting  of 
three  balls  each,  are  then  situated  precisely 
as  they  would  be  found  in  two  adjacent  strata 
of  tbe  triangular  arrangement.  Hence^  in 
this  position,  we  may  readily  concert  the 
octohedron  into  a  regular  tetrahedron,  by 
addition  of  four  more  balls  (fig.  7.)  One 
placed  on  the  top  of  the  three  that  are  up- 
permost forms  tlie  apex :  and  if  the  triangu- 
lar base,  on  which  it  rests,  be  enlarged  by 
addition  of  three  more  balls,  regularly  dis- 
posed around  it,  the  entire  group  of  ten  balls 
will  then  be  found  to  represent  a  regular  te- 
trahedron. 

For  the  purpose  of  representing  tlie  acute 
rhomboid,  two  balls  must  be  applied  at  oppo- 
site sides  of  the  smallest  octohedral  group,  as 
in  fig.  9.  And  if  a  greater  number  c£  balls 
be  placed  together,  fig.  10.  and  1 1.  in  the 
same  form,  then  a  complete  tetrahedral  group 
may  be  removed  from  each  extremity,  leaving 
a  central  octohedron,  as  may  be  seen  in  fig. 
11.  which  corresponds  to  fig.  3L 

We  have  seen,  that,  by  due  applicadon  of 
spheres  to  each  other,  idl  tbe  most  simple 
forms  of  one  species  of  crystal  will  be  pro- 
duced ;  and  it  is  needless  to  pursue  any  other 
modifications  of  tbe  lame  form,  which  must 
result  from  a  series  of  decrements  produced 
according  to  known  laws. 

Since,  then,  the  simplest  arrangement  of 
the  most  simple  solid  that  can  be  imagined, 
affords  so  complete  a  solution  of  one  of  the 
most  difficult  questions  in  crystallography, 
we  are  naturally  led  to  inquire  wliat  forms 
would  probably  occur  from  the  union  of 
other  solids  most  nearly  allied  to  the  sphere. 
And  it  will  appear,  that  by  the  supposition 
of  elementary  particles  that  are  spberoidical,- 
wc  may  frame  conjectures  as  to  the  origin  of 
other  angular  solick  well  known  to  crystallo- 
grapbers. 

Th*  obiute  Rhomboid. 
If  we  suppose  the  axis  of  our  elementary 


spheroid  to  be  its  shortest  ^mmuiaa,  a  daaa 
of  solids  will  be  formed  which  are  numerous 
in  crystallography.  It  has  been  remarked 
above,  that  by  tbe  natural  grouping  of  sphe- 
rical particles,  fig.  10.  one  resulting  solid  is 
an  acute  rhomboid,  similar  to  that  of  fig.  8L 
having  ^rtain  determinate  angles,  and  its 
greatest  dimensi<m,  in  the  direction  of  its  axis. 
Now,  if  other  particles  having  the  same  rela- 
tive arrangem«it  be  supposed  to  have  the 
form  of  oblate  sphernds,  the  resulting  solid, 
fig.  12.  will  still  be  a  regular  rhomboid ;  but 
tbe  measures  of  its  angles  will  be  different 
from  those  of  tbe  former,  and  will  be  more 
or  less  obtuse  according  to  the  degree  of  ob- 
lateness  of  the  primitive  spheroid. 

It  is  at  least  possible  that  carbonate  of  lime 
and  other  substances,  of  which  the  forms  are 
derived  from  regular  riiomboids  as  their  pri- 
mitive form,  may,  in  fact,  consist  of  oblate 
spheroids  as  elemoitary  particles. 


Hexagonal 

If  our  elementary  spheroid  be  on  the  con- 
trary oblong,  instead  of  oblat^  it  is  evident 
that,  by  mutual  attraction,  their  centres  will 
approach  nearest  to  each  other  when  their  axes 
are  parallel,  and  their  shortest  diameters  in 
tbe  same  plane  (fig.  13.)  The  manifest  con- 
sequence of  this  structure  would  be,  that  a 
solid  so  formed  would  be  liable  to  split  into 
plates  at  right  angles  to  the  axes,  and  the 
plates  would  diride  into  prisms  of  three  or 
six  sides,  with  all  their  angles  equal,  as  occurs 
in  phosphate  of  lime,  beryl,  &c. 

It  may  farther  be  observed,  that  the  pro* 
portion  of  the  height  to  the  base  of  such  a 
prism,  must  depend  on  the  ratio  between  the 
axes  of  the  elementary  spheroid. 

J^  Cube. 
Let  a  mass  of  matter  be  supposed  to  ooo- 
sist  of  spherical  particles  all  of  the  same  siae^ 
but  of  two  different  kinds  in  equal  numbers, 
represented  by  black  and  white  balls;  and 
let  it  be  required  that,  in  their  perfect  inter- 
mixture, every  black  ball  shall  be  equally  dis- 
tant from  all  surrounding  white  balls,  and 
that  all  adjacent  balls  of  the  same  denominiu 
tion  shall  also  be  equidistant  from  each  other ; 
The  Doctor  shows,  that  these  conditions  vrill 
be  fulfilled  if  the  arrangement  be  cubical,  and 
that  the  partades  will  be  m  egwUMo.  F!g. 
14.  represents  a  cube  so  constituted,  of  balls 
alternately  black  and  white  throughout.  Tbe 
four  black  balls  are  all  in  view.  The  dis- 
tances of  their  centres  being  every  way  a  su- 
perficial diagonal  of  the  cube,  they  are  equi- 
distant, and  their  configuration  represents  a 
regular  tetrahedron ;  and  the  same  is  the  re- 
lative situation  of  the  four  white  balls.  Tlie 
distances  of  dissimilar  adjacent  balls  are  like* 
wise  evidently  equal ;  so  that  the  conditions 
of  their  union  are  complete,  as  far  as  appears 
in  the  small  group ;  and  tfajs  is  a  correct  re- 
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presentative  of  the  entire  man,  that  would  be 
composed  of  equal  and  similar  cubes. 

Tliere  remains  one  observation,  with  r^^rd 
to  the  spherical  form  of  elementary  particles, 
whether  actual  or  virtual,  that  must  be  re- 
garded as  favourable  to  the  forgoing  hypo- 
thesis, namely,  that  many  of  those  substances 
which  we  have  most  reason  to  think  simple 
bodies,  as  among  the  class  of  metals,  exhibit 
this  further  evidence  of  their  simple  nature, 
that  they  crystallize  in  the  octohedral  form  as 
they  would  do  if  their  particles  were  spheri- 
cal. 

But  it  must,  on  the  contrary,  be  acknow- 
ledged, that  we  can  at  present  assign  no  rea- 
son why  the  same  appearance  of  simplicity 
should  take  place  in  fluor-spar,  which  is  pre- 
sumed to  contain  at  least  two  elements ;  and 
it  is  evident,  that  any  attempts  to  trace  a  ge- 
neral correspondence  between  the  crystallo- 
graphical  and  supposed  chemical  elements  of 
bodies,  must,  in  the  present  state  of  these 
sciences,  be  premature. 

Any  sphere  when  not  compressed  will  be 
surrounded  by  twelve  others,  and  consequent- 
ly, by  a  slight  degree  of  compression,  will  be 
converted  into  a  dodecahedron,  according  to 
the  most  probable  hypothesis  of  simple  com- 
pression. 

The  instrument  for  measuring  the  angles 
of  crystak  is  called  a  goniometer,  of  w^ch 
there  are  two  kinds.  1.  Hie  goniometer  of 
M.  Carangeau,  used  by  M.  Haiiy,  consists 
of  two  parallel  blades,  jointed  like  those  of 
sdssars,  and  capable  of  being  applied  to  a 
graduated  semicircular  sector,  which  gives  the 
angle  to  which  the  joint  is  opened,  in  conse- 
quence of  the  previous  apposition  of  the  two 
blades  to  the  angle  of  the  crystal.  2.  The 
reflective  goniometer  of  Dr  Wollaston;  an 
admirable  invention,  which  measures  tlie  an- 
gles of  the  minutest  possible  crystals  with  the 
utmost  precision.  An  account  of  this  beau^ 
tiful  instrument  may  be  found  in  the  Phil. 
Trans,  for  1809,  and  in  TiUocb*s  Magazine 


for  Februaij  1810,  vol.  35.     Mr  Willi^ 

PhilUps  published,  in  the  2d  volume  of  the 
Geolcgiod  Transactions,  an  elaborate  series 
of  measurements  with  tiiis  goniometer.  A 
striking  example  of  the  power  of  this  instru- 
ment in  detecting  the  minutest  forms  with 
precision,  was  afforded  by  its  application  to  a 
crystalline  jet-black  sand,  which  Dr  Claiic  got 
from  the  island  Jean  Mayen,  in  the  Green- 
land seas.  **  Having  therefore,"  "says  Dr 
Clarke,  "  selected  a  crystal  of  this  form,  but 
so  exceedingly  minute  as  scarcely  to  be  dis- 
cernible to  the  naked  eye,  I  fixed  it  upon  the 
moveable  plane  of  Dr  Wollaston's  reflecting 
goniometer.  A  double  image  was  reflected 
by  one  of  the  planes  of  the  crystal,  but  the 
image  reflected  by  the  contiguous  plane  was 
clear  and  perfectly  perceptible,  by  which  I 
was  enabled  to  measure  the  angle  of  inclina* 
tion ;  and  after  repeating  the  observation  se- 
veral times,  I  found  it  to  equal  929  or  92^^. 
Hence  it  is  evident  that  these  crystals  are  not 
zircons,  although  they  possess  a  degree  of 
lustre  quite  equal  to  that  of  zircon.  In  this 
uncertainty,  I  sent  a  small  portion  of  the  sand 
to  Th  Wollaston,  and  requested  that  he  would 
himself  measure  the  angle  of  the  particles  ex- 
hibiting splendent  surfaces.  Dr  Wollaston 
pronounced  the  substance  to  be  pjrrozene; 
having  an  angle,  according  to  his  observation, 
of  92|o.  He  also  informed  me,  that  the  sand 
was  similar  to  that  of  Bolsenna  in  Italy.** 
Such  a  ready  means  of  minute  research  forms 
a  delightful  aid  to  the  chemical  philosopher, 
as  well  as  the  mineralogist  M.  Haiiy,  by  a 
too  rigid  adherence  to  the  principle  of  geome- 
trical simplicity,  obtained  an  erroneous  deter- 
mination of  the  angles  in  the  primary  form  of 
carbonate  of  hroe,  amounting  to  36  minutes 
of  a  degree.  And  by  assigning  to  the  mag- 
nesian  and  ferriferous  carbonates  of  lime  the 
same  angle  as  to  the  simple  carbonate,  the 
error  became  still  greater,  as  will  appear 
from  the  following  comparative  measure- 
ments. 


Carbonate  of  lime^ 
Magnesian  carbonate, 
Femferous  carbonate, 


Observed  angle  by 

Dr  Wo11aston*s 

goniometer. 

105O     & 

106  15 

107  0 


Theoretic  angle. 

1040  28^  40" 
104    28  40 
104    28  40 


Error. 

(P  3(y  20" 

1  46  20 

2  31    20 


M.  Haiiy  will  no  doubt  accommodate  his 
results  to  these  indications  of  Dr  Wollaston's 
goniometer,  and  give  his  theory  all  the  per- 
fection which  its  scientific  value  and  elegance 
deserve. 

M.  Beudant  has  lately  made  many  experi- 
ments, to  discover  why  a  saline  principle  of 
a  certain  kind  sometimes  impresses  its  crystal- 
line form  upon  a  mixture  in  which  it  does  not, 
by  any  means,  form  the  greatest  part ;  and 
also  with  the  view  of  determining,  why  one 
saline  substance  may  have  such  an  astonish- 


ing number  of  secondary  forms  as  we  some- 
times meet  with. 

Tlie  presence  of  urea  makes  common  salt 
take  an  octohedral  form,  although  in  pure 
water  it  crystallizes  in  cubes  similar  to  its 
primitive  molecules.  Sal  ammoniac,  which 
crystallises  in  pure  water  in  octohedrons,  by 
means  of  urea  crystallizes  in  cubes.  A  very 
slight  excess  or  deficiency  of  base  in  alum 
causes  it  to  assume  either  cubical  or  octohe- 
dral secondary  forms ;  and  these  forms  are  so 
truly  secondary,  that  an  octohedral  crystal  of 
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alum,  immerged  in  a  solution  which  u  richer  When  a  secondary  form  diWen  frdm  tiw 
in  reqiect  to  its  basis,  becomes  enveloped  with  cube^  the  octohedron,  &c.  only  in  haTing  s^ 
crystalline  layers,  which  give  it  at  length  the  veral  of  its  angles  or  edges  replaced  by  a 
form  of  a  cube.  fiice,  this  change  of  the  geometrical  form  is 
The  crystalline  form  in  muddy  solutions  called  a  truncaiion*  The  alteration  in  the 
acquires  greater  simplicity,  losing  all  those  principal  form  produced  by  two  new  fiures  in- 
additional  facets  which  would  otherwise  mo-  clined  to  one  another,  and  which  replace  by 
dify  their  predominant  form.  a  kind  of  bevel,  an  angle,  or  an  edge,  is  call- 
in  a  ffeUitinoua  deposite,  crystals  are  rarfr-  ed  a  bevdment.  When  these  new  faces  are 
ly  found  in  groups,  but  almost  alwajrs  single,  to  the  number  of  three  or  more^  they  produce 
and  of  a  remarkable  sharpness  and  regularity  what  Werner  termed  a  pointing,  or  aeununa^ 
of  form  ;  and  they  do  not  undergo  any  van-  tion.  When  two  faces  unite  by  an  edge  in 
ations  but  those  which  may  result  from  the  the  manner  of  a  roof,  they  have  been  called 
chemical  action  of  the  substance  forming  the  culmination.  Replacement  u  occasionally 
deposite.     Common  salt  crystallised  in  a  so-  used  for  bevelwtenl* 

lution  of  borax  acquires  truncations  at  the  The  reader  will  find  some  curious  obsem^ 

solid  angles  of  its  cubes ;  and  alum  crystal-  tions  on  crystallization,  by  Mr  J.  F.  DanieDf 

lized  in  muriatic  acid  takes  a  form  which  BL  in  the  1st  voL  of  the  Journal  of  Science. 

Beudant  has  never  been  able  to  obtain  in  any  Professor  Mobs,  successor  to  Werner  in 

other  manner.  Freyberg,  Dr  Weiss,  professor  of  mineralogy 

90  or  4)0  per  cent  of  sulphate  of  copper  in  Berlin,  and   M.  Brocfaant,  professor  of 

may  be  uniteid  to  the  rhomboidal  crystalliza^  mineralogy  in  Paris,  have  each  recently  pob- 

tion  of  sulphate  of  iron ;  but  it  reduces  this  lished  systems  of  mineralogy.    Pretty  copious 

sulphate  to  a  pure  rhomboid,  without  any  details,  relative  to  the  first,  are  given  in  the 

truncation  either  of  the  angles  or  the  edges.  3d  volume  of  the  Edinburgh  Fhilosc^thical 

A  small  portion  of  acetate  of  copper  reduces  JoumaL 

sulphate  of  iron  to  the  same  simple  rhomboi-  A  complete  exposition  of  this  system  will 

dal  form,  notwithstanding  that  this  fonn  is  be  found  in  M.  Haidinger*8  able  translation 

disposed  to  become  complicated  with  addi-  of  Mobs. 

tional  surfaces.  Sulphate  of  alumina  brings  -  In  a  paper  in  the  Journal  de  Physique^ 
sulphate  of  iron  to  a  rhomboid,  with  the  la-  M.  Le  Blanc  gives  instructions  for  obtaining 
teral  angles  only  truncated,  or  what  M.  Haiiy  crystab  of  large  siae.  His  method  is  to  en»- 
calls  his  vari^ti  unilaire ;  and  whenever  this  ploy  flat  glass  or  china  vessels :  to  pour  into 
variety  of  green  vitriol  is  found  in  the  mar-  these  the  solutions  boiled  down  to  the  point 
ket,  where  it  is  very  common,  we  may  be  of  crystallization :  to  select  the  neatest  oif  the 
sure,  according  to  M.  Beudant,  that  it  con-  small  crystab  formed,  and  put  them  into  vea- 
tains  alumina.  sels  with  more  of  the  mother-water  of  a  solo- 
Natural  crystals  mixed  with  foreign  sub-  tion  that  has  been  brought  to  crystallize  con- 
stances  are  in  general  more  simple  than  fusedly :  to  turn  the  crystals  at  least  once  a- 
others,  as  is  shown  in  a  specimen  of  axinite  day ;  and  to  supply  them  from  time  to  time 
or  violet  schorl  of  Dauphin^  one  extremity  with  fresh  mother-water.  If  the  crystals  be 
of  which,  being  mixed  with  chlorite,  is  reduc-  laid  on  their  sides,  they  will  increase  most  in 
ed  to  its  primitive  form ;  while  the  other  end,  length ;  if  on  their  ends,  most  in  breadth, 
which  is  pure,  is  varied  by  many  iiicets  pro-  When  they  have  ceased  to  grow  larger,  they 
duced  by  different  decrements.  must  be  taken  out  of  the  liquor,  or  they  will 
In  a  mingled  solution  of  two  or  more  salts,  soon  begin  to  diminish.  It  may  be  observed 
of  nearly  equal  solubility,  the  crystallization  in  general,  that  very  large  crystals  are  leas 
of  one  of  them  may  be  sometimes  determined,  transparent  than  thcMe  that  are  small, 
by  laying  or  suspending  in  the  liquid  a  crystal  The  crystals  of  metals  may  be  obtained  by 
of  that  particular  salt.  fusing  them  in  a  crucible  with  a  hole  in  its 
M.  Le  Blanc  states,  that  on  putting  into  bottom,  closed  by  a  stopper,  which  is  to  be 
a  tall  and  narrow  cylinder,  crystals  at  diffe-  drawn  out  after  the  vessel  has  been  removed 
rent  heights,  in  the  midst  of  their  saturated  from  the  fire,  and  the  surface  of  the  metal  has 
saline  solution,  the  crystals  at  the  bottom  in-  begun  to  congeaL  The  same  eflfect  may  be 
crease  faster  than  those  at  the  surface,  and  observed  if  the  metal  be  poured  into  a  plate 
that  there  arrives  a  period  when  those  at  the  or  dish,  a  little  inclined,  which  b  to  be  sud- 
bottom  continue  to  enlarge,  while  those  at  the  denly  inclined  in  the  opposite  direction^  as 
surface  diminish  and  dissolve.  soon  as  the  metal  begins  to  congeal  round  its 
Those  salts  which  are  apt  to  give  up  their  edges.  In  the  first  method,  the  fluid  part  of 
water  of  crystallization  to  the  atmosphere,  and  the  metal  runs  out  of  the  hc^e,  leaving  a  kind 
of  course  become  efflorescent,  may  be  pre-  of  cup  lined  with  crystals :  in  the  latter  way^ 
served  by  immersion  in  oil,  and  subsequent  the  superior  part,  which  b  fluid,  runs  off,  and 
wiping  ik  their  surftce.  leaves  a  plate  of  metal  studded  over  with 

In  the  Wernerian  bnguage  of  crystalliza-  crystals, 

tion,  the  following  terms  are  employed  :<—  The  operation  of  crystalliring,  or  crystalli* 
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ntion,  is  of  groat  utilitj  in  the  puriffing  of  Franee.  At  an  aneniato  of  iron,  it  m^lit 
various  saline  Aibstanoes.  Most  salts  are  be  ranked  among  the  ores  of  either  tiiis  metal 
suspended  in  water  in  greater  quantities  aft  or  arsenie.— -JamMon. 
more  elevated  temperatures^  and  separate  CUDBEAR.  See  Abchdu 
more  or  less  by  cooling.  In  this  property,  CUPEL.  A  shallow  earthen  vessel^ 
and  likewise  in  the  quantity  of  salt  capable  of  somewhat  resembling  a  cup,  ftom  which  it 
being  suspended  in  a  given  quantity  of  water,  derives  its  name.  It  is  made  of  phosphate 
they  differ  greatly  from  each  other.  It  is  of  lime,  or  the  residue  of  burnt  bones  ram- 
therefore  practicable  in  general  to  separate  med  into  a  mould,  which  gives  it  its  figure, 
salts  by  due  management  of  the  temperature  This  vessel  is  used  in  assays  wherein  the 
and  evaporation.  For  example^  if  a  solution  precious  metals  are  fused  with  lead,  which 
of  nitre  and  common  sah  be  evaporated  over  becomes  converted  into  glass,  and  carries  the 
the  fire,  and  a  small  quantity  be  now  and  impure  alloy  with  it.  See  Assay. 
then  taken  out  for  trial,  it  wUl  be  found,  at  a  CUPELLATION.  The  refining  of  gold 
certain  period  of  the  concentration,  that  a  by  scorification  with  lead  upon  the  cupel,  is 
considerable  portion  of  salt  will  separate  by  called  cupellation.  See  Assay. 
coolings  and  that  this  salt  is  for  the  most  part  CURD.  The  coagulum  which  separates 
pure  nitre.  When  this  is  seen,  the  whole  firom  milk  upon  the  addition  of  add  or  other 
fluid  may  be  cooled  to  separate  part  of  the  substances.  See  Milk. 
nitre,  after  which,  evaporation  may  be  pro-  CYANIDE&  Compounds  of  cyanogen 
cceded  upon  as  before.  This  manipulsition  with  the  differeot  chemical  bodies, 
depends  upon  the  different  properties  of  the  CTANITE,  OR  KYANITE.  Disthene 
two  salts,  with  rqi;ard  to  their  solubility  and  of  Haiiy.  Its  principal  colour  is  Berlin-blue^ 
crystallisation  in  like  circumstances.  For  which  passes  into  grey  and  green.  It  occura 
nitre  is  considerably  more  soluble  in  hot  than  maftive  and  disseminated,  also  in  distinct 
in  cold  water,  while  common  salt  is  scarcely  concretions.  Hie  primitive  form  of  its  crys- 
more  soluble  in  the  one  case  than  in  the  tals  is  an  oblique  four-sided  prism  ;  and  the 
other.  The  common  salt  consequently  separ-  secondary  forms  are^  an  oblique  four-sided 
ates  in  crystals  as  the  evaporation  of  the  beat-  prism,  truncated  on  the  lateral  edges,  and  a 
ed  fluid  goes  on,  and  is  taken  out  with  a  ladle  twin  crystal.  The  planes  are  streaked, 
from  time  to  time,  whereas  the  nitre  is  separat-  splendent,  and  pearly.  Cleavage  threefold. 
ed  by  successive  coolings  at  proper  periods.  Translucent  or  transparent.     Surface  of  the 

M.  Robinet  has  suggested  a  very  simple  broader  lateral  planes  as  hard  as  apatite ; 

way   of   cleaning  crystals.       Of  a  double  that  of  the  angles,  as  quarts.     Easily  fran- 

mouthed  bottle^  he  puts  a  funnel  into  one  gible.     Sp.  gr.  3^5.     When  pure  it  is  idio- 

orifice,  and  a  bent  tube  into  the  other.     Tlie  electric.     Some  crystals  by  friction  acquire 

lower  opening  of  the  funnel  being  obstructed  negative,  othen  positive  electricity ;  hence 

by  a  ball  of  cotton  wool,  and  the  crystals  Haiiy's  name.      It  is  infusible  before  the 

placed  above  the  cotton,  he  sucks  the  air  out  blowpipe.     It  consists,  by  Klaproth,  of  43 

of  the  bottle,  and  the  atmosphere  pressing  on  silica,  55.5  alumina,  0.50  iron,  and  a  trace 

the  crystals,  forces  the  foul  matter  through  of  potash.    It  occurs  in  the  granite  and  mica 

the  spongy  filter.  slate  of  primitive  mountains.     It  is  found 

CUBE    ORE.      Hexahedral    Olivenite.  near  Banchory  in  Aberdeenshire,  and  Boch- 

Wurfelerz. — IVenu    This  mineral  has  a  pis-  arm  in  Banfi^ire ;  at  Airolo  oa  St  Gothard, 

tachio-green  colour  of  various  shades.      It  and  in  various  countries  of  Europe,  as  well 

occun  massive,  and  crystallised  in  the  per-  as  in  Asia  and  America.     It  is  cut  and  po- 

fect  cube ;  in  a  cube  with  four  diagondly  lished  in  India  as  an  inferior  sort  of  sapphire, 

opposite  angles  truncated ;  or  in  one  trun-  — Jinmefon. 

cated  on  all  iu  angles ;  or,  finally,  both  on         CYANOGEN.     The  compound  base  of 

its  edges  and  angles.    •  pruasic  acid.    The  term  signifies  the  ftroducer 

The  crystals  are  small,  with  planes  smooth  of  blue*  Tbis  production  of  blue  is  never 
and  splendent.  Lustre  glistening.  Cleavage  the  result  of  the  direct  action  of  this  sub- 
parallel  with  the  truncations  of  the  angles,  stance  on  any  other  single  body ;  but  an  in- 
Translucent.  Streak  straw-yellow.  Harder  direct  and  unexplained  operation  of  it  in 
than  gypsum.  Easily  frangible.  Sp.  gr.  conjunction  with  iron,  hydrogen,  and  ozy- 
3.0.  Fuses  with  disengagement  of  arsenical  gen.  The  same  reason  which  leads  to  the 
vapours.  Its  constituents  are,  31  arsenic  term  cyanogen,  would  warrant  us  in  calling 
acid,  45.5  oxide  of  iron,  9  oxide  of  copper,  it  leucogen,  erythrogen,  or  chlorogen ;  for  it 
4  silica,  and  10.5  water,  by  Chenevix.  Vau-  produces  white,  red,  or  green,  with  other 
quelin*s  analysis  gives  no  copper  nor  silics,  metals,  if  it  produce  blue  with  iron.  Yet 
but  43  iron,  18  arsenic  acid,  2  to  3  carbonate  deference  is  due  to  the  nomenclature  of  so 
of  lime,  and  32  water.  It  is  found  in  veins,  distinguislied  a  chemist  as  M.  Gay  Lussac. 
accompanied  with  iron-shot  quartz,  in  Tin-  Cyanogen,  like  chlorine  and  iodine,  by  its 
croft  and  various  other  mines  of  Cornwall,  action  on  potassium,  produces  flame,  and 
and  at  St  Leonard  in  the  Haui- Vienna  in  like  them  is  acidified  by  hydrogen.     Its  dia- 
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cbVery  and  investigation  do  the  higbeit  ho-  in  abundance.     Hiis  gas  is  pure  from  the 

sour  to  M.  Gay  Lussac.  beginning  of  the  process  to  the  end,  provided 

Cyanogen  is  obtained  by  decomposing  the  always  that  the  heat  be  not  very  high ;  for  if 

cyanide  of  mercury  by  heat     But  as  this  it  were  sufficiently  intense  to  melt  the  gkus, 

varies  in  its  composition,  we  shall  begin  by  a  little  asote  would  be  evolved.     Mercury  is 

descrilnng  its  formation.  volatilised  with  a  considerable  quantity  of 

By  digesting  red  oxide  of  mercury  with  cyanide,  and  there  remains  a  charry  matter 
Prussian  blue  and  hot  water,  we  obtain  a  of  the  colour  of  soot,  and  as  light  as  lamp- 
cyanide  perfbctly  neutral,  which  crystallises  black.  The  cyanide  of  silver  gives  out  like- 
in  long  four-sided  prisms,  truncated  oblique-  wise  cyanogen  when  heated ;  but  the  mercu* 
ly.  By  repeated  solutions  and  crystalliza-  rial  cyanide  is  preferable  to  every  other, 
tions,  we  may  free  it  from  a  small  portion  of  Cyanogen  is  a  permanently  elastic  fluid, 
adhering  iron.  But  M.  Gay  Lussac  prefers  Its  smell,  which  it  is  impossible  to  describe^ 
boiling  it  with  red  oxide  of  mercury,  which  b  very  strong  and  penetrating.  Its  solution 
completely  precipitates  the  oxide  of  iron,  and  in  water  has  a  very  sharp  taste.  Hie  gas 
he  then  saturates  the  excess  of  oxide  of  mer-  bums  with  a  bluish  flame  mixed  with  purplei. 
cury  with  a  little  prussic  add,  or  a  little  mu-  Its  specific  gravity,  compared  to  that  of  air, 
riatic  acid.  The  cyanide  thus  formed  is  de-  is  1.8064.  M.  Gay  Lussac  obtained  it  by 
composed  by  heat  to  obtain  the  radical.  For  wdghing,  at  the  same  tem'perature,  and  un* 
common  experiments  we  may  dispense  with  der  the  same  pressure^  a  balloon  of  about  2^ 
these  precautions.  litres,  (158.56  cubic  inches),  in  which  the 

When  this  cyanide  is  boiled  with  red  oxide  vacuum  was  made  to  the  same  degree,  and 

of  mercury,  it  dissolves  a  considerable  quan-  alternately  full  of  air  and  cyanogen.     100 

tity  of  the  oxide,  becomes  alkaline^  crystal-  cubic  inches  weigh  therefore  55. 1295  grains, 

lises  no  longer  in  prisms,  but  in  small  scales,  Cyanogen  is  capable  of  sustaining  a  pretty 

and  its  solubility  in  water  appears  a  little  in-  high  heat,  without  being  decomposed.  Water, 

creased.     When  evaporated  to  dryness,  it  is  with  which  M.  Gay  Lussac  agitated  it  for 

very  easily  charred,  which  obliges  us  to  eoK  some  minutes,  at  the  temperature  of  68^, 

ploy  the  heat  merely  of  a  water  bath.     Hiis  absorbed  about  4}  times  its  volume.     Pure 

compound  was    observed    by   M.    IVoust.  alcohol  absorbs  23  times  its  volume.     SuU 

When  decomposed  by  heat,  it  gives  abun-  phuric  ether  and  oU  of  turpentine  dissolve  at 

dance  of  cyanogen,  but  mixed  with  carbonic  least  as  much  as  water.     Tincture  of  litmus 

acid  gas.     IVoust  says,  that  it  yields  ammo-  is  reddened  by  cyanogen.     On  heating  the 

nia,  oil  in  considerable  abundance,  carbonic  solution  the  gas  is  disengaged,  mixed  with  a 

acid,  azote,  and  oxide  of  carbon.     He  em-  little  carbonic  acid,  and  the  blue  colour  of 

ployed  a  moist  cyanide.     Had  it  been  dry,  the  litmus  is  restored.     The  carbonic  add 

the  discovery  of  cyanogen  could  hardly  have  proceeds  no  doubt  horn  the  decomposition  of 

escaped  him.    Hie  cyanide  of  mercury,  when  a  small  quantity  of  cyanogen  and  water.     It 

neutral  and  quite  dry,   gives  nothing  but  deprives  the  red  sulphate  of  manganese  of  its 

cyanogen ;  when  mois^  it  furnishes  only  car-  colour,  a  property  which  prussic  add  does 

bonic  acid,  ammonia,  and  a  great  deal  of  not  possess.    This  is  a  proof  that  its  elements 

prussic  add  vapour.     When  we  employ  the  have  more  mobility  than  those  of  the  add. 

cyanide  made  with  excess  of  peroxide,  the  In  the  dry  way,  it  separates  the  carbonic 

same  products  pre  obtained,  but  in  different  add  from  the  carbonates, 

proportions,  along  with  azot^  and  a  brown  Phosphorus,  sulphur,  and  iodine,  may  be 

liquid,  which  IVoust  took  for  an  oil,  though  sublimed  by  the  heat  of  a  spirit-hunp  in  cy- 

it  is  not  one  in  reality.     Hence^  to  obtain  anogen,  without  occasioning  any  change  on 

pure  cyanogen,  we  must  employ  the  neutral  it     Its  mixture  with  hydrogen  was  not  al- 

cyanide  in  a  state  of  perfect  diTness.     Hie  tered  by  the  same  temperature,  or  by  passing 

other  mercurial  compound  is  not,  however,  electrical  sparks  through  it      Copper  and 

simply  a  subcyanide.     It  is  a  compound  of  gold  do  not  combine  with  it;  but  iron,  when 

oxide  of  mercury  and  the  cyanide,  analogous  heated  almost  to  whiteness,  decomposes  it  in 

to  the  brick-coloured  predpitate  obtained  by  part.      The  metal  is  covered  with  a  slight 

adding  a  little  potash  to  the  solution  of  deu-  coating  of  charcoal,  and  becomes  brittle.   The 

tochloride  of  mercury  (corrosive  sublimate),  undecomposed  portion  of  the  gas  is  mixed 

which  is  a  triple  compound  of  chlorine,  oxy-  with  asote  (contains  free  azote).    In  one  trial 

gen,  and  mercury,  or  a  binary  compound  of  the  asote  constituted  0.44  of  the  mixture^  but 

oxide  of  mercury  with  the  chloride  of  that  in  general  it  was  less.    Platinum,  which  had 

metaL     These  compounds  might  be  called  been  placed  beside  the  iron,  did  not  undergo 

oxycyanide  and  oxychloride  of  mercury,  any  alteration.     Ndther  its  surfiure,  nor  that 

When  the  simple  mercurial  cyanide  is  ex-  of  the  tube,  was  covered  with  charcoal,  like 

posed  to  heat  in  a  small  glass  retort,  or  tube,  the  iron. 

shut  at  one  extremity,    it  soon  begins  to  In  the  cold,  potassium  acts  but  slowly  on 

blacken.     It  appears  to  melt  like  an  animal  cyanogen,  because  a  crust  is  formed  on  its 

matter,  and  then  tlie  cyanogen  is  disengaged  suifaoc,  which  presents  an  obstacle  to  the 
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mutual  action.  On  applying  the  8pirit-lanip» 
the  potassium  becomes  speedily  incandescent  i 
the  absorption  of  the  gas  begins ;  the  inflam- 
ed disc  gradually  diminishes;  and  when  it 
disappears  entirely,  which  takes  place  in  a  few 
seconds,  the  absorption  is  likewise  at  an  end. 
Supposing  we  employ  a  quantity  of  potas- 
sium that  would  disengage  50  parts  of  hy- 
drogen from  water,  we  find,  that  from  48  to 
50  parts  of  gas  have  disappeared.  On  treat- 
ing the  residue  with  potash,  there  usually  re- 
main 4>  or  5  parts  of  hydrogen,  sometimes 
10  or  12.  M.  Gay  Lussac  made  a  great* 
number  of  experiments  to  discover  the  origin 
of  this  gas.  He  thinks  that  it  is  derived 
from  the  water  which  the  cyanide  of  mercury 
contains  when  it  has  not  been  sufficiently 
dried.  Frussic  add  vapour  is  then  produc- 
ed, which,  when  decomposed  by  the  potas- 
sium, leaves  half  ite  volume  of  hydrogen. 
Potassium,  therefore,  absorbs  a  volume  of 
pure  cyanogen,  equal  to  that  of  the  hydrogen 
which  it  would  disengage  from  water. 

Tlie  compound  of  cyanogen  and  potassium 
is  yellowish.  It  dissolves  in  water  without 
effervescence,  and  the  solution  is  strongly  al- 
kaline. Its  taste  is  the  same  as  that  of  hy- 
drocyanate,  or  simple  prussiate  of  potash,  of 
which  it  possesses  all  the  properties. 

The  gas  being  very  inflammable,  M.  Gay 
Lussac  exploded  it  in  Volta*s  eudiometer, 
vrith  about  2^  times  its  volume  of  oxygen. 
The  detonation  is  very  strong ;  and  the  flame 
is  bluish,  like  that  of  sulphur  burning  in  oxy- 
gen. 

Supposing  that  we  operate  on  100  parts 
of  cyanogen,  we  find  aher  the  explosion  a 
diminution  of  volume,  which  amounts  to 
from  four  to  nine  parts.  When  the  resi- 
duum is  treated  with  potash  or  baryta,  it 
diminishes  from  1 95  to  200  parts,  which  are 
carbonic  acid  gas.  The  new  residuum,  ana- 
lyzed over  water  by  hydrogen,  gives  from  94 
to  98  parts  of  azote ;  and  the  oxygen  which 
it  contains,  added  to  that  in  the  carbonic 
acid,  is  equal  (within  four  or  five  per  cent) 
to  that  which  has  been  employed. 

Neglecting  the  small  differences  which  pre- 
vent tliese  numbers  from  having  simple  ratios 
to  each  other,  and  which,  like  the  presence  of 
hydrogen,  depend  upon  the  presence  of  a 
variable  portion  of  prussic  add  vapour  in 
the  cyanogen  employed,  proceeding  from 
the  water  left  in  the  cyanide  of  mercury,  we 
may  admit  that  cyanogen  contains  a  suffi- 
cient quantity  of  carbon  to  produce  twice  its 
volume  of  carbonic  add  gas ;  that  is  to  say, 
two  volumes  of  the  vapour  of  carbon,  and 
one  volume  of  azote,  condensed  into  a  single 
volume.  If  that  supposition  be  exact,  the 
density  of  the  radical  derived  from  it  ought 
to  be  equal  to  the  density  derived  from  ex- 
periment ;  but  supposing  the  density  of  air 
to  be  1.00,  twice  that  of  the  vapour  of 


Carbon  is 
Azote^ 


0.8320 
0.9691 


(0.8332) 
(0.9722) 


1.8014  1.8051 

From  the  near  agreement  of  these  num- 
bers with  the  experimental  density,  we  are 
entitled  to  condude  that  M.  Gay  Lussac's 
analysis  is  correct  By  adding  a  volume  of 
hydrogen  to  a  volume  of  cyanogen,  we  ob- 
tain two  volumes  of  prussic  acid  vapour; 
just  as  by  adding  a  volume  of  hydrogen  to  a 
volume  of  chlorine,  we  obtain  two  volumes 
of  muriatic  add  gas.  The  same  proportions 
hold  with  regard  to  the  vapour  of  iodine^ 
hydrogen,  and  hydriodic  acid.  Hence  the 
sp.  gr.  of  these  three  hydrogen  acids  is 
exactly  equal  to  half  the  sum  of  the  densi- 
ties of  their  respective  bases  and  hydrogen. 
This  analogy  was  first  established  by  M.  Gay 
Lussac. 

It  is  now  obvious,  that  the  action  of  pot- 
assium on  cyanogen  agrees  with  its  action 
on  prussic  add.  We  have  seen  that  it  ab- 
sorfois  50  parts  of  the  first,  and  likewise  that 
it  absorbs  100  parts  of  the  second,  from 
which  it  separates  50  parts  of  hydrogen. 
But  100  parts  of  prussic  add  vapour,  mintu 
50  parts  of  hydrogen,  amount  exactly  to  50 
parts  cyanogen.  Hence  the  two  results  agree 
perfectly,  and  the  two  compounds  obtained 
ought  to  be  identical,  which  agfees  pre- 
cisely with  experiment. 

The  analysis  of  cyanogen  bdng  of  great 
importance^  M.  Gay  Lussac  attempted  it 
likewise  by  other  methods.  Having  put 
cyanide  of  mercury  into  the  bottom  of  a 
glass  tube,  he  covered  it  with  brown  oxide 
of  copper,  and  then  raised  the  heat  to  a  dull 
red.  On  heating  gradually  the  part  of  the 
tube  containing  the  cyanide,  the  cyanogen  wad 
gradually  disengaged,  and  passed  through  the 
oxide,  which  it  reduced  completely  to  the  me^ 
tallic  state.  On  washing  the  gaseous  pro- 
ducts with  aqueous  potash,  at  different  parts 
of  the  process,  he  obtained  only  from  0. 19 
to  0.30  of  azote,  instead  of  0.33>  which 
ought  to  have  remained  according  to  the 
preceding  analysis.  Presuming  that  some 
nitrous  compound  had  been  formed,  be  re^ 
peated  the  experiment,  covering  the  oxide 
with  a  column  of  copper  filings,  which  he 
kept  at  the  same  temperature  as  the  oxide. 
With  this  new  arrangement  the  results  were 
very  singular;  for  the  smallest  quantity  of 
azote  which  he  obtained  during  the  whole 
course  of  the  experiment,  was  33.7  for  100 
of  gas,  and  the  greatest  was  34.4.  Tlie  mean 
of  all  the  trials  was,— 

Azote,        •         33.6  or  nearly  1 

Carbonic  acid,      66.4  2 

A  result  which  shows  clearly  that  cyanogen 

contains  two  volumes  of  the  vapour  of  carbon, 

and  one  volume  of  azote. 

In  another  experiment,  instead  of  passing 
tlie  cyanogen  tlirough  the  oxide  of  copper,  he 
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made  a  miiture  of  one  part  of  the  cyanide  of 
mercury  and  10  parts  of  the  red  oxide,  and, 
after  introducing  it  into  a  glass  tubes,  close 
at  one  end,  he  covered  it  with  copper  filings, 
which  he  raised  first  to  a  red  heat.  On  heat- 
ing the  mixture  successively,  the  decomposi- 
tion went  on  with  the  greatest  facility.  .  Hie 
proportions  of  the  gaseous  mixture  w«re  less 
regular  than  in  the  preceding  experimenL 
Their  mean  was, 

Azote,  34.6  instead  of  3a3 

Caibom'c  add,  65.4  66.6 

In  another  experiment  he  obtained,-— 
Azote,  32.2 

Carbonic  add,      67.8 
Now  the  mean  of  these  results  gives,^ 
Azote,  3a4 

Carbonic  add,      66.6 
No  sensible  quantity  of  water  seemed  to  be 
formed  during  these  analyses.     Tliis  shows 
farther,  that  what  has  been  called  a  prussiate 
of  mercury  is  really  a  cyanide  of  that  metaL 
When  a  pure  solution  of  potash  is  intro- 
duced into  this  gas,  the  absorption  is  rapid. 
If  the  alkali  be  not  too  concentrated,  and  be 
not  quite  saturated,  it  is  scarcely  tinged  of  a 
lemon-yellow  colour ;  but  if  the  cyanogen  be 
in  excess,  we  obtain  a  brown  solution,  appa- 
rently carbonaceous.      On   pouring  potash 
combined  with  cyanogen  into  a  saline  solu- 
tion of  a  black  oxide  of  iron,  and  adding  an 
acid,  we  obtain  prussian  blue.     It  would 
appear  from  this  phenomenon,  that  the  cy- 
anogen is  decomposed  the  instant  that  it 
combines  with  the  potash  :  but  this  condu- 
sion  is  premature ;  for  when  this  body  is 
veally  decomposed  by  means  of  an  alkaline 
solution,  caiixmic  acid  is  always  produced, 
together  with   prussic  add   and  ammonia. 
But  on  pouring  baryta  into  a  solution  of 
cyanogen   in   potash,    no   predpitate  takes 
places  which  diows  that  no  carbonic  add  is 
present.    On  adding  an  excess  of  quicklime, 
no  trace  of  ammonia  is  perceptible.     Sincc» 
then,  no  carbonic  acid  and  ammonia  have 
been  formed,  water  has  not  been  decompos- 
ed, and  consequently  no  prussic  add  evolv- 
ed.    How  then  comes  the  solution  of  cy- 
anogen in  potash  to  produce  prussian  blue 
with  a  solution  of  iron  and  acid  ?     Hie  foU 
lowing  is  M.  Gay  Lussac's  solution  of  this 
difficulty  :— 

The  instant  an  add  u  poured  into  the  solu- 
tion of  cyanogen  in  potash,  a  strong  effer- 
vescence of  carbonic  acid  is  produced,  and  at 
the  same  time  a  strong  smell  of  prussic  acid 
becomes  perceptible.  Ammonia  is  likewise 
formed,  which  remains  combined  with  the  add 
employed,  and  which  may  be  rendered  very 
sensible  to  the  smell  by  tlie  addition  of 
quicklime.  Since,  therefore,  we  are  obliged 
to  add  an  acid  in  order  to  form  prussian 
blue,  its  formation  occasions  no  farther  dif- 
ficulty. 
.Soda,  baryta,  and  stip'ntia,  produce  the 


same  effect  as  potash.     We  must  therefore 
admit  that  cyanogen  forms  particular  combi- 
nations with  the  alkalis,  which  are  permanent 
till  some  circumstance  determines  the  fbrm*- 
tion  of  new  products.     These  combinations 
are  true  salts,  which  may  be  regarded  as  ana- 
logous to  those  formed  by  adds.     In  fact 
cyanogen  possesses  add  cfaaracterk     It  con- 
tains two  elements,  aaote  and  carbon ;  the 
first  of  which  is  strongly  addilyin^  accord- 
ing to  M.  Gay  Lussac.    (Is  it  not  as  strong- 
ly alkalifying,  with  hydrogen,  in  ammonia?) 
Cyanogen  reddens  the  tincture  of  litmus,  and 
neutralizes  the  bases :  on  the  other  hand,  it 
acts  as  a  simple  body  when  it  combines  with 
hydrogen ;  and  it  is  this  double  function  of 
a  simple  and  compound  body  which  renders 
its  nomenclature  so  embarrassing. 

Be  this  as  it  may,  the  compounds  of  cy- 
anogen and  the  alkalis,  which  may  be  distin- 
guished by  the  term  cyanides,  do  not  sepa- 
rate in  water,  like  the  alkaline  chlorides, 
(oxymuriates),  which  produce  chlorates  and 
muriates.  But  when  an  acid  is  added,  there 
is  formed,  1st,  Carbonic  acid,  which  corre- 
sponds to  the  chloric  add;  2d,  Ammonia 
and  prussic  add,  which  correspond  to  the 
muriatic. 

Wlien  the  cyanide  of  potaaii  is  decomposed 
by  an  add,  there  is  produced  a  T^dume  of  car- 
bonic add  just  equal  to  that  of  the  cyanogen 
employed.  What  then  becomes  of  the  other 
volume  of  the  Yapour  of  carbon;  for  the 
cyanogen  contains  two^  with  one  v<dume  of 
azote? 

Since  there  is  produced,  at  the  expense  of 
the  oxygen  of  the  water,  a  volume  of  carbonic 
add,  which  represents  1  volume  of  oxygen,  2 
volumes  of  hydrogen  must  likewise  have  been 
produced.  Hterefore,  neglecting  the  car- 
bonic add,  there  remains 

1  volume  vapour  of  caibon, 

1  azote, 

2  hydrogen ; 

and  we  must  make  Uiese  three  elements  com- 
bine in  totality,  so  as  to  produce  only  prussic 
add  and  anmionia.  But  the  one  Yolume  of 
the  vapour  of  carbon,  vrith  half  a  volume  of 
azote,  and  half  a  volume  of  hydrogen,  {hho- 
duces  exactly  1  volume  of  prussic  add,  while 
the  volume  and  a  half  of  hydrogen,  and  the 
half  volume  of  azote  remaining,  produce  I 
Yolume  of  ammoniacal  gas;  for  this  sub- 
stance is  formed  of  3  volumes  of  hydrogen 
and  1  of  azote,  condensed  into  2  Yolumes. 
See  Ammonia. 

A  given  volume  of  cyanogen,  then,  com- 
bined first  with  an  alkali,  and  then  treated 
with  an  add,  produces  exactly 

1  volume  of  carbonic  add  gas, 
1  prussic  add  rapour, 

1  ammoniacal  gas. 

It  is  very  remarkable  to  see  an  experiment, 
apparently  very  complicated,  give  so  simple 
a  result 
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Hie  metallic  oxides  do  not  nem  capable 
of  producing  the  same  changes  on  cyanogen 
■a  the  alkalis.  Having  precipitated  proto- 
sulphate  of  iron  by  an  alkali,  so  that  no  free 
alkali  remained,  M.  Gay  Luasac  caused  the 
oxide  of  iron  (mixed  necessarily  with  much 
water)  to  absorb  cyanogen,  and  then  added 
muriatic  acid.  But  he  did  not  obtain  the 
ali^test  trace  of  prusrian  blue ;  though  the 
same  oxide,  to  which  he  had  added  a  little 
potash  before  adding  the  acid,  produced  it  in 
abundance. 

From  tfiis  result  one  is  induced  to  believe 
that  oxide  of  iron  does  not  combine  with 
cyanogen ;  and  so  much  the  more,  because 
water  impr^nated  with  this  gas  never  pro> 
duces  Prussian  blue  with  solution  of  iron, 
unless  we  begin  by  adding  an  alkalL  See 
Acid  (  Peussic).  The  peroxides  of  manganese 
and  mercury,  and  the  deutoxide  of  lead,  ab- 
sorb cyanogen,  but  very  slowly.  If  we  add 
water,  the  combination  is  much  more  rapid. 
With  the  peroxide  of  mercury,  we  obtain  a 
greyish-white  compound,  somewhat  soluble 
in  water. 

Cyanogen  rapidly  decomposes  the  carbon- 
ates at  a  dull  red  beat,  and  cyanides  of  the 
oxides  are  obtained.  When  passed  through 
aulphuret  of  baryta,  it  combines  without  dls- 
«nS"^°£  ^®  sulphur,  and  renders  it  rery 
fusible,  and  of  a  brownish-black  colour. 
When  put  into  water,  we  obtain  a  colourless 
solution,  but  which  gives  a  deep  brown 
(maroon)  colour  to  muriate  of  iron.  What 
does  not  dissolve  contains  a  good  deal  of 
sulphate,  which  is  doubtless  formed  during 
the  preparation  of  the  sulpburet  of  baryta. 

On  dissolTlng  cyanogen  in  the  sulphuretted 
hydrosulphuret  of  baryta,  sulphur  is  precipi- 
tated, which  is  again  dissolved  when  the 
liquid  is  saturated  with  cyanogen,  and  we 
obtain  a  solution  having  a  very  deep  brown 
maroon  colour.  This  gas  does  not  decom- 
pose sulphuret  of  silver,  nor  of  potash. 

Cyanogen  and  sulphuretted  hydrogen  com- 
bine  slowly  with  each  other.  A  yellow  sub- 
stance is  obtained  in  fine  needles,  which  dis- 
solves in  water,  does  not  precipitate  nitrate 
of  lead,  produces  no  prussian  blue,  and  is 
composed  of  1  rolume  cyanogen,  and  1|^ 
volume  of  sulphuretted  hydrogen. 

Ammoniacal  gas  and  cyanogen  begin  to 
act  on  each  other  whenever  they  come  in 
contact ;  but  some  hours  are  requisite  to  ren- 
der the  effect  complete.  We  perceive  at  first 
a  white  thick  vapour,  which  soon  disappears. 
Tlie  diminution  of  volume  is  considerable, 
and  the  glass  in  which  the  mixture  is  made 
becomes  opaque,  its  inside  being  covered  with 
a  solid  brown  matter.  On  mixing  90  parts 
of  cyanogen,  and  227  ammonia,  they  com- 
bined nearly  in  the  proportion  of  1  to  If. 
Tliis  compound  gives  a  dark  orange-brown 
colour  to  water,  but  dissolves  only  in  a  ^ery 


small  proportion.     The  liquid  produces  no 
Prussian  blue  with  the  salts  of  iron. 

When  prussic  acid  is  exposed  to  the  action' 
of  a  voltaic  battery  of  20  pairs  of  plates,  much 
hydrogen  gas  is  disengaged  at  the  negative 
pole,  while  nothing  appears  at  the  positive 
pole.  It  is  because  there  is  evolved  at  that 
pole  cyanogen,  which  remains  dissolved  in 
the  acid.  We  may,  in  this  manner,  attempt 
the  combination  of  metals  with  cyanogen, 
placing  them  at  the  positive  pole. 

It  is  easy  now  to  determine  what  takes 
place  when  an  animal  matter  is  calcined  with 
potash  or  its  carbonate.  A  cyanide  of  pot- 
ash is  formed.  It  has  been  proved,  that  by 
heat  potash  separates  the  hydrogen  of  the 
prussic  or  hydrocjranic  acid.  We  cannot 
then  suppose  that  this  acid  is  formed,  while 
a  mixture  of  potash  and  animal  matters  is 
exposed  to  a  high  temperature.  But  we  ob- 
tain a  Cjranide  of  potash,  and  not  of  potas- 
sium ;  for  this  last,  when  dissolved  in  water, 
gives  only  prussiate  of  potash  (hydrocyanate), 
which  is  decomposed  by  the  acids,  without 
producing  ammonia  and  carbonic  add ;  while 
the  cyanide  of  potash  dissolves  in  water  with- 
out bdng  altered,  and  does  not  give  ammonia, 
carbonic  acid,  and  prussic  (hydrocyanic)  acid 
vapour,  unless  an  acid  be  added.  This  is 
the  character  which  distinguishes  a  cyanide 
of  a  metal  from  a  cyanide  of  a  metallic  oxide. 
See  AcLD  (Peussic). 

The  preceding  facts  are  taken  from  M. 
Gay  Lussac*s  memoir  on  hydrocyanic  acid, 
presented  to  the  Institute,  September  18* 
1815,  and  published  in  the  Annaks  de 
Chimie,  voL  xcv. 

In  the  Journal  de  Pharmacie  for  Novem- 
ber 1818,  M.  Vauquelin  has  published  an 
elaborate  dissertation  on  the  same  subject,  of 
which  I  have  given  some  extracts  under  Acid 
(Peussic).  I  shall  insert  here  his  very  ele- 
gant process  for  obtaining  pure  hydrocyanic 
or  prussic  acid,  from  the  cyanide  of  mercury. 

Considering  that  mercury  has  a  strong 
attraction  for  sulphur,  and  that  cyanogen 
unites  easily  to  hydrogen,  when  presented  in 
the  proper  state,  he  thought  that  sulphuret* 
ted  hydrogen  might  be  employed  for  decom- 
posing dry  cyanide  of  mercury.  He  ope- 
rated in  the  fo]l6wing  way:— He  made  a 
current  of  sulphuretted  hydrogen  ga?,  dis- 
engaged slowly  from  a  mixture  of  sulphuret 
of  iron  and  very  dilute  sulphuric  acid,  pass 
slowly  through  a  glass  tube  slightly  heated, 
filled  with  the  mercurial  cyanide,  and  com- 
municating with  a  receiver  cooled  by  a  mix- 
ture of  salt  and  snow. 

As  soon  as  the  sulphuretted  hydrogen  came 
in  contact  with  the  mercurial  salt,  this  last 
substance  blackened ;  and  this  effect  gradually 
extended  to  the  farthest  extremity  of  the  ap- 
paratus. During  this  time  no  trace  of  sul- 
phuretted hydrogen  oould  be  perceived  at  the 
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mouth  of  a  tube  proceeding  from  the  receiTer. 
As  soon  as  the  odour  of  this  gas  began  to  be 
perceived,  tlie  process  was  stopped ;  and  the 
tube  was  heated  in  order  to  drive  over  the 
add  which  might  still  remain  in  it.  The 
apparatus  being  unluted^  be  found  in  the  re- 
ceiver  a  eolourfcss  fluid,  which  posiesaed  all 
the  known  properties  of  prussic  acid.  It 
amounted  to  nearly  the  fifth  part  of  the 
cyanide  of  mercury  employed. 

This  process  is  easier,  and  furnishes  more 
add,  than  M.  Gay  Luasac's  by  means  of 
muriatic  acid.  He  repeated  it  several  times, 
and  always  successfully*  It  is  necessary 
merely  to  take  care  to  stop  the  process  before 
the  odour  of  the  sulphuretted  hydrogen  be- 
gins to  be  percdved,  otherwise  the  hydro-' 
cyanic  add  will  be  mixed  with  it.  However, 
we  may  avoid  this  inconvenience  by  placing 
a  little  carbonate  of  lead  at  the  extremity  of 
the  tube.  As  absolute  hydrocyanic  acid  is 
required  only  for  chemical  researches,  and  as 
it  cannot  be  employed  in  medidne,  it  may 
be  worth  while,  says  M.  Vauquelin,  to  bring 
to  the  recollection  of  apothecaries,  a  process 
of  M.  Proust,  which  has,  perhaps,  escaped 
thdr  attention.  It  consists  in  passing  a  cur- 
rent of  sulphuretted  hydrogen  gas  through 
a  cold  saturated  solution  of  prussiate  of  mer- 
cury in  water,  till  the  liquid  contains  an  ex- 
cels of  it ;  to  put  the  mixture  into  a  bottle, 
in  order  to  agitate  it  from  time  to  time ;  and, 
finally,  to  filter  it. 

If  this  prussic  acid,  as  almost  always  hap- 
pens, contains  traces  of  sulphuretted  hydro- 
gen, agitate  it  with  a  little  carbonate  of  lead, 
and  filter  it  again.  By  this  process  we  may 
obtain  hydrocyanic  acid  in  a  much  greater 
degree  of  concentration  than  is  necessary  for 
medidne.  It  has  the  advantage  over  Ae  dry 
prussic  add,  of  being  capable  of  being  pre- 
served a  long  time,  always  taking  care  to 
keep  it  as  much  as  possible  from  the  contact 
of  air  and  heat.     See  Acid  (P&usaic). 

In  the  first  volume  of  the  Journal  of 
Sdence  and  the  Arts,  Sir  H.  Davy  has 
stated  some  interesting  particulars  relative  to 
cyanogen.  By  heating  cyanide  of  mercury 
in  muriatic  acid  gas,  he  obtained  pure  liquid 
prussic  add,  and  corrosive  sublimate.  By 
heating  iodin^  sulphur,  and  phosphorus,  in 
contact  with  cyanide  of  mercury,  compounds 
of  these  bodies  with  cyanogen  may  be  form- 
ed. That  of  iodine  is  a  very  curious  body. 
It  is  volatile  at  a  very  moderate  heat,  and  on 
cooling  collects  in  flooculi,  adhering  together 
like  oxide  of  zinc  formed  by  combustion. 
It  has  a  pungent  smell,  and  very  acrid  taste. 


A  portion  of  pure  cyanide  of  mercuTj  was 
heated  till  perfectly  dry,  and  then  enclosed 
in  a  green  glass  tube ;  see  Acn)  (Ca&bonic)  ; 
and  bdng  collected  to  one  end,  was  decom- 
posed by  heat,  whilst  the  other  end  was 
cooled.  The  cyanogen  soon  appeared  as  a 
liquid,  limpid,  colourless,  and  very  fluid ;  not 
altering  its  state  at  0®  F.  A  tube  contain- 
ing it  bdng  opened  in  the  air,  the  expansion 
within  did  not  seem  to  be  very  great ;  and 
the  liquid  passed  with  comparative  slowness 
into  the  state  of  vapour,  produdng  great 
cold.  The  vapour  collected  over  mercury 
proved  to  be  pure  cyanogen. 

Liquid  cyanc^en,  evolved  in  contact  with 
moisture,  does  not  mix  with  the  water,  but 
floats  over  it  In  a  few  days,  the  water  and 
cyanogen  react  on  each  other,  and  carbona- 
ceous matter  is  evolved.-— J/r  Faraday,  PkiL 
Tranu  1&23. 

CYDER.  The  fermented  liquor  made 
from  the  juice  of  apples ;  those  which  are 
sour  and  rough  tasted  yielding  the  best.  The 
apples,  after  bdng  plucked,  are  left  in  heaps 
for  some  time  to  complete  thdr  ripening,  and 
render  them  more  saccharine.  Tliey  are 
then  crushed  between  grooved  cylinders  sur- 
mounted by  a  hopper,  or  in  a  drcular  trough, 
by  two  vertical  edge  wheels  of  wood,  moved 
by  a  horse.  Thus  reduced  to  a  pulpy  states 
they  are  subjected  to  a  great  pressure^  with 
the  occadonal  addition  of  a  little  water. 
The  juice  issues  in  a  stream,  and  is  recdved 
in  a  large  vat ;  whence  it  is  run  into  casks, 
where  every  thing  hdd  in  mechanical  sus- 
pension is  deposited.  Its  fermentation  is 
slow  of  bdng  devd«^[>ed ;  though  the  juice 
be  set  in  November  or  December,  the  work- 
ing hardly  commences  till  March.  Till  this 
time  the  cyder  is  sweet;  it  now  becomes 
pungent,  and  when  bottled  becomes  speedily 
brisk.     It  clarifies  itsdf. 

CYMOPHANE  of  Haiiy.     The  Chey- 

SOBER YL. 

CYSTIC  OXIDE.  A  peculiar  animal 
product,  discovered  by  Dr  Wollaston.  It 
constitutes  a  variety  of  urinary  Calculus, 
which  seew 

C  YTISIN.  The  name  of  a  substance  ex- 
tracted by  MM.  Chevallier  and  L«saaigne 
from  the  seeds  of  the  cylisut  laburnum.  It 
resembles  gum-arabic  in  aspect,  but  its  taste 
is  bitter  and  nauseous.  It  quickly  attracts 
humidity.  In  small  doses  it  acts  powerfully 
on  the  animal  economy.— Jbum.  de  Pharm* 
iv.  340. 


D 


DAHLINE.  A  vegetable  prindple  di»- 
covered  by  M.  Payen,  analogous  to  starch 
and  inulin.     To  extract  it,  the  pulp  of  the 


bulbs  of  dahlia  is  to  be  diffused  in  its  weight 
of  water,  filtered  through  cloth,  the  liquid 
mixed  with  one-twentieth  its  wdgbt  of  com- 
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mon  chalk,  boiled  for  half  an  hour,  and  fil- 
tered. The  residuum  of  the  bulbs  is  then 
to  be  pressed,  the  solutioos  united,  and  eva- 
porated to  three>fourths  of  their  volume. 
Four  per  cent  of  animal  charcoal  must  now 
be  added,  and  the  whole  dariiied  by  the 
white  of  an  egg.  The  liquor,  filtered  and 
evaporated  until  a  film  form  on  the  surface, 
deposits  dahline  on  cooling.  All  the  washings 
are  to  be  treated  in  the  same  way ;  and  thus 
four  per  cent  of  dahline  will  be  obtained  from 
the  bulbs. 

Hiis  substance  when  pure  is  white,  ino- 
dorous, pulverulent,  tasteless,  sp.  gr.  1.356, 
more  soluble  in  hot  tlian  cold  water,  not  so- 
luble in  alcohol,  but  precipitated  by  it  from 
aqueous  solutions.  It  diifers  from  starch 
and  inulin  in  forming  a  granulated  mass 
when  its  aqueous  solution  is  evaporated,  as 
also  in  its  specific  gravity.  M.  Braconnot 
has  discovered  dahline  in  the  Jerusalem  arti- 
choke. He  considers  it  merdy  as  a  variety 
of  inuVm.^'Annalei  de  Ckim,  ei  de  Phyt, 
zxiv.  and  xxv. 

DAMPS.  The  permanently  elastic  fluids 
which  are  extricated  in  mines,  and  are  des- 
tructive to  animal  life,  are  called  damps  by 
the  miners.  The  chief  distinctions  made  by 
the  miners  are,  choke-damp,  which  extin- 
guishes their  caudles,  hovers  about  the  bot- 
tom of  the  mine,  and  consists  for  the  most 
part  of  carbonic  acid  gas;  and  firedamp,  or 
caiburetted  hydrogen,  which  occupies  the 
superior  spaces,  and  does  great  mischief  by 
exploding  whenever  it  comes  in  contact  witli 
their  lights.  See  Gas,  Combustion,  and 
Lamp. 

DAOURITE.  A  variety  of  red  schorl 
from  Siberia. 

DAPHNIN.  The  bitter  principle  of 
Daphne  Atpiwh  discovered  by  M.  Vauque- 
lin.  From  the  alcoholic  infusion  of  this 
bark,  the  resin  was  separated  by  its  concen- 
tration. On  diluting  the  tincture  with  wa- 
ter, filtering,  and  adding  acetate  of  lead,  a 
yellow  dapknate  of  lead  fell,  from  which  sul- 
phuretted hydrogen  separated  the  lead,  and 
left  the  daphnin  in  small  transparent  crys- 
tals. They  are  hard,  of  a  greyish  colour,  a 
bitter  taste  when  heated,  evaporate  in  acrid 
add  vapours,  sparingly  soluble  in  cold,  but 
moderately  in  boiling  water.  It  is  stated, 
that  its  solution  is  not  precipitated  by  acetate 
of  lead ;  yet  acetate  of  lead  is  employed  in 
the  first  process  to  throw  it  down. 

DATOLITE.  Datholit  of  Werner.  Hiis 
spedes  is  divided  into  two  sub-species,  viz. 
Common  Datollte,  and  Botroidal  Datolite. 

1.  Common  DatotUe,  Colour  white  of 
various  shades,  and  greenish-grey,  inclining 
to  celadine-green.  It  occurs  in  large  coarse, 
and  small  granular  distinct  concretions,  and 
crystallized.  Primitive  form,  an  oblique 
four-sided  prism  of  lOd^  2&  and  70o  32'. 
The  prindpal  secondary  forms  are,  the  low 


oblique  four-aided  prism,  and  the  rectangu- 
lar four-sided  prism,  flatly  acuminated  <mI 
the  extremities,  with  four  planes  which  are 
set  on  the  lateral  planes.  Hie  crystals  are 
small  and  in  druses.  Lustre  shining  and 
resinous.  Cleavage  imperfect,  parallel  with 
the  lateral  planes  of  the  prism.  Fracture 
fine-grained,  uneven,  or  imperfect  conchot- 
dal.  Translucent  or  transparent.  Fully  as 
hard  as  apatite.  Very  brittle  and  diflScultly 
frangible.  Sp.  gr.  2.9.  When  exposed  to 
the  flame  of  a  candle  it  becomes  opaque,  and 
may  then  be  rubbed  down  between  the 
fingers.  Before  the  blowpipe  it  intumesces 
into  a  milk-white  coloured  nuiss,  and  then 
melts  into  a  globule  of  a  pale  rose  colour. 
Its  constituents  are,  by  Klaproth,  silica  36.5^ 
lime  35.5^  boracic  add  24o.O,  water  4^  trace 
of  iron  and  manganese.  It  is  associated 
with  large  foliated  granular  calcareous. spar, 
at  the  mine  of  Nodebroe,  near  Arendal  in 
Norway.  It  resembles  prehnite,  but  is  dis- 
tinguished by  resinous  lustre,  compact  frac- 
ture, inferior  hardness,  and  not  becoming 
electric  by  heating.— Jhm^xon. 

2.  Botroidal  JDatoliie.     See  BOTRYOUTE. 

DATURA.  A  supposed  vegeto^kali 
obtained  from  Datura  Stilamonictm. 

DEAD  SEA  WATER.  This  has  been 
often  analyzed.  (See  Table  of  Waters^ 
Mineral.)  M.  Gmelin  has  lately  pubUsh- 
ed  an  analysis,  interesting  from  his  detection 
of  brome  in  it.  The  following  are  his  re- 
sults :— Chloride  of  calcium  3.2141,  chloride 
of  magnesium  1 1.7734|  bromate  of  magnesia 
0.4393,  chloride  of  sodium  7^0777,  chloride 
of  potassium  1.6738,  muriate  of  alumina 
0.0896,  muriate  of  manganese  0.2117,  mu- 
riate of  ammonia  0.0075,  sulphate  of  lime 
a0527;  in  whole  of  saline  matter  24.5398 
•I-  water  75.4602. 

DECANTATION.  The  action  of  pour- 
ing (Mff  the  clearer  part  of  a  fluid  by  gently 
inclining  the  vessel  after  the  grosser  parts 
have  been  suffered  to  subside. 

DECOCTION.  The  operation  of  boil- 
ing. This  term  is  likewise  used  to  denote 
the  fluid  itself,  which  has  been  made  to  take 
up  certain  soluble  prindples  by  boiling, 
llius  we  say  a  decoction  of  the  bark,  or 
other  parts  of  vegetables,  of  flesh,  &c. 

DECOMPOSITION  is  now  understood 
to  imply  the  separation  of  the  component 
parts  or  prindples  of  bodies  from  each  other. 

The  decomposition  of  bodies  forms  a  very 
large  part  of  chemical  science.  It  seems 
probable,  from  the  operations  we  are  ac- 
quainted with,  that  it  seldom  takes  place  but 
in  consequence  of  some  combination  or  com- 
position having  been  effected.  It  would  be 
difficult  to  point  out  an  instance  of  the  se- 
paration of  any  of  the  prindples  of  bodies 
which  has  been  eff'ected,  unless  in  conse- 
quence of  some  new  combination.  The  only 
exceptions  seem  to  consist  in  those  separa- 


DBLPHINIA. 


394   DESTRUCTIVE  OISTIIXATIOX. 


tiooa  which  are  made  by  heat  and  voltaic 
«lectridty.  See  Analysis,  Gas,  Metals, 
Ores,  Salts,  Mineral  Waters. 

DECREPITATION.  The  crackling 
noise  which  several  salts  make  when  sudden- 
ly heated,  accompanied  by  a  violent  exfolia- 
tion of  their  particles.  This  phenomenon 
has  been  ascribed  to  the  *'  sudden  conversion 
of  the  water  which  they  contain  into  steam." 
But  the  very  example,  sulphate  of  baryta, 
to  which  these  words  are  applied,  is  the 
strongest  evidence  of  the  faliBeness  of  the 
explanation  ;  for  absolutely  dry  sulphate  of 
baryta  decrepitates  furiously,  without  any 
possible  formation  of  steam,  or  any  loss  of 
weight  The  same  thing  holds  with  r^^ard 
to  common  salt,  calcareous  spars,  and  sul- 
phate of  potash,  which  contain  no  water.  In 
fact,  it  is  the  nits  which  are  anhydrous,  or 
destitute  of  water,  which  decrepitate  most 
powerfully :  those  that  contsin  water  gen^ 
tally  enter  into  tranquil  liquefaction  on  being 
heated.  Salts  decrepitate,  for  the  same  rea- 
son that  glass,  quartz,  and  cast-iron  crack, 
with  an  explosive  force,  when  very  suddenly 
heated  ;  namely,  from  the  unequal  expansion 
of  the  laminae  which  compose  them,  in  con- 
sequence of  their  being  imperfect  conductors 
of  heaL  The  true  cleavage  of  minerals  may 
often  be  detected  in  this  way,  for  they  fly 
asunder  at  their  natural  fissures. 

DELPHINITE.     See  Pistacite. 

DELPHINI  A.  A  new  vegetable  alkali 
recently  discovered  by  MM.  Laasaigne  and 
Feneulle,  in  the  Deiphiniutn  staphysagria,  or 
Stavesacre.     It  is  thus  obtained  :— 

The  seeds,  deprived  of  their  husks,  and 
ground,  are  to  be  boiled  in  a  small  quantity 
of  distilled  water,  and  then  pressed  in  a  cloth. 
The  decoction  is  to  be  filtered,  and  boiled 
for  a  few  minutes  with  pure  magnesia.  It 
must  then  be  re-filtered,  and  the  residuum 
left  on  the  filter  is  to  be  well  washed,  and 
then  boiled  with  highly  rectified  alcohol, 
which  dissolves  out  the  alkalL  By  evapora- 
tion, a  white  pulverulent  substance,  present- 
ing a  few  crystalline  points,  is  obtained. 

It  may  also  be  procured  by  tbe  action  of 
dilute  sulphuric  acid  on  the  bruised  but  un- 
shelled  seeds.  The  solution  of  sulphate  thus 
formed  is  precipitated  by  suhcarbonate  of 
potash.  Alcohol  separates  from  this  preci- 
pitate the  vegetable  alkali  in  an  impure 
state. 

Pure  delphinia  obtained  by  the  first  process 
is  crystalline  while  wet,  but  becomes  opaque 
on  exposure  to  air.  Its  taste  is  bitter  and 
acrid.  When  heated  it  melts ;  and  on  cool- 
ing becomes  hard  and  brittle  like  resin.  If 
more  highly  heated,  it  blackens  and  is  decom- 
posed* Water  dissolves  a  very  small  portion 
of  it.  Alcohol  and  ether  dissolve  it  very 
readily.  Tbe  alcoholic  solution  renders  syrup 
of  violets  green,  and  restores  the  blue  tint  of 
litmus  reddened  by  an  add.     It  forms  solu- 


ble nentnd  salts  with  adds.  Alkalis  preei> 
pitate  the  delphinia  in  a  white  gelatinous  state^ 
like  alumina. 

Sulphate  of  delphinia  evaporates  in  the  air^ 
does  not  crystallise,  but  becomes  a  transparent 
mass  like  gum.  It  disacrives  in  alcohol  and 
water,  and  its  sdlution  has  a  bitter  acrid  taste. 
In  the  voltaic  drcuit  it  is  decomposed,  giving 
up  its  alkali  at  the  negative  pole. 

Nitrate  of  delphinia,  whoi  evi^iorated  to 
dryness,  is  a  yellow  crystalline^  mass.  If 
trested  with  excess  of  nitric  add,  it  becomes 
converted  into  a  yellow  matter,  little  soluble 
in  water,  but  soluble  in  boiling  alcohoL  This 
solution  is  bitter,  is  not  predpitated  by  potash, 
ammonia,  or  lime  water,  and  appears  to  con- 
tain no  nitric  add,  though  itself  is  not  alka- 
line. It  is  not  destroyed  by  further  quan- 
tities of  add,  nor  does  it  form  oxalic  add. 
Strychnia  and  morphia  take  a  red  colour 
from  nitric  add,  but  delphinia  never  does. 
The  muriate  is  very  soluble  in  water. 

The  acetate  of  delphinia  does  not  crystal- 
lize,  but  forms  a  hard  transparent  mass,  bitter 
and  acrid,  and  readily  decomposed  by  cold 
sulphuric  acid.  The  oxalate  forms  small 
white  plates,  resembling  in  taste  the  preced- 
ing salts. 

Delphinia,  caldned  with  oxide  of  oc^per, 
gave  no  other  gas  than  carbonic  add.  It  ex- 
ists in  the  seeds  of  the  stavesacre^  in  combi- 
nation with  malic  add,  and  associated  with 
the  following  prindples  :^1.  A  brown  bitter 
prindple,  precipitable  by  acetate  of  lead ;  2. 
Volatile  oil ;  S.  Fixed  oil ;  4.  Albumen ; 
6,  Animalixed  matter ;  6.  Mucus ;  7.  Sac- 
charine mucus ;  8.  Yellow  bitter  prindple, 
not  predpitable  by  acetate  of  lead ;  9.  Mi- 
neral salts.— -^nnale*  de  Chimie  et  de  Pky^ 
siqve,  vol.  xii.  p.  S58. 

DELIQUESCENCE.  The  spontane- 
ous assumption  of  tbe  fluid  state  by  certain 
saline  substances,  when  left  exposed  to  the 
air,  in  consequence  of  the  water  they  attract 
from  iL 

DEPHLEGMATION.  Any  method  by 
which  bodies  are  deprived  of  water. 

DEPHLOGISTICATED.  A  term  of 
the  old  chemistry,  implying  depnired  of  phlo- 
giston,, or  the  inflammable  prindple^  and 
nearly  synonymous  with  what  is  now  ex- 
pressed by  orygenatedt  or  oxidized, 

DEPHLOGISTICATED  AIR.  Oxy- 
gen  gas. 

DERBYSHIRE  SPAR.  A  combin». 
tion  of  calcareous  earth  with  a  peculiar  add 
called  the  FLUORIC,  which  see. 

DESICCATION  is  most  elegantly  ac- 
complished  by  means  of  the  air-pump  and 
sulphuric  add,  as  is  explained  under  Con- 
gelation. 

DESTRUCTIVE  DISTILLATION. 
When  organized  substances,  or  thdr  pro- 
ducts, are  exposed  to  distillation,  until  the 
whole  has  sulferedjdl  that  the  furnace  can 
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efi«ct»  the  proeen  ii  called  deatructiTe  dis- 
tUkrtaon. 

DETONATION.  A  sudden  combus- 
lion  and  explosion.  See  CoiausnON,  Ful- 
minating POWDRR8,  and  GuNPOWDEB. 

DEUTOXI  D£.  Any  definite  compound 
cootaining  two  prime  jHt^rtiona  of  oxjgen. 

DEW.  The  moisture  Insensibiy  depo- 
sited from  the  atmo^here  on  the  surface  of 
the  earth. 

Hie  first  fiicts  which  could  lead  to  the  just 
explanation  of  this  interesting,  and,  till  very 
lately,  inexplicable  natural  phenomenon,  are 
due  to  the  late  Mr  A.  Wilson,  professor  of 
astronomy  in  Glasgow,  and  his  son.  The 
first  stated,  in  the  Phil.  Trans,  for  1771,  that 
on  a  winter  night,  during  which  the  atmos- 
phere was  several  times  misty  and  clear  al- 
ternately, he  observed  a  thermometer,  sus- 
pended in  the  air,  always  to  rise  from  a  half 
to  a  whole  d^pree,  whenever  the  former  state 
began,  and  to  fall  as  much,  as  soon  as  the 
weather  became  serene.  Dr  Patrick  Wilson 
communicated,  in  1786,  to  the  Royal  Society 
of  Edinburi^,  a  valuable  paper  on  hoar-irost, 
which  was  published  in  the  first  volume  of 
their  Transactions.  It  is  replete  with  new 
and  valuable  observations,  whose  minute  ac- 
curacy subsequent  experience  has  confirmed. ' 
Dr  Wilson  had  preriously,  in  178  i,  described 
the  surface  of  snowf  during  a  clear  and  calm 
night,  to  be  16^  colder  ^an  air  two  ieet 
above  it ;  and  in  the  above  paper  he  shows, 
that  the  deposition  of  dew  and  hoar-frost  is 
uniformly  accompanied  with  the  production 
of  cold.  He  was  the  first  among  philoso- 
phical observers  who  noticed  this  conjunc- 
tion. But  the  different  force  with  which  dif- 
ferent surfaces  project  or  radiate  heat  being 
then  unknovns,  Dr  Wilson  could  not  trace 
the  phenomena  of  dew  up  to  their  ultimate 
source.  This  important  contribution  to  sci- 
ence has  been  lately  made  by  Dr  Wells,  in 
his  very  ingenious  and  masterly  essay  on 
dew. 

1.  Phenomena  of  Dew- 
Aristotle  justly  remarked,  that  dew  appears 
only  on  calm  and  clear  ni^ts.  Dr  Wells 
shows,  that  very  little  is  ever  deposited  in  op- 
ponte  circumstances ;  and  that  tiule  only  when 
the  clouds  are  very  high.  It  is  never  seen  on 
nights  both  cloudy  and  windy ;  and  if  in  the 
course  of  the  night  the  weaUier,  from  being 
serene^  should  become  dark  and  stormy,  dew 
which  had  been  deposited  will  disappear.  In 
calm  weather,  if  the  sky  be  partially  covered 
with  douds,  more  dew  will  appear  than  if  it 
were  entirely  uncovered. 

Dew  probably  begins  in  the  country  to 
appear  upon  grass,  in  places  shaded  from  the 
sun,  during  clear  and  calm  weather,  soon 
after  the  heat  of  the  atmosphere  has  declined, 
and  continues  to  be  deposited  through  the 
whole  night,  and  for  a  little  after  sunrise. 
.Its  quantity  will  depend  in  some  measure  on 


tiie  proportion  of  moisture  in  the  atmosphere, 
and  is  consequently  greater  after  rain  thaa 
after  a  long  tract  of  dry  weather;  and  in 
Europe,  with  southerly  and  westerly  winds, 
than  with  those  which  blow  from  the  north 
and  the  east  The  direction  of  the  sea  do- 
temdnes  this  relation  of  the  winds  to  dew. 
For,  in  Egypt,  dew  is  scarcely  ever  observed 
except  while  the  northerly  or  Etesian  winds 
prevaiL  Hence,  also,  dew  is  generally  more 
abundant  in  spring  and  autumn  than  in  sum- 
mer. And  it  is  always  very  copious  on  those 
clear  nights  which  are  followed  by  misty 
mornings,  which  show  the  air  to  be  loaded 
with  moisture.  And  a  clear  morning,  fol- 
lowing a  cloudy  night,  determines  a  plentiful 
deposition  of  the  retained  vapour.  When 
warmth  of  atmosphere  is  compatible  with 
clearness,  as  is  the  case  in  southern  latitudes, 
though  seldom  in  our  country,  the  dew  be- 
comes much  more  copious,  because  the  air 
then  contains  more  moisture.  Dew  continues 
to  form  with  increased  copiousness  as  the 
night  advances,  from  the  increased  refrigera- 
tion of  the  ground. 

2.   On  the  eau$e  of  Dew. 

Dew,  according  to  Aristotle,  is  a  species 
of  rain  formed  in  the  lower  atmosphere,  in 
consequence  of  its  moisture  being  condensed 
by  the  cold  of  the  night  into  minute  drc^M. 
Opinions  of  this  kind,  says  Dr  Wells,  are 
still  entertained  by  many  persons,  among 
whom  is  the  very  ingenious  Professor  Leslie. 
(Relat.  of  Hent  and  Moieture,  pp.  37.  and 
132.)  A  fact,  however,  first  taken  notice  of 
by  Gerstin,  who  published  his  treatise  on  dew 
in  1773,  proves  them  to  be  erroneous;  for 
he  found  that  bodies  a  little  elevated  in  the 
air  often  become  moist  with  dew,  while  simi- 
lar bodies,  lying  on  the  ground,  remain  dry, 
though  necessarily,  .from  their  position,  as 
liable  to  be  wetted,  by  whatever  falls  from 
the  heavens,  as  the  former.  The  above  no- 
tion is  perfectly  refuted  by  what  will  pre- 
sently appear  relative  to  metallic  surfaces  ex- 
posed to  tlie  air  in  a  horisontal  position,  which 
remain  dry,  while  every  thing  around  them 
is  covered  with  dew. 

After  a  long  period  of  drought,  when  the 
air  was  very  still  and  the  sky  serene,  Dr 
Wells  e&posed  to  the  sky,  28  minutes  before 
sunset,  previously  weighed  parcels  of  wool 
and  swandown,  upon  a  smootli,  unpainted, 
and  perfectly  dry  fir  table,  five  feet  long, 
three  broad,  and  nearly  three  in  height,  which 
had  been  placed  an  hour  before  in  the  sun- 
shine, in  a  large  level  grass  field.  The  wool, 
twelve  minutes  after  sunset,  was  found  to  be 
14°  colder  than  the  air,  and  to  have  acquired 
no  weight.  The  swandown,  the  quantity  of 
which  was  much  greater  than  that  of  the 
wool,  was  at  the  same  time  139  colder  than 
the  air,  and  was  also  without  any  additional 
weight.  In  twenty  minutes  more,  the  swan- 
down was  14-}^  colder  than  the  neighbour- 
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ing  air,  and  was  still  without  any  increase  of  to  its  acquiring  its  utmost  ooolnesi^  and  a 

its  weight.     At  the  same  time  the  grass  was  full  deposite  of  dew.   Gravel  walks  and  pav^ 

15^  colder  than  the  air  four  feet  above  the  ments  project  heat,  and  acquire  dew  less  readi- 

ground.  ly  than  a  grassy  surface.   Hence,  wool  placed 

Dr  Wells,  by  a  copious  induction  of  facts,  on  the  former  has  its  temperature  less  de* 

derived  from  observation  and   experiment,  pressed  than  on  the  latter,  and  therefore  is 

establishes  the  proposition,   thai  bodtet  be"  less  bedewed.     Nor  does  the  wool  here  at- 

come  colder  than  the  neighbouring  air  BEFOBS  tract  moisture  by  capillary  action  on  the 

they  are  dewed.     Tlie  cold,  therefore,  which  grass,  for  the  same  dfect  happens  if  it  ba 

Dr  Wilson  and  Mr  Six  conjectured  to  be  the  placed  in  a  saucer.    Nor  is  it  by  hydrometric 

effect  of  dew,  now  appears  to  be  its  cause,  attraction ;  for,  in  a  cloudy  night,  wool  placed 

But  what  makes  the  terrestrial  surface  colder  on  an  elevated  board  acquired  scarcely  any 

than  the  atmosphere  ?    Tlie  radiation  or  pro-  increase  of  weight. 

jection  of  heat  into  free  space.  Now  the  re-  If  wool  be  insulated  a  few  feet  from  the 
searches  of  Professor  Leslie  and  Count  Rum-  ground  on  a  bad  conductor  of  heat,  as  a 
ford  have  demonstrated,  that  different  bodies  board,  it  will  become  still  colder  than  whea 
project  heat  with  very  different  degrees  of  in  contact  with  the  earth,  and  acquire  fully 
force.  more  dew  than  on  the  grass.  At  the  wind- 
In  the  operation  of  this  principle,  there-  ward  end  of  the  board,  it  is  less  bedewed  than 
fore,  conjoined  with  the  power  of  a  concave  at  the  sheltered  end,  because,  in  tlie  former 
mirror  of  cloud,  or  any  other  awning,  to  case,  its  temperature  is  nearer  to  that  of  the 
reflect  or  throw  down  again  those  calorific  atmosphere.  Rough  and  porous  surfaces,  as 
emanations  which  would  be  dissipated  in  a  shavingsof  wood,  take  more  dew  than  smooth 
clear  sky,  we  shall  find  a  solution  of  tlie  most  and  solid  wood ;  and  raw  silk  and  fine  cotton 
mysterious  phenomena  of  dew.  Two  circum-  are  more  powerful  in  thu  respect  than  even 
stances  must  here  be  considered :—  wool.     Glass  projects  heat  rapidly,  and  is  as 

1.  The  exposure  of  the  particular  surface  rapidly  coated  with  dew.  But  bright  metals 
to  be  dewed,  to  the  free  aspect  of  the  sky.  attract  dew  much  less  powerfully  than  other 

2.  The  peculiar  radiating  power  of  the  bodies.  If  we  coat  a  piece  of  glass  partially, 
surface.  1.  Whatever  diminishes  the  view  of  with  bright  tin-foil  or  silver  leaf,  the  unco- 
the  sky,  as  seen  from  the  exposed  body,  ob-  vered  portion  of  the  glass  quickly  becomes 
atnicts  the  depression  of  its  temperature,  and  cold  by  radiation,  on  exposure  to  a  dear  noc- 
occasions  the  quantity  of  dew  formed  upon  tumal  sky,  and  acquires  moisture ;  which, 
it  to  be  less  than  would  have  occurred,  if  the  beginning  on  those  parts  most  remote  from 
exposure  to  the  sky  had  been  complete.  the  metal,  gradually  approaches  it.     Thus 

Dr  Wells  bent  a  sheet  of  pasteboard  into  also,  if  we  coat  outwardly  a  portion  of  a  win- 
the  shape  of  a  penthouse,  making  the  angle  dow  pane  with  tin-foil,  in  a  clear  night,  then 
of  flexure  90  degrees,  and  leaving  both  ends  moisture  will  be  deposited  inside,  on  every 
open.  This  was  placed  one  evening  with  its  part  except  opposite  to  the  metal.  But  iSf 
ridge  uppermost,  upon  a  grass  plat  in  the  the  metal  be  inside,  then  the  glass  under  and 
direction  of  the  wind,  as  well  as  this  could  beyond  it  will  be  sooner  or  most  copiously 
be  ascertained.  He  then  laid  10  grains  of  bedewed.  In  the  first  case,  the  tin-foil  pre- 
white,  and  moderately  fine  wool,  not  artifi-  vents  the  glass  under  it  from  dissipating  its 
dally  dried,  on  the  middle  part  of  that  spot  heat,  and  therefore  it  can  recdve  no  dew ;  in 
of  the  grass  which  was  sheltered  by  the  roof,  the  second  case,  the  tin-foil  prevents  the  glass 
and  the  same  quantity  on  another  part  of  the  which  it  coats  from  receiving  the  calorific 
grass  plat,  fully  exposed  to  the  sky.  In  the  influence  of  the  apartment,  and  hence  it  is 
morning  the  sheltered  wool  was  found  to  sooner  refrigerated  by  external  radiation  than 
have  increased  in  wdgbt  only  two  grains,  but  the  rest  of  the  pane.  Gold,  silver,  copper, 
that  which  had  been  exposed  to  the  sky  six-  and  tin,  bad  radiaton  of  heat,  and  excellent 
teen  grains.  He  varied  the  experiment  on  conductors,  acquire  dew  with  greater  difll- 
the  same  night,  by  placing  upright  on  the  culty  than  platina,  which  is  a  more  imperfect 
grass  plat  a  hollow  cylinder  of  baked  day,  conductor ;  or  than  lead,  sine,  and  steel, 
one  foot  diameter,  and  two  and  a  half  feet  which  are  better  radiators, 
high.  On  the  grass  round  the  outer  edge  of  Hence,  dew  which  has  formed  upon  a 
the  cylinder,  were  laid  ten  grains  of  wool,  metal  will  often  disappear,  while  other  sub- 
whicb  in  this  situation,  as  there  was  not  the  stances  in  the  neighbourhood  remain  wet ; 
least  wind,  would  have  recdved  as  much  rain  and  a  metal,  purposely  moistened,  will  be- 
as  a  like  quantity  of  wool  fully  exposed  to  come  dry,  while  neighbouring  bodies  are  ac- 
the  sky.  But  the  quantity  of  moisture  ac-  quiring  moisture.  This  repulsion  of  dew  is 
quired  by  the  wool  partially  screened  by  Uie  communicated  by  metals  to  bodies  in  contact 
cylinder  from  the  aspect  of  the  sky,  was  only  with  or  near  them.  Wool  Idd  on  metal  ae- 
about  two  gnuns,  while  that  acquired  by  the  quires  less  dew  than  wool  laid  on  the  conti- 
same  quantity  fully  exposed,  was  sixteen  guous  grass, 
grains.     Repose  of  a  body  seems  necessary         If  the  night  becomes  cloudy,  after  having 
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been  very  dear,  though  there  be  no  change 
with  respect  to  calmneasy  a  condderable  al- 
tenrtioo  in  the  temperature  of  the  grass  al- 
ways ensues.  Upon  one  such  night,  the 
grass,  after  having  been  12^  colder  than  the 
■ir»  became  only  29  colder;  the  atmospheric 
temperature  being  the  same  at  both  observa- 
tions. On  a  second  night,  grass  became  9^ 
vrarmer  in  the  space  of  an  hour  and  a  half. 
On  a  third  night,  in  less  than  forty-five  mi- 
nutes, the  temperature  of  the  grass  rose  15^, 
while  that  of  the  neighbouring  air  increased 
only  3^^.  During  a  fourth  night,  the  tem- 
perature of  the  grass,  at  half-past  nine 
o'clock,  was  329,  In  twenty  minutes  after- 
wards, it  was  found  to  be  39^,  the  sky  in  the 
mean  time  having  become  cloudy.  At  the 
end  of  twenty  minutes  more,  the  sky  being 
clear,  the  temperature  of  the  grass  was  again 
38^.  A  thermometer  lying  on  a  grass  plat 
will  sometimes  rise  several  degrees,  when  a 
cloud  comes  to  occupy  the  lenith  of  a  clear 

When,  during  a  clear  and  still  night,  dif- 
ferent thermometers,  placed  in  different  situa- 
tions, were  examined  at  the  same  time,  those 


which  were  situated  where  most  dew  was 
formed  were  always  found  to  be  the  lowest. 
On  dewy  nights  the  temperature  of  the  earth, 
half  an  inch  or  an  inch  beneath  the  surface^ 
is  always  found  much  wanner  than  the  grass 
upon  i^  or  the  air  above  it.  The  differences 
on  five  such  nights  were  from  18  to  16  d&> 
grees. 

In  making  experiments  with  thermometers 
it  is  necessary  to  coat  their  bulbs  with  silver 
or  gold  leaf,  otherwise  the  glassy  surface  in- 
dicates a  lower  temperature  than  that  of  the 
air,  or  the  metallic  plate  it  touches.  Swan- 
down  seems  to  exhibit  greater  cold,  on  ex- 
posure to  the  aspect  of  a  clear  sky,  than  any 
thing  else.  When  grass  is  14°  below  the  at- 
mospheric temperature,  swandown  is  com- 
monly 15°.  Fresh  unbroken  straw  and  shreds 
of  paper  rank  in  this  respect  with  swandown. 
Charcoal,  lamp-black,  and  rust  of  iron,  are 
also  very  productive  of  cold.  Snow  stands  4^ 
or  5°  higher  than  swandown  laid  upon  it  in 
a  clear  night. 

The  following  tabular  riew  of  observations 
by  Dr  Wells  is  peculiarly  instructive :«- 
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5^ 
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Heat  of  the  air  4  leet  above  the  grass, 
^— .—  wool  on  a  raised  board, 
■  swandown  on  the  sam^ 

'  surface  of  tlie  raised  board, 

grass  plat, 
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Tlie  temperature  always  falls  in  clear 
nights,  but  the  deposition  of  dew,  depending 
on  the  moisture  of  the  air,  may  occur  or  not. 
Now,  if  cold  were  the  effect  of  dew,  the  cold 
connected  with  dew  ought  to  be  always  pro- 
portional to  the  quantity  of  that  fluid ;  but 
this  is  contradicted  by  experience.  On  the 
other  hand,  if  it  be  granted  that  dew  b  water 
precipitated  from  the  atmosphere  by  the  cold 
of  the  body  on  which  it  appears,  tlie  same  de- 
gree of  cold  in  the  precipitating  body  may  be 
attended  with  much,  with  little^  or  with  no 
dew,  according  to  the  existing  state  of  the  air 
in  r^ard  to  moisture ;  all  of  which  circum- 
stances are  found  really  to  Uke  place.  Tlie 
actual  precipitation  of  dew,  indeed,  ought  to 
evolve  heat. 

A  very  few  degrees  of  difference  of  tem- 
perature between  the  grass  and  the  atmos- 
phere b  sufficient  to  determine  the  formation 
of  dew,  when  the  air  is  in  a  proper  state. 
But  a  difference  of  even  30°,  or  more,  some- 
times exists,  by  the  radiation  of  heat  from 
the  earth  to  the  heavens.  And  hence,  the 
air  near  the  refrigerated  surface  must  be 
colder  than  that  somewhat  elevated.  Agree- 
ably to  Mr  Six*s  observations,  the  atmos- 
phere, at  the  height  of  220  feet,  is  often, 
upon  such  nights,  10^  wanner  than  what  it 


is  seven  feet  above  the  ground.  And  had 
not  the  lower  air  thus  imparted  some  of  its 
heat  to  the  surface,  the  latter  would  have 
been  probably  i/09  under  the  temperature  of 
the  air. 

Insulated  bodies,  or  prominent  points,  are 
sooner  covered  with  hoar-frost  and  dew  than 
others ;  because  the  equilibrium  of  dieir  tem- 
perature is  more  diflScult  to  be  restored.  As 
aerial  stillness  is  necessary  to  the  cooling 
effect  of  radiation,  we  can  understand  why 
the  hurtful  effSects  of  cold,  heavy  fogs,  and 
dews,  occur  chiefly  in  hollow  and  confined 
places,  and  less  frequently  on  hills.  In  like 
manner,  the  leaves  of  trees  often  remain  dry 
throughout  the  night,  while  the  blades  c^ 
grass  are  covered  with  dew. 

No  direct  experiments  can  be  made  to  as- 
certain the  manner  in  which  clouds  prevent 
or  lessen  the  appearance  of  a  cold  at  night, 
upon  the  surface  of  the  earth,  greater  than 
that  of  the  atmosphere.  But  it  may  be  con- 
cluded from  the  preceding  observations,  that 
they  produce  this  effect  almost  entirely  by 
radiating  heat  to  the  earth,  in  return  for  that 
which  they  intercept  in  its  progp-ess  from  the 
eartli  towards  the  heavens,  llie  heat  extri- 
cated by  the  condensation  of  transparent  va- 
pour into  cloud  must  soon  be  dissipated; 
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whereas,  the  effect  of  greatl j  leswuing,  or  their  putrefaction.     As  this  is  ipi  to  faapperf 

preventing  altogether,   the  appearance  of  a  only  in  dear  nights,  it  was  andently  siippos' 

greater  cold  on  the  esirth  than  that  of  the  air,  ed  that  bright  moonshine  fiiTOared  animal 

will  be  produced  by  a  cloudy  sky  during  the  corruption, 
whole  of  a  long  night  From  this  rapid  emission  of  heat  from  the 

We  can  thus  explain  in  a  more  satisfactory  surface  of  the  ground,  we  can  now  ezpbdii 
manner  tlion  has  usually  been  done,  the  sucU  the  formation  of  ice  during  the  night  in  Ben* 
den  warmth  that  is  felt  in  winter,  when  a  gal,  while  the  temperature  of  the  air  is  above 
fleece  of  clouds  supervenes  in  clear  frosty  3S9,  The  nights  most  favourable  for  this 
weather.  Chemists  ascribed  this  sudden  and  effect  are  those  which  are  the  calmest  and 
powerful  change  to  the  disengagement  of  the  most  serene,  and  on  which  the  air  b  so  dry 
latent  heat  of  the  condensed  vapours;  but  as  to  deposit  little  dew  after  midnight.  Clouds 
Dr  Wells's  thermometric  observations  on  the  and  frequent  changes  of  wind  are  certain  pre- 
sudden  alternations  of  temperature  by  cloud  ventives  of  congelation.  300  persons  are  em^ 
and  clearness,  render  that  opinion  untenable,  ployed  in  this  operation  at  one  place.  Tbc 
We  find  the  atmosphere  itself,  indeed,  at  enclosures  formed  on  the  ground  are  four  or 
moderate  elevations,  of  pretty  uniform  tem-  five  feet  wide,  and  have  walls  only  four  inches 
perature,  while  bodies  at  the  surface  of  the  high.  In  these  enclosures,  previously  bedded 
ground  suffer  great  variations  in  their  tern-  with  dry  straw,  broad,  shallow,  unglaaed 
perature.  Tliis  single  fact  is  fatal  to  the  earthen  pans  are  set,  containing  unboBed 
hypothesis  derived  from  the  doctrines  of  la-  pump-water.  Wind,  which  so  greatly  pro- 
tent  heaL  motes  evaporation,  prevents  the  fheering  alto- 

«  I  had  often,"  says  Dr  WeUs,  **  smiled,  gether,  and  dew  forms  in  a  greater  or  less 

in  the  pride  of  half  knowledge,  at  the  means  degree  during  the  whole  of  the  nights  moat 

frequently  employed  by  gardeners  to  protect  productive  of  ice.     If  evaporation  were  ooo^ 

tender  plants  from  cold,  as  it  appeared  to  me  oemed  in  the  congelation,  wetting  the  straw 

impossible  that  a  thin  mat,  or  any  such  flimsy  would  promote  it.     But  Mr  Williams,  in  the 

substance,  could  prevent  them  from  attain-  83d  vol.  of  the  PhiL  Trans,  says,  that  it  is 

ing  the  temperature  of  the  atmosphere,  by  neceuary  to  the  success  of  the  process  that 

which  alone  I  thought  them  liable  to  be  in-  the  straw  be  dry.     In  proof  of  this  he  men- 

jured.     But  when  I  had  learned,  that  bodies  tions,  that  when  the  straw  becomes  wet  by 

on  the  surface  of  die  earth  become,  during  a  accident,  it  is  renewed ;  and  that  when  he 

still  and  serene  night,  colder  than  the  atmos-  purposely  wetted  it  in  some  of  the  enclosures, 

phere,  by  radiating  their  heat  to  the  heavens,  the  formation  of  ice  there  was  always  pre- 

I  perceived  immediately  a  just  reason  for  the  vented.    Moist  straw  both  conducts  heat  and 

practice  which  I  had. before  deemed  useless,  raises  vapour  from  the  ground,  so  as  to  ob- 

Being  desirous,  however,  of  acquiring  some  struct  the  congelation.      According  to  Mr 

precise  information  on  this  subject,  I  fixed  Leslie,  water  stands  at  the  head  of  radiating 

perpendicularly,  in  the  earth  of  a  grass  plat,  substances.     See  Calokic. 
four  small  sticks,  and  over  their  upper  ex-         DIALLAGE.     A  speeies  of  the  genus 

tremities,  which  were  six  inches  above  the  SchiUer  spar.     Diallage  has  a  graas-greea 

grass,  and  formed  the  comers  of  a  square  colour.     It  occurs  massive  or  dissoninated. 

whose  sides  were  two  feet  long,  I  drew  tight-  Lustre  glistening  and  pearly.    Cleavage  im- 

ly  a  very  thin  cambric  handkerchief.    lo  this  perfect  double.     Translucent     Harder  than 

disposition  of  things,  therefore,  nothing  ex-  fluor-spar.     Brittle.     Sp.  gr.  3. 1.     It  melts 

isteid  to  prevent  the  free  passage  of  air  from  before  the  blowpipe  into  a  grey  or  greenish 

the  exposed  grass  to  that  which  was  sheltered,  enamel.     Its  constituents  are,  50  silica,  1 1 

except  the  four  small  sticks,  and  there  was  no  alumina,  6  magnesia,  13  lime,  5.3  oxide  of 

substance  to  radiate  downwards  to  the  latt^  iron,    1.5   oxide  of  copper,    7.5  oxide  of 

grass,  except  tlie  cambric  handkerchief."  chrome.—-  Vauquelin,    It  occurs  in  the  island 

The  sheltered  grass,  however,  was  found  of  Corsica,  and  in  Mont  Rosa  in  Switxerland, 

nearly  of  the  same  temperature  as  the  air,  along  with  saussurite.      It  is  the  verde  di 

while  the  unsheltered  was  5°  or  more  colder.  Conica  duro  of  artists,  by  whom  it  is  fashioo- 

One  night  the  fully  exposed  grass  was  IP  ed  into  ring-stones  and  snuff^wxes.     It  is 

colder  than  the  air ;  but  the  sheltered  grass  the  snoaragdite  of  Saussur«. 
was  only  3^  colder.    Hence  we  see  the  power         The  diallage  in  tlie  rock  is  called  gabhro, 
of  a  very  slight  awning  to  avert  or  lessen  the         DIAMOND.     Colours  white  and  grey, 

injurious  coldness  of  the  ground.     To  have  also  red,  brown,  yellow,  green,  blue,  and 

the  full  advantage  of  such  protection  from  black.     Tlie  two  last  are  rare.     When  cut  it 

the  chill  aspect  of  the  sky,   the  covering  exhibits  a  beautiful  play  of  colours  in  the 

should  not  touch  the  subjacent  bodies.    Gar-  sunbeam.     It  occurs  in  rolled  pieces,  and 

den  walls  act  partly  on  the  same  principle,  also  crystallized,^lst.  In  the  octohedron,  in 

Snow  screens  plants  from  this  chilling  radia-  which  each  plane  is  inclined  to  tlie  adjacent, 

tion.     In  warm  climates,  the  deposition  of  at  an  angle  of  109^  28^  16^'.     Tlie  faces  are 

dewy  moisture  on  animal  substances  hastens  usually  curvilinear.    Thb  is  the  fundamental 
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figureb  2d»  A  simple  tfaree-aid«d  pymaid, 
truncated  on  all  tb«  angles.  3d,  A  segment 
of  the  octohedron,  4th,  Twin  crystaL  5th, 
Octohedron,  with  all  the  edges  truncated. 
6th,  Octohedron,  flatly  berelled  on  all  the 
edges.  7th,  Rhomboidal  dodecahedron.  8th, 
Octohedron  with  convex  faces,  in  which  each 
is  divided  into  three  triangular  ones,  forming 
altogether  24  faces.  9Ui,  Octohedron,  in 
which  each  convex  face  is  divided  into  six 
planes,  forming  48  in  alL  lOtb,  Rhomboi- 
dal dodecahedron,  with  diagonally  broken 
planes.  1 1th,  A  flat  double  three-sided  py- 
ramid. 12th,  Very  flat  double  three-sided 
pyramid,  with  cylindrical  convex  faces.  1 3th, 
Very  fl»fc  double  six-sided  pyramid.  14th, 
Cube  truncated  on  the  edges.  Crystal  smalL 
Surface  rough,  uneven,  or  streaked.  Lustre 
splendent,  and  internally  perfect  adamantine. 
Cleavage  octahedral,  or  parallel  to  the  sides 
of  an  octohedron.  Foliated  structure.  Frag- 
ments octohedral  or  tetrahedral.  Semitrans- 
parent.  Refracts  single.  Scratches  all  known 
minerals.  Rather  easily  frangible.  Streak 
grey.  Sp.  gr.  3.4  to  3.6.  It  consists  of  pure 
carbon,  as  we  shall  presently  demonstrate^ 
When  rubbed,  whether  in  the  rough  or  po- 
lished state,  it  shows  positive  electricity; 
whereas  rough  quartz  affords  negative.  It 
becomes  phosphorescent  on  exposure  to  the 
sun  or  the  electric  spark,  and  shines  with  a 
fiery  light.  In  ito  power  of  reftvcting  light  it 
is  exoMded  only  by  red  lead  ore,  and  orpi- 
ment  It  reflects  all  the  light  falling  on  its 
posterior  surface  at  an  angle  of  incidence 
greater  than  24^  13^,  whence  its  great  lustre 
is  derived.  Artificial  gems  reflect  the  half 
of  this  light.  It  occurs  in  imbedded  grains 
and  crystals  in  a  sandstone  in  Brazil,  which 
rests  on  chlorite  and  clay-slate.  In  India 
the  diamond  bed  of  clay  is  underneath  beds 
of  red  or  bluish-blsck  day ;  and  also  in  allu- 
vial tracts  both  in  India  and  Brazil.  For 
the  mode  of  working  diamond  mines,  and 
cutting  and  polishing  diamonds,  consult  Jo- 
meton*t  MineraHog^t  voL  i.  p.  11. 

The  diamond  is  the  most  valued  of  all 
minerals.     Dr  Wollaston  has  explained  the* 
cutting  principle  of  glaziers*  diamonds,  with 
his  accustomed  sagacity,  in  the  Phil.  Trans, 
for  1816. 

The  weight,  and  consequently  the  value  of 
diamonds,  is  estimated  in  carats,  one  of  which 
is  equal  to  four  grains ;  and  the  price  of  one 
diamond,  compared  to  that  of  another  of  equal 
colour,  transparency,  purity,  form,  &c  is  as 
the  squares  of  the  respective  weights.  The 
average  price  of  rough  diamonds  that  are 
worth  working,  is  about  £.2  for  the  first 
carat  The  value  of  a  cut  diamond  being 
equal  to  that  of  a  rough  diamond  of  double 
weight,  exclusive  of  the  price  of  workman- 
ship, the  cost  of  a  wrought  diamond  of 
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This  rule,  however,  is  not  extended  to  dia- 
monds of  more  than  20  carats.  The  Uirger 
ones  are  disposed  of  at  prices  inferior  to  their 
value  by  that  computation.  The  snow-white 
diamond  is  most  highly  prized  by  the  jewel- 
ler. If  transparent  and  pure,  it  is  said  to  be 
of  the  first  water. 

Tlie  carat  grain  is  different  from  the  Troy 
grain.  156  carats  make  up  the  weight  of 
one  oz.  Troy ;  or  612  diamond  grains  are 
contained  in  the  IVoy  ounce. 

From  the  high  refractive  power  of  the  dia- 
mond, MM.  Biot  and  Arago  supposed  that 
it  might  contain  hydrogen.  Sir  H.  Davy, 
from  the  action  of  potassium  on  it,  and  its 
non-conduction  of  electricity,  suggested  in 
his  third  Bakerian  lecture,  that  a  minute  por- 
tion of  oxygen  might  exist  in  it ;  and  in  his 
new  experiments  on  the  fluoric  compounds 
he  threw  out  the  idea,  that  it  might  be  the 
carbonaceous  principle,  combined  with  some 
new,  light,  and  subtle  element,  of  the  oxy- 
genous and  chlorine  class. 

This  excellent  chemist,  during  his  resi- 
dence at  Florence  in  March  1814^  made  se- 
veral experiments  on  the  combustion  of  the 
diamond  and  of  plumbago^  by  means  of  the 
great  lens  in  the  cabinet  of  natural  history ;  the 
same  instrument  as  that  employed  in  the  first 
trials  on  the  action  of  the  solar  heat  on  the 
diamond,  instituted  in  1694  by  Cosmo  III. 
Grand  Duke  of  Tuscany.  He  subsequently 
made  a  series  of  researches  on  the  combus- 
tion of  different  kinds  of  charcoal  at  Rome. 
His  mode  of  investigation  was  peculiarly 
elegant,  and  led  to  the  most  decisive  result 

He  found  that  diamond,  when  strongly 
ignited  by  the  lens  in  a  thin  capsule  of  pl»> 
tinum,  perfcnated  with  many  orifices  so  as 
to  admit  a  free  circulation  of  air,  continued 
to  bum  with  a  steady  brilliant  red  light, 
visible  in  the  brightest  sunshine,  afVer  it  was 
withdravm  from  the  focus.  Some  time  after 
the  diamonds  were  removed  out  of  the  focus, 
indeed,  a  wire  of  platina  tliat  attached  them 
to  the  tray  was  fused,  though  their  weight 
was  only  1.84  grains.  Hin  apparatus  con- 
sisted of  clear  glass  globes  of  the  capacity  of 
from  14  to  40  cubic  inches,  having  single 
apertures  to  which  stopcocks  were  attached. 
A  small  hollow  cylinder  of  platinum  was  at- 
tached to  one  end  of  the  stopcock,  and  was 
mounted  witli  the  little  perforated  capsule 
for  containing  the  diamond.  When  the  ex- 
periment was  to  be  made,  the  globe,  contain- 
ing the  capsule  and  the  substance  to  be  burn- 
ed, was  exhausted  by  an  excellent  air-pump, 
and  pure  oiygen,  from  chlorate  of  potasfa* 
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was  then  introduced.  The  change  of  to- 
lume  in  the  gas  after  combustion  was  esti- 
nuited  by  means  of  a  fine  tube  connected 
with  a  stopcock,  adapted  by  a  proper  screw 
to  the  stopcock  of  the  globe ;  and  the  ab- 
sorption was  judged  of  by  the  quantity  of 
mercury  that  entered  the  tube,  which  afforded 
a  measure  so  exact,  that  no  alteration  how- 
ever minute  could  be  overlooked.  He  had 
previously  satisfied  himself  that  a  quantity  of 
mobture,  less  than  1-IOOth  of  a  grain,  is 
rendered  evident  by  deposition  on  a  polished 
surface  of  glass ;  for  a  piece  of  paper  weigh- 
ing one  grain  was  introduced  into  a  tube  of 
about  four  cubic  inches  capacity,  whose  exte- 
rior was  slightly  heated  by  a  candle.  A  dew 
was  immediately  perceptible  on  the  inside 
of  the  glass,  though  the  paper,  when  weigh- 
ed in  a  balance  turning  with  1-lOOtb  of  a 
grain,  indicated  no  appreciable  diminution. 

The  diamonds  were  always  heated  to  red- 
ness before  they  were  introduced  into  the  cap- 
sule. During  their  combustion,  the  glass 
globe  was  kept  cool  by  the  application  of 
water  to  that  part  of  it  immediately  above  the 
capsule^  and  where  the  heat  was  greatest 

From  the  results  Jot  his  different  experi- 
ments, conducted  with  the  most  unexception- 
able precision,  it  is  demonstrated,  that  dia- 
mond affords  no  other  substance  by  its  com- 
bustion than  pure  carbonic  acid  gas ;  and  that 
the  process  is  merely  a  solution  of  diamond 
in  oxygen,  without  any  change  in  the  volume 
of  the  gas.  It  likewise  appears,  that  in  the 
combustion  of  the  different  kinds  of  char- 
coal, water  is  produced ;  and  that  from  the 
diminution  of  the  volume  of  the  oxygen  there 
is  every  reason  to  believe,  that  the  water  is 
formed  by  the  combustion  of  hydrogen  exist- 
ing in  strongly  ignited  charcoal.  As  the 
charcoal  from  oil  of  turpentine  left  no  resi- 
duum, no  other  cause  but  the  presence  of  hy- 
dn^n  can  be  assigned  for  the  diminution 
occasioned  in  the  volume  of  the  gas  during 
its  combustion. 

Tbe  only  chemical  difference  perceptible 
between  diamond  and  the  purest  charcoal  is, 
that  the  last  contains  a  minute  portion  of 
hydrogen  ;  but  can  a  quantity  of  an  element, 
less  in  some  cases  than  l-50,000th  part  of  the 
weight  of  the  substance,  occasion  so  great  a 
difference  in  physical  and  chemical  characters? 
Tlie  opinion  of  Mr  Tennant,  that  the  diffe- 
rence depends  on  crystallization,  seems  to 
be  correcL  Transparent  solid  bodies  are  in 
general  non-conductors  of  electricity ;  and  it 
u  probable  that  the  same  corpuscular  arrange- 
ments which  give  to  matter  the  power  of 
transmitting  and  polarizing  light,  are  likewise 
connected  with  its  relations  to  electricity. 
Thus  water,  the  hydrates  of  the  alkalis,  and  a 
number  of  other  bodies  which  are  conductors 
of  electricity  when  fluid,  become  non-con- 
ductors in  their  crystallized  form. 

That  charcoal  is  more  inflammable  than  the 


diamond,  may  be  explained  from  the  loose- 
ness of  its  texture,  and  from  the  hydrogen  it 
contains.  But  the  diamond  appears  to  bum 
in  oxygen  vrith  as  much  facility  as  plumbago, 
so  that  at  least  one  distinction  supposed  to 
exist  between  the  dianoond  and  common  car- 
bonaceous substances  is  done  away  by  these 
researches.  Hie  power  possessed  by  certain 
carbonaceous  substances  of  absorbing  gaaeSy 
and  separating  colouring  matters  from  fluids^ 
u  probably  mechanical,  and  dependent  on 
their  porous  organic  structure ;  for  it  belongs 
in  the  hi^est  d^ree  to  v^eti^le  and  •mmf^^ 
charcoal,  and  it  does  not  exist  in  plumbagOj, 
coak,  or  anthracite. 

The  nature  of  the  chemical  difference  be- 
tween the  diamond  and  other  caitKHiaceous 
substances  may  be  demonstrated  by  igniting 
them  in  chlorine,  when  muriatic  add  is  pro- 
duced from  the  latter,  but  not  from  the  for- 
mer. 

Tlie  visible  add  vapour  is  owing  td  the 
moisture  present  in  the  chlorine  uniting  to  the 
dry  muriatic  gas.  But  charcoal,  after  being 
intensely  ignited  in  chlorine,  is  not  altered  in 
.its  conducting  power  or  colour.  This  cir- 
cumstance is  in  favour  of  the  opinion,  that 
the  minute  quantity  of  hydrogen  is  not  the 
cause  of  the  great  difference  between  the 
physical  properties  of  the  diamond  and  char- 
coaL 

It  does  not  appear  that  any  sum  exceeding 
one  hundred  and  fifty  thousand  pounds  has 
been  given  for  a  diamond. 

DIASPORE.  This  rare  mineral  has 
been  found  in  a  mass  consisting  of  slightly 
curvilinear  laminae  of  a  shining  peariy  lustre^ 
and  greenish-grey  colour ;  as  also  in  cellular 
masses,  composed  of  slender  crystals  of  a 
pearly  lustre.  Brown  externally,  but  per- 
fectly transparent  and  colourless  in  thin  la- 
minse.  By  the  heat  of  a  candle  it  crackles 
and  is  disjtersed  in  minute  fragments,  whence 
its  name  Diaspore.  It  scratches  glass.  Sp. 
grav.  3.43,  It  consists  of,  alumina  80,  w»- 
ter  17,  iron  0.3.— rau^ti^/iii.  The  biown 
variety  consists,  according  to  Mr  Children, 
of  alumina  76.06,  protoxide  of  iron  7.78^ 
water  14.7,  loss  1.46. 

DICHROITE.     See  louTE. 

DIGESTER.  A  strong  and  tight  kettle 
of  iron  or  copper,  furnished  with  a  valve  of 
safety,  in  which  bodies  may  be  subjected  to 
the  vapour  of  water,  alcohol,  or  ether,  at  a 
pressure  above  that  of  the  atmosphere.   . 

DIGESTER.  The  digester  is  an  instru- 
ment invented  by  M.  Papin  about  the  be- 
ginning of  the  last  century.  It  is  a  strong 
vessel  of  copper  or  iron,  with  a  cover  adapt- 
ed to  screw  on  with  pieces  of  felt  or  paper 
interposed.  A  valve  with  a  small  aperture 
is  made  in  the  cover,  the  stopper  of  which 
valve  may  be  more  or  less  loaded,  dther  by 
actual  wdgbts,  or  by  pressure  from  an  i^ 
paratus  on  tlie  principle  of  the  steelyard. 
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Tbe  purpose  of  this  Tsssel  is  to  prevent  the 
loss  of  heat  by  evaporetion.  llie  solvent 
power  of  water  when  heated  in  this  vessel  is 
greatly  increased. 

DIGESTION.  The  slow  action  of  a 
sdvent  upon  any  substance. 

DIGESTION.  The  conversion  of  food 
into  chyme  in  the  stomach  of  artimals,  by  the 
solvent  power  of  the  gastric  juicew  Some  in- 
teresting researches  have  been  lately  made  on 
this  subject  by  Dr  Wilson  Philip  and  Dr 
Ftont. 

Phenomena,  {c  of  digestion  in  a  rabbit,'— 
A  rabbit  which  had  be«i  kept  without  food 
for  twdve  hours,  was  fed  upon  a  mixture  of 
bran  and  oats.  About  two  hours  afterwards 
it  was  killed,  and  examined  immediately  while 
still  warm,  when  the  following  circumstances 
were  noticed  z-^Hie  stomach  was  moderately 
distended  with  a  pulpy  mass,  which  consisted 
of  the  food  in  a  minute  state  of  division,  and 
so  intimately  mixed,  that  the  different  arti- 
cles of  which  it  was  composed  could  be  barely 
recognised.  The  digestive  process,  however, 
did  not  appear  to  have  taken  place  equally 
throughout  the  mass,  but  seemed  to  be  con- 
fined principally  to  the  superficies,  or  where 
it  was  in  contact  with  the  stomach.  The 
smell  of  this  mass  was  peculiar,  and  difficult 
to  be  described.  It  might  be  denominated 
fiituous  and  disagreeable.  On  being  wrapped 
up  in  a  piece  of  linen,  and  subjected  to  mo- 
deimte  pressure^  it  yielded  upwiuxls  of  half  a 
fluid  ounce  of  an  opaque  reddish- brown  fluid, 
which  instantly  reddened  litmus  pKpet  very 
strongly.  -  It  instantly  coagulated  milk,  and, 
moreover,  seemed  to  possess  the  property  of 
redissolving  the  curd,  and  converting  it  into 
a  fluid  very  similar  to  itself  in  appeanmce. 
It  was  iaoi  coagulated  by  heat  or  ackis;  and, 
in  shorty  did  not  exhibit  any  evidence  tf  an 
aOmmineut  principle.  On  being  evaporated 
to  dryness,  and  burned,  it  yield^  very  copi- 
ous traces  of  an  alkaline  muriate,  with  slight 
traces  of  an  alkaline  phosphate  and  sulphate ; 
also  of  various  earthy  salts,  as  the  sulphate, 
phosphate,  and  carbonate  cf  lime. 

*<  The  first  thing,"  says  Dr  P.  "  which 
strikes  the  eye  on  inspecting  the  stomachs  of 
rabbits  which  have  lately  eaten,  is,  that  the 
new  is  never  mixed  with  the  old  food.  The 
former  is  always  found  in  the  centre,  sur- 
rounded on  all  sides  by  the  old  food,  except 
that  on  the  upper  part,  between  the  new  food 
and  the  smaller  curvature  of  tbe  stomach, 
there  is  sometimes  little  or  no  old  food.  If 
the  old  and  the  new  food  are  of  different 
kinds,  and  the  animal  be  killed  after'  taking 
the  latter,  unless  a  great  length  of  time  has 
elapted  after  taking  it,  the  line  of  separation 
is  perfectly  erident,  so  that  the  old  may  be 
removed  without  disturbing  the  new  food. 

"  It  appears  that  in  proportion  as  the  food 
is  digested,  it  is  moved  along  the  great  cur- 
vature, when  the  change  in  it  is  rendered 


mora  perfect,  to  the  pyloric  portion.  The 
layer  of  food  lying  next  the  surface  of  the 
stomach  is  first  digested.  In  proportion  as 
this  undergoes  the  proper  change^  it  is  mov-t 
ed  on  by  tbe  muscular  action  of  the  stoouch, 
and  that  next  in  turn  succeeds  to  undergo 
the  same  change.  Thus  a  continual  motion 
is  going  on ;  that  part  of  the  food  which  lies 
next  tbe  surface  of  the  stomach  passing  to* 
wards  the  pylorus,  and  the  more  central  partq 
approaching  the  surface." 

Dr  Philip  has  remarked,  that  the  great  end 
of  the  stomach  is  the  part  most  usually  found 
acted  upon  by  the  digestive  fluids  afler  death. 

The  following  phenomena  were  observed 
by  Dr  Prout  :— 

Comparative  examination  of  the  contents  of 
the  duodena  qftwo  dogs,  one  tf  which  had  been 
fed  on  vegetable  food,  the  other  on  animal 
food  onljf*  The  chymous  mass  from  \eg^ 
table  food  (principally  bread)  was  composed 
of  a  semi-fluid,  opaqu^  yellowish- white  part^ 
containing  another  p<»tion  of  a  similar  colour, 
but  firmer  consistence,  mixed  with  it.  Its  spe* 
dfic  gravity  was  1.056.  It  showed  no  traces 
of  a  free  add  or  alkali ;  but  coagulated  milk 
completely  when  assisted  by  a  gentle  heat. 

lliat  fhnn  animal  food  was  more  thick  and 
visdd  than  that  from  vegetable  food,  and  lis 
colour  was  more  inclined  to  red.  Its  sp. 
gr.  was  1.022.  It  showed  no  traces  of  a 
free  acid  or  alkali,  nor  did  it  coagulate  milk 
even  when  assisted  by  the  most  favourably 
circumstances. 

On  being  subjected  to  analysis,  these  two 
specimens  are  found  to  consist  of 

Chyme  from    Chyme  fircm 
vcfctsMe food,  aoimali 


Water,        -  -  86.5 

Gastric  prindple,  united 
with    the    alimentary 
matters,  and  apparent- 
ly   constituting     the 
chyme,  mixed  with  ex- 
crementitious  matter,     6.0 
Albuminous  matter,part- 
ly  consisting  of  fibrin, 
derived  from  the  flesh 
on  which  the  animal 
had  been  fed,        -         ^ 
Biliary  prindple,       -         1.6 
Vegetable  gluten  ?    -        5.0 
Saline  matters,  -         0.7 

Insoluble  residuum,  0.2 


.food. 
80.0 


15.8 


1.3 
1.7 

07 
0.5 


100.0  100.0 

Very  similar  phenomena  were  observed  in 
other  instances.  But  when  the  animal  waa 
opened  at  a  longer  period  after  feeding,  Dr 
Prout  generslly  found  much  stronger  evi- 
dences of  albuminous  matter,  not  only  in  the 
duodenum,  but  nearly  throughout  the  whole 
of  the  small  intestines.  The  quantity,  how- 
ever, was  generally  very  minute  in  the  ileum ; 
and  where  it  enters  the  cocum^  no  traces  of 
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this  principle  coaM  be  perceived.     See  Sah* 

OUIFICATfON. 

Dr  Pnnit  has  lately  aiiown  that  free^  or  at 
least  aiMaturaied  muriatic  add,  in  no  small 
quantity,  exists  in  the  stomachs  of  many 
animah  during  the  digestive  process.  He 
has  also  uniformly  found  free  muriatic  acid 
in  great  abundance  in  the  acid  fluids  ejected 
ftom  the  human  stomach  in  severe  cases  of 
dyspepsia. — PkiL  Trans, /or  1834^  Part  1. 

DIGESTIVE  SALT.  Muriate  of  potash. 

DIGITALINE.  The  active  principle  of 
digitalis,  discovered  by  M.  Royer.  It  was 
obtained  by  digesting  a  pound  of  the  plant  of 
commerce  in  ether,  first  cold,  and  then  heat- 
ed under  pressure.  The  solution  was  filter- 
ed and  evaporated,  the  residuum  dissolved  in 
water  and  filtered,  the  lolution  treated  with 
bydrated  oxide  of  lead,  the  whole  evaporated 
and  digested  in  ether,  which  dissolved  out  the 
active  principle.  On  evaporation  it  appeared 
as  a  brcwn  pasty  substance^  slowly  restoring 
the  blue  colour  of  reddened  litmus  paper, 
very  bitter  and  deliquescent.  It  crystallizes 
with  dificutty.  A  grain  of  it,  dissolved  in 
180  grains  of  water,  being  injected  into  the 
abdomen  of  a  rablMt,  killed  the  animal 
speedily  without  agitation  or  pain  ;  which  is 
the  more  remarkable,  as  the  rabbit  is  con- 
vulsed with  great  ^ta^tj.^-Bibliotheque  Uni" 
verteUej  xxvi.  102. 

DIOPSIDE.  A  sub-species  of  oblique 
edged  augite.  Its  colour  is  greenish-white. 
It  occurs  massive,  disseminated  and  crystal- 
lized :— 1.  In  low  oblique  four-sided  prisms. 
2.  The  same,  truncated  on  the  acute  lateral 
edges,  bevelled  on  the  obtuse  edges,  and  the 
edge  of  the  bevelment  truncated.  3.  Eight- 
sided  prisms.  The  broader  lateral  planes 
are  deqply  longitudinally  streaked,  the  others 
are  smooth.  Lustre  syning  and  pearly. 
Fracture  uneven.  Trsnslucent.  As  hard 
as  augite.  Sp.  gr.  3.3.  It  melts  with  dif- 
ficulty  before  the  blowpipe.  It  consists  of 
57.6  silica,  ia25  magnesia,  16.5  lime,  6 
iron  and  manganese.  ^X.ot<^»er.  It  is  found 
in  the  hill  Ciarmetta  in  Piedmont ;  also  in 
the  black  rock  at  Mosa,  near  the  town  of 
Ali,  in  veins  along  with  epidote  or  pistadte^ 
and  hyadnth-red  garnets.  It  is  the  Alaltte 
and  Mussite  of  Bonvoisin. 

DIOPTASE.     Emerald  copper-ore. 

DIPPEL'S  Animal  Oil.  An  oily  matter 
obtained  in  the  igneous  decomposition  of 
horns  in  a  retort.  Rectified,  it  becomes  co- 
lourless, aromatic,  and  as  light  and  volatile  as 
•thcr.  It  changes  symp  of  violets  to  a  green, 
from  its  holding  a  little  ammonia  in  solution. 

DIPYRE.     Schmelszstcin. 

This  mineral  is  distinguished  by  two  cha- 
racters; it  is  fusible  vrhh  intumescence  by 
the  blowpipe,  and  it  emits  on  coals  a  fotnt 
phosphcnescence.  It  is  found  in  small 
prisms,  'united  in  bundles,  of  a  greyish  or 
reddish* white.     These  crystab  are  splendent. 


bard  enough  to  scratdi  glass ;  their  longitu. 
dinal  fracture  is  lamdlar,  and  their  cross 
fracture  concboidal.  Its  sp.  gr.  is  2.63L 
The  primitive  form  appears  to  be  the  regular 
sx-sided  prism.  It  consists  of  GO  silica,  24 
alumina,  10  lime,  2  water,  and  4  loss.— 
VavqueOn,  It  occurs  in  a  white  or  reddidi 
steatite,  mingled  widi  sulphuret  of  iron,  en 
the  right  bank  of  the  torrent  of  Maul6on  in 
the  western  Pyrenees. 

DISTILLATION.  The  vaporisation 
and  subsequent  condensation  of  a  liquid,  by 
means  of  an  aleuMc,  or  still  and  refrigeiatory, 
or  of  a  retort  and  a  receiver.  The  old  dis- 
tinctions of  distiUoHo  per  latutt  per  ascetuum, 
and  ]ier  detcensum,  are  now  discarded. 

Under  Labohatory,  a  drawing  and  de- 
scription of  a  lai^  still  of  an  ingenions  con- 
struction is  given.  The  late  celebrated  Mr 
Watt,  having  ascertained  that  liquids  boiled 
ill  vacuo  at  much  lower  temperatures  than 
under  the  pressure  of  the  atmosphere,  applied 
this  fact  to  distillation ;  but  he  seems,  accord* 
ing  to  Dr  Black's  report  of  the  experiment, 
to*  have  found  no  economy  of  fuel  in  this  ele- 
gant process;  for  the  latent  heat  of  the  va- 
pour raised  in  t^acMo,  appeared  to  be  consi- 
derably greater  than  that  raised  in  ordinary 
drcumstances.  Mr  Henry  IVitton  has  late- 
ly contrived  a  very  simple  apparatus  for  per- 
forming this  operation  in  vacuo  t  and  though 
no  saving  of  fuel  should  be  made^  yet  supe- 
rior flavour  may  be  secured  to  the  distilled 
spirits  and  essentiai  oils,  in  consequence  of 
the  moderation  of  the  heat.  The  still  is  of 
the  common  form;  but  instead  of  beii^ 
placed  immediately  over  a  firs^  it  is  immer»> 
ed  in  a  vessel  containing  hot  water.  Hie 
pipe  from  the  capital  bends  down,  and  ter* 
minates  in  a  cylinder  or  barrel  of  metal  plung- 
ed in  a  cistern  of  cold  liquid.  From  the 
bottom  of  this  barrel  a  pipe  proceeds  to  ano- 
ther of  somewhat  larger  chmensions,  which  ia 
surrounded  with  cold  water,  and  furnished  at 
its  top  with  an  exhausting  syringe 

The  pipe  from  the  bottom  of  the  still  Ibr 
emptying  it,  and  that  jfrom  the  bottom  of  eacb 
barrel,  are  provided  with  stopcocks.  Hence, 
on  exhausting  the  air,  the  liquid  will  distil 
rapidly,  when  the  body  of  the  alembic  is  sur- 
rounded  with  boiling  water.  When  it  is  wished 
to  withdraw  a  portion  of  the  distilled  liquoiv 
the  stopcock  at  the  bottbm  of  the  first  receiv- 
er is  shut,  so  that  on  opening  that  at  the  ae^ 
cond,  in  order  to  empty  it,  the  vacuum  is 
maintained  in  the  stilL  It  is  evident  that  the 
first  receiver  may  be  surrounded  with  a  por- 
tion of  the  liquid  to  be  diatiUed,  as  I  have 
already  explained  in  treating  of  alcohol.  By 
this  means,  the  utmost  economy  of  fuel  may 
be  observed. 

The  term  distiUation  is  often  applied  in 
this  country  to  the  whole  process  of  convert- 
ing malt  or  other  saccharine  matter  into  spirita 
or  alcohol. 
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In  making  malt  wfakky,  one  part  Offbruiaed 
malt,  with  from  four  to  nine  parte  of  barley 
meal,  and  a  proportion  of  seeds  of  oats,  cor- 
responding  to  that  of  the  mw  grain,  is  iuAiaed 
in  a  mash-tun  of  cast-iron,  with  ftora  12  to 
13  wine  gallons  of  water,  at  ldO»  Pabr.  for 
every  bushel  of  the  mixed  farinaceous  matter. 
The  agitation  then  given  by  manual  labour  or 
machinery,  to  break  down  and  equally  diffuse 
the  lumps  of  meal,  constitutes  the  process  of 
mumkmgm    This  operation  continues  two  hoots 
or  upwards^  according  to  the  proportion  of  un- 
malted  barlej ;  during  which  the  temperature 
is  kept  up  bj  the  affusion  of  seven  or  eight 
additional  gallons  of  water,  a  few  degrees 
under  the  boiling  temperature.     The  infu- 
sion, termed  wort,  having  become  progrea- 
siveiy  sweeter,  is  allowed  to  settle  for  two 
honn,  and  is  run  off^  from  the  top,  to  the 
amount  of  about  ono-thiid  the  bulk  of  water 
employed.  About  eight  gallons  of  more  water, 
a  little  under  900^  F.  are  now  admitted  to 
the  residuum,  infused  for  nearly  half  an  hour 
with  agitation,  and  then  left  to  subside  for  an 
hour  and  a  half,  when  it  is  drawn  offl    Some- 
times a  third  affusion  of  boiling  water,  equal 
to  the  first  quantity,  is  made,  and  tiiis  infti- 
sion  is  generally  reserved  to  be  poured  on  new 
Jmima  ;  or  it  is  concentrated  by  boUing,  and 
added  to  the  fbnner  liquors.     In  Scodand, 
the  distiller  is  supposed  by  law  to  extract  per 
cent  14  gallons  of  spirits,  sp.  gr.  0.91917, 
or  1  to  10  over  proof,  and  must  pay  duty 
aocordinf^y.     Hence  his  wort  must  have  at 
least  the  strength  of  55(  pounds  of  saccha- 
rine  matter  per  barrel,  previous  to  letting  it 
down  into  the  fermenting  tun ;  and  the  law 
does  not  permit  it  to  be  stronger  than  75 
pounds.     Every  gallon  of  the  above  spirits 
contains  4.6  pounds  of  alcohol,  sp.  gr.  0.825, 
and  requires  for  its  production  the  complete 
decomposition  of  twice  4.6  pounds  of  sugar 
s^  9.2  pounds.     But  since  we  can  never 
count  on  decomposing  above  four-fiftlis  oi  the 
saccharine  matter  of  wort,  we  must  add  one- 
Mt  to  9.2  pounds,  when  we  shall  have  11^ 
pounds  fbr  the  weight  of  saccharine  matter, 
equivident  in  practice  to  one  gallon  of  the  le- 
gal spirits.     Hence  the  distiller  is  compelled 
to  raise  the  strength  of  his  wort  up  to  nearly 
70  pounds  per  barrel,  as  indicated-by  his  aao- 
charoraeter.     This  concentration  is  to  be  re- 
gretted, as  it  materially  injures  the  flavour  of 
the  spirit.     The  thinner  worts  of  the  Dutch 
give  a  decided  superiority  to  their  alcohols. 
At  62  pounds  per  barrel,   we  should  have 
about  12  per  cent  of  spirits  of  the  legal  stan- 
dard. 

To  prevent  acetification,  it  is  necessary  to 
cool  the  worts  down  to  the  proper  ferment- 
ing temperature  of  7(P  or  65°  as  rapidly  as 
possible.  Hence,  they  are  pumped  immedi- 
ately from  the  mash-tun  into  extensive  wood- 
en troughs  two  or  three  inches  deep,  expos- 
ed in  c^n  sheds  to  the  coed  air;  or  they  are 


made  to  traverse  die  convohitioos  of  a  pi|fe 
immersed  in  cold  water.  The  wort  being 
now  run  into  the  fermenting  tun,  yeast  is  im- 
troduced,  and  added  in  nearly  equal  success 
sive  portions  during  three  days,  amounting 
in  all  to  about  one  ^lon  for  every  two  bush- 
ds  of  fininaceous  matter.  The  temperature 
rises  in  three  or  four  days  to  its  maximum  of 
&P;  and  at  the  end  of  10  or  12  days  the  fer- 
mentation is  completed,  the  tuns  being  closed 
up  during  the  last  half  of  the  period.  The 
dMUera  do  not  collect  the  yeast  from  their 
fermenting  tuns,  but  allow  it  to  fall  down,  oa 
die  supposition  that  it  enhances  the  quantity 
of  alcohol. 

The  specific  gravity  of  the  liquid  has  now 
probably  sunk  from  L060,  that  of  wort,  equi- 
valent to  about  50  pounds  per  barrel,  to 
1.005^  or  1.000;  and  consists  of  alcohol 
mixed  with  undecomposed  saccharine  and 
farinacemts  matter.  The  laiger  the  propoi^ 
tion  of  alcohol,  the  more  sugar  will  be  pret- 
served  unchanged;  and  hence  the  impolicy 
of  restrictive  laws  on  distillation. 

Some  yean  ago»  when  the  manufiMturer 
paid  a  duty  for  die  season  merely  according 
to  the  measurement  of  his  sdll,  it  was  his 
interest  to  work  it  off*  with  the  utmost  pes* 
sible  speed.  Hence  the  fisrm  of  still  and 
furnace,  described  under  Laboratory,  was 
contrived  by  some  ingenious  Scotch  distillers^ 
by  which  means  they  could  work  off*  in  less 
than  four  minutes,  and  recharge,  an  80  gal- 
lon still ;  an  operation  which  had  a  few  yean 
before  larted  several  days,  and  which  the  vi- 
gilant fhunera  of  the  law,  after  recent  inves* 
ligation,  deemed  possible  only  in  eight  mi- 
nutes. Hie  waste  of  fuel  was  however  great. 
The  duties  being  now  leried  on  the  product 
of  spirits,  the  above  contest  against  time  no 
longer  exists.  It  has  been  supposed,  but  I 
think  on  insuflScient  ground,  that  quick  di». 
tillation  injures  the  fiavour  of  spirits.  Hiis 
I  believe  to  depend  almost  entirely  on  the 
mode  of  conducting  the  previous  fcrmentap 
tion. 

In  distilling  off  the  spirit  from  the  fer- 
mented wort  or  wash,  a  hydrometer  is  used 
to  ascertain  its  progressive  ^diminution  of 
strength ;  and  when  it  acquires  a  certain 
weakness,  the  process  is  stopped  by  opening 
the  stopcock  of  the  pipe  which  issues  from 
the  bottom  of  the  still,  and  the  spent  wash  is 
removed.  There  is  generally  introduced  into 
die  still  a  bit  of  soap,  whose  oily  principle 
qireading  on  thesurface  of  the  boiling  liquor, 
breaks  the  large  bubbles,  and  of  course  checks 
the  tendency  to  froth  up.  The  spirits  of  the 
first  distillation,  called  in  Scotland  low  wines, 
are  about  0.975  sp.  gr.,  and  contain  nearly 
SO  per  cent  of  alcohol  of  0. 825.  Redistill*, 
tion  of  the  low  wines,  or  doufUing,  gives  sit 
first  the  fiery  spirit  called  fint-shot,  milky 
and  crude,  from  the  presence  of  a  littie  oil. 
Hiis  portion  is  returned  into  the  low  wines. 
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What  flowB  neit  ii  clour  gpirit,  and  is  re^ 
t«ived  in  one  vessel,  till  its  density  diminish 
to  a  certain  degree.  The  remaining  spiritu- 
ous liquor,  called  ^m<«,  b  mixed  with  low 
wines,  and  subjected  to  another  distillation. 

The  manufiicturer  was  formerly  hindered 
by  law  from  sending  out  of  his  distillery 
stronger  spirits  than  1  to  10  over  hydro- 
meter proof,  equivalent  to  sp.  gr.  0.90917 ; 
or  wedcer  spirits  than  I  in  6  under  proof, 
^hoee  sp.  gr.  is  0.9385. 

Hie  following  is  said  to  be  the  Dutch 
mode  of  making  Geneva  i— 

One  cwt.  of  barley  malt  and  two  cwts.  of 
rye  meal  are  mashed  with  460  gallons  of 
water,  heated  to  162^  F.  After  the  JMfUB 
have  been  infused  for  a  sufficient  time,  cold 
water  is  added,  till  the  wort  becomes  equiva- 
lent to  45  pounds  of  saccharine  matter  per 
barrel.  Into  a  vessel  of  500  gallons  capacity 
the  wort  is  now  put  at  the  temperature  of 
80^,  with  half  a  gallon  of  yeast.  The  fer- 
inentation  instantly  begins,  and  is  finished  in 
46  hours,  during  which  the  beat  rises  to  90^. 
Tlie  wash,  not  reduced  lower  than  12  or  15 
pounds  per  barrel,  is  put  into  the  still  along 
■with  the  grains.  Hiree  distillations  are  re- 
quired ;  and  at  the  last  a  few  juniper  berries 
mod  hops  are  introduced,  to  communicate 
flavour.  The  attenuation  of  45  pounds  in 
the  wort  to  only  15  in  the  wasli,  shows  that 
the  fermentation  is  here  very  imperfect  and 
uneconomical ;  as  indeed  we  might  infer  from 
the  small  proportion  of  yeast,  and  the  preci- 
pitancy of  the  process  of  fermentation.  On 
the  other  hand,  the  very  large  proportion  of 
porter  yeast  in  a  corrupting  state,  used  by  the 
Scotch  distillerB,  cannot  fiul  to  injure  the  fla- 
vour of  their  spirits. 

Rum  is  obtained  from  the  fermentation  of 
the  coarsest  sugar  and  molasses  in  the  West 
Indies^  dissolved  in  water  in  the  proportion  of 
nearly  a  pound  to  the  gallon.  The  yeast  is 
procured  chiefly  from  the  rum  wort.  The 
preceding  details  give  suffident  instruction  for 
the  conduct  of  this  modification  of  the  process. 

Sylces*  hydrometer  is  now  universally  used 
in  the  collection  of  the  spirit  revenue  in  Great 
Britain.  It  consists,  first,  of  a  flat  stem,  3.4 
inches  long,  which  is  divided  on  both  sides 
into  1 1  equal  parts,  each  of  which  is  sub- 
divided into  two,  the  scale  being  numbered 
from  0  to  1 1.  Hiis  stem  is  soldered  into  a 
brass  ball  1.6  inch  in  diameter,  Into  the 
under  part  of  which  is  fixed  a  small  conical 
stem  1. 13  inch  long,  at  whose  end  is  a  pear- 
.shaped  loaded  bulb,  half  an  inch  in  diame- 
ter. The  whole  instrument,  which  is  made 
of  brass,  is  6.7  inches  long,  llie  instrument 
is  accompanied  with  8  circular  weights,  num- 
bered 10,  2a  30,  40,  50,  60,  70,  80,  and 
another  weight  of  the  fonn  of  a  parallelo- 
piped.  Eadi  of  the  circular  weights  is  cut 
into  its  centre,  so  that  it  can  be  placed  on  the 
inferior  conical  stem,  wad  slid  down  to  the 


bulb ;  but  in  consequence  of  the  enlaige- 
ment  of  the  cone»  they  cannot  slip  off  at  the 
bottom,  but  must  be  drawn  up  to  the  thin 
part  for  this  purpose.     The  square  weighty 
of  the  form  of  a  paralldopiped,  has  a  square 
notch  in  one  of  its  sides^  by  which  it  can  be 
placed  on  the  summit  of  the  stem.    In  using 
this  instrument,  it  is  immersed  in  the  spirit, 
and  pressed  down  by  the  hand  to  O,  till  Ae 
whole  divided  part  of  the  stem  be  wet.     Tbm 
force  of  the  hand  required  to  sank  it  will 
be  a  guide  in  selecting  the  proper  weight* 
Having  taken  one  of  the  circular  weightst 
which  is  necessary  for  this  purpose,  it  is 
slipped  on  the  conical  stem.      The  instru- 
ment is  again  immersed  and  pressed  down  aa 
before  to  O,  and  is  then  allowed  to  rise  and 
settle  at  any  point  of  the  scale.     The  eye  is 
then  brought  to  the  level  of  the  snrfece  of 
the  spirit,  and  the  part  of  the  stem  cut  by  the 
surfeoe^  as  seen  from  below,  is  marked.    The 
number  thus  indicated  by  the  stem  b  added 
to  the  number  of  the  weight  employed ;  and 
with  this  sum  at  the  side,  and  tfie  tempera- 
ture of  the  spirits  at  the  top,  the  strength /ler 
cetU  is  found  in  a  table  of  6  quarto  pages. 
**  The  streugUi  is  expressed  in  numbos  de- 
noting the  excess  or  deficiency  per  eeni  o€ 
proof  spirit  in  any  sample^  and  ilat  number 
itself,  (having  its  decimal  point  removed  two 
places  to  the  left),  becomes  a  fector,  whereby 
the  gauged  content  of  a  cask  or  vessel  of 
such  spirit  being  multiplied,  and  the  product 
being  added  to  the  gauged  content,  if  over 
proof,  or  deducted  from  it  if  under  proof, 
the  result  will  be  the  actual  quantity  of  proof 
spirit  contained  in  such  cask  or  veasd. 
Alcohol. 

DISTHENE.     See  Cyanttb. 

DISTINCT  CONCRETIONS.  A 
in  Mineralogy. 

DOCIMASTIC  ART.  Hiis  name  is 
given  to  the  art  of  assaying.  See  A«ay, 
Blowpipe,  Analysis,  and  the  several  metala. 

DOLERITE.  When  volcanic  masses 
are  composed  of  grains  distinct  from  each 
other,  and  contain  besides  felspar,  much  py* 
roxene,  black  oxide  of  iron,  aropbibole,  &c. 
they  are  called,  by  the  French  geologists^ 
Dolerite.  Hiey  may  be  regarded  as  modifl- 
cadons  of  the  basalt  of  the  British,  passing 
into  the  griinstein  of  Werner.— &e  D*Au^ 
huisson,  Traiti  de  Geognosief  ii.  558.  note, 

DOLOM ITE.  Of  this  calcareo-magne- 
sian  carbonate  we  have  three  sub-species. 

1 .  Dolomite^  of  which  there  are  two  kinds. 

§  1st,  Granuiar  Dolomite. 

ffhite  gmnular.  It  occurs  massive^  and 
in  fine  granular  distinct  concretions,  looaely 
•aggregated.  Lustre  glimmering  and  pearly. 
Fracture  in  the  large,  imperfect  slaty.  Faint- 
ly translucent.  As  hard  as  fluor.  Brittle^ 
Sp.gr.  2.83.  It  effervesces  feebly  with  adds. 
l4iosphorescent  on  heated  iron>  or  by  ftictioii. 
Its  constituents  are^  46.5  carbonate  of  mag- 
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Mill,  ft&OS  catixMMti»  of  ttdw,  0.95okideof 
ttftagtiMM,  ttid  0.5  Okide  of  iroiit-^jr/afMvMi 
Beds  of  dolomitfe»  oontainkig  tremolite^  occtif 
in  the  island  of  lona,  in  the  mountain  group 
of  St  OoChaid,  in  the  Apennines,  and  in  Ca- 
rintfaia,  A  beautiful  white  Tariety,  used  by 
andent  sculptors,  is  found  in  the  Isle  of  Te- 
nedos.— JhmMon. 

The  Jlexible  Tariety  was  first  noticed  in  the 
Borgbew  palace  at  Rome ;  but  the  other  va^ 
ricties  of  dolomite^  and  also  common  granu- 
lar limestone^  may  be  rendered  fieziMe,  by 
exposing  them  in  thin  and  long  slabs  to  a 
heat  of  480°  Fahr.  for  6  hours. 

§  2df  Brown  Dolomite,  or  Magnesian  lime- 
atone  of  Tennant. 

Colour,  yellowish-grey  and  ydlowish- 
hrown.  Massive^  and  in  minute  granular 
ooncretiona.  Lustre^  internally  glistening. 
FVactnre  splintery.  IVanslucent  on  the  edges. 
Harder  than  calouvous  spar.  Brittle.  Sp. 
gr.  of  crystals,  S.8.  It  dissolves  slowly,  and 
with  foeble  effenrescence ;  and  when  calcined, 
it  is  long  in  rcabsortMng  carbonic  add  from 
the  air.  Its  constituents  are^  lime  89.5^ 
magnena  20.3,  carbonic  acid  47.8;  alumina 
and  iron  0.8.— >7Vnnai«/.  In  the  north  of 
England  it  occun  in  beds  of  considerable 
thickness  and  great  extent,  resting  on  the 
Newcastle  ooal  formation.  In  the  Isle  of 
Man,  it  occurs  in  a  limestone  which  rests 
on  greywadie.  It  occurs  in  trap-rocks  in 
Fiftshire.  When  laid  on  land  after  being 
ealdned,  it  prereots  vegetation,  unless  the 
quantity  be  smalL 

To  the  preceding  variety  we  must  refer  a 
Jieacibb  doiomite  found  near  Tinmouth  Castle. 
It  is  ydlowish-grey,  passing  into  cream-yd- 
kfw.  Biassive.  Dull.  Fracture  earthy. 
Opaque.  Yidds  readily  to  the  knife.  In 
thm  plates,  very  flexible.  Sp.  gr.  2.54 ;  but 
the  stone  is  porous.  It  dissolves  in  adds  as 
readily  as  common  carbonate  of  lime.  Its 
constituents  are  sdd  to  be  68  carbonate  of 
Ume,  and  36  carbonate  of  magnesia.  When 
made  moderately  dry,  it  loses  its  flexibility ; 
but  when  dther  very  moist  or  very  dry,  it  is 
very  flexible. 

8d,  OUutHHor  Dohmite.  Colour  pale  grey- 
ish-white. Massive,  and  in  thin  prismatic 
concretions.  Cleavage  imperfect.  FVacture 
oneven.  Lustre  vitreous,  inclining  to  pearly. 
Breaks  into  adcular  fragments.  Feebly 
translucent.  Brittle.  Sp.  gr.  8.76.  Its 
constituents  are^  51  carbonate  of  lime,  47 
carbonate  of  magnesia,  I  carbonated  hydrate 
of  iron.     It  occurs  in  serpentine  in  Russia. 

3d,  Compact  Dolomiie,  or  Gurhoffite.  Co- 
lour snow-white.  Massive.  Dull.  Fracture 
flat  oonchoidal.  Slightly  translucent  on  the 
edges.  Semi-hard.  IKfficultly  frangible. 
Sp.  gr.  8.76.  When  pulverized,  it  dissolves 
with  effervescence  in  hot  nitric  add.  It 
consistsof  70.5  carbonate  of  lime,  and  80.5 
carbonate  of  magnesia.     It  occun  in  vdns 


in  serpentine  rocfcs^  near  Ourh^,  in  Lower 
Austria. 

DOMIT£.  nils  mineral  is  white.  Feds 
and  looks  like  sandy  chalk.  It  is  considered 
by  some  to  be  decomposed  felspar.  It  is 
found  in  the  Puy  de  Dome  in  Auveigne. 

DRACINE.  When  an  alcoholic  solu- 
tion of  dragon's  blood  is  concentrated,  and 
then  mixed  with  cdd  water,  a  spongy  mass 
is  precipitated.  This  is  to  be  washed  with 
water,  and  neutralised  with  a  very  dilute  sul- 
phuric add.  Tlie  sediment  being  well  wash- 
ed, has  a  fine  red  colour,  is  tastdess,  inodor- 
ous, flexible,  and  fuses  at  IS\^  F.  This 
substance  is  called  by  M.  Mdandri,  draeine* 
It  has  some  slight  analogy  with  v^geto-alkalis. 
The  smdlest  quantity  of  carbonate  of  lime 
in  filtering  paper  may  be  detected  by  suU 
phate  of  dradne^  the  yellow  solution  instantly 
becoming  red  by  its  action. 

DRACO-MITIGATU&  Calomd.  See 
Mkbcuby. 

DRAGON'S  BLOOD.  A  britUe,  dark 
red-cd.oured  resin,  imported  from  the  East 
Indies,  the  product  of  pteroccapus  draeo,  and 
draaona  draco.  It  is  insoluble  in  water,  but 
soluble  in  a  great  measure  in  alcohol.  The 
solution  imparta  a  beautiful  red  stun  to  hot 
marble.  It  dissolves  in  oils.  It  contains  a 
little  benzoic  add. 

DRAWING  SLATE.  Black  chalk. 
Cdour  greyish-black.  Massive.  Lustre  of 
the  prindpal  fracture,  glimmering;  of  the 
cross  fracture^  dulL  Fracture  of  the  former 
slaty,  of  the  latter,  fine  earthy.  Opaque.  It 
writes.  Streak  same  colour,  and  glistening. 
Very  soft.  Sectile.  Eadly  frangible.  It 
adheres  slightly  to  the  tongue.  Feels  fine, 
but  meagrcb  Sp.  gr.  8. 1 1.  It  is  infusible. 
Its  constituents  are,  silica  64.06,  alumina  1 1, 
carbon  11,  water  7.8,  iron  8.75.  It  occun 
in  beds  in  primitive  and  transition  day-slate^ 
also  in  secondary  formations.  It  is  found  in 
the  coal  formation  of  Scotland,  and  in  most 
countries.  It  is  used  in  crayon-pdnting. 
The  trace  of  bituminous  shale  is  brownish 
and  irregular;  that  of  black  chalk  is  regular 
and  bla^.  Tlie  best  kind  is  found  in  Spain, 
Italy,  and  France. 

DUCTILITY.  That  property  or  tex- 
ture of  bodies,  which  renders  it  practicable  to 
draw  them  out  in  length,  while  thdr  thick- 
ness is  diminished,  without  any  actud  frac- 
ture of  thdr  parts.  This  term  is  dmost  ex- 
duuvely  applied  to  metds. 

Most  authors  confound  the  words  mdle- 
ability,  laminability,  and  ductility,  together, 
and  use  them  in  a  loose  indiscriminate  way ; 
but  they  are  very  different.  Malleability  is 
the  property  of  a  body  which  enlarges  one 
or  two  of  its  three  dimensons,  by  a  blow  or 
pressure  very  suddenly  applied.  Laminabi- 
lity bdongs  to  bodies  extendble  in  dimennon 
by  a  gradudly  applied  pressure :  And  duc- 
tility is  properly  to  be  attributed  to  such 
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bodiet  as  can  be  rendered  longer  and  thinner  to  be  afterwaid  applied  may  be  unbibed»  and 

by  drawing  tbem  through  a  hole  of  leas  area  ita  oontento  adhere  to  the  minute  internal 

than  the  transTene  aection  of  the  body  so  sulfides.     Hie  second  is,  that  the  stuff  may 

drawn.  be  rendered  whiter  and  more  capable  of  le- 

DYEING.   The  art  of  dyeing  consists  in  fleeting  the  ligbt»  and  consequently  enabling 

fixing  upon  cloths  of  various  kinds  any  oo-  the  coliMiring  matter  to  ezhibii  more  briUianI 

lour  which  may  be  required,  in  such  a  man-  tints. 

ner  as  that  they  shall  not  be  easily  altered  by         Some  of  the  preparations,  however,  though 

those  agents  to  which  the  cloth  will  most  considered  merely  as  prepanUiTe^  do  really 


probably  be  exposed.  oonstitute  part  of  the  dyeing  processes  thenw 
As  there  can  be  no  cause  by  which  any  selves.  In  many  instances  •  matorial  is  ap- 
colouring  matter  can  adhere,  to  any  doth,  plied  to  the  stuff,  to  which  it  adheres;  and 
except  an  attraction  subsisting  between  the  when  another  suitahle  material  is  applied,  the 
two  substances,  it  must  follow,  that  there  will  result  b  some  colour  desired.  Thus  we  might 
be  few  tingeing  matters  capable  of  indelibly  dye  a  piece  of  cotton  black,  by  immersing  it 
or  strongly  attaching  themselves  by  simple  in  ink ;  but  the  colour  would  be  neither  good 
application.  nor  durable,  because  the  particles  of  predpi- 
Dyeing  is  therefore  a  chemical  art.  tated  matter  formed  of  the  oxide  of  iron  and 
llie  most  remarkable  general  fiut  in  the  add  of  galls,  are  already  concreted  in  maares 
art  of  dydng  consists  in  the  different  degrees*  too  gross  dther  to  enter  the  cotton,  or  to  ad- 
of  facility  with  which  animal  and  vegetable  here  to  it  with  any  considerable  d^ree  at 
substances  attract  and  retain  colouring  mat-  strength.  But  if  the  cotton  be  soaked  in  an 
ter,  or  rather  the  degree  of  facility  with  which  infusion  of  gaUs,  then  dried,  and  afterward 
the  dyer  finds  be  can  tinge  them  with  any  immerMd  in  a  solution  of  sulphate  of  iron, 
intended  colour.  The  chief  materials  of  stuff  (or  other  ferruginous  salt),  the  add  of  galla 
to  be  dyed  are,  wool,  silk,  cotton,  and  linen,  being  every-where  diffused  through  the  body 
of  which  the  former  two  are  more  easily  dyed  of  the  cotton,  will  recdve  the  particles  of 
than  the  latter.  Hue  has  been  usually  at-  oxide  of  iron,  at  the  very  instant  of  their 
tributed  to  thdr  greater  attraction  to  the  transition  from  the  fluid,  or  dissolved  to  the 
tingdng  matter.  predpitated  or  solid  state;  by  which  means 
Wool  b  naturally  so  much  dbposed  to  a  perfect  covering  oi  the  black  inky  matter 
combine  with  colouring  matter,  that  it  re-  will  be  applied  in  dose  contact  with  the  sur- 
quires  but  little  preparation  for  the  immediate  face  of  the  most  minute  fibres  of  the  cotton, 
processes  of  dydng ;  nothing  more  bdng  re-  Thb  dye  will  therefore  not  only  be  more  in- 
quired than  to  cleanse  it,  by  scouring,  from  tense,  but  likewise  more  adherent  and  dun^ 
a  fatty  substance,  called  the  yolk,  which  b  ble. 

contained  in  the  fleece.  For  thb  purpose  an  The  French  dyers,  and  after  tbem  the 
alkaline  liquor  b  necessary :  but  as  alkalb  English,  have  given  the  name  of  moniani  to 
injure  the  texture  of  the  wool,  a  very  weak  those  substances  which  are  previously  applied 
solution  may  be  used ;  for,  if  more  alkali  to  piece  goods,  in  order  that  they  may  aAar- 
were  present  than  b  suffident  to  convert  the  ward  take  a  required  tinge  or  dye. 
yolk  into  soap,  it  would  attack  the  wool  it-  It  is  evident,  that  if  the  mordant  be  uai> 
self.  Putrid  urine  b  therefore  generally  versally  applied  over  the  whole  of  a  piece  of 
used,  as  bdng  cheap,  and  containing  a  vola-  goods,  and  thb  be  afterward  immersed  in  the 
tile  alkali,  which,  uniting  with  the  grease,  dye»  it  will  recdve  a  tinge  over  all  its  sur- 
renders it  soluble  in  water.  face ;  but  if  it  be  applied  only  in  parts,  the 
Silk,  when  taken  from  the  cocoon,  b  co-  dye  will  strike  in  those  parts  only.  The  for- 
vered  with  a  kind  of  varnish,  which,  because  mer  process  constitutes  the  art  of  dyeing, 


it  does  not  easily  yield  dtlier  to  water  or  al-  perly  so  called ;  and  the  latter,  the  art  of 

cohol,  b  usually  sud  to  be  soluble  in  ndtber.  printing  woollens,  cotton%  or  Unen*  called 

It  is  therefore  usual  to  boil  the  silk  with  an  calico-printing. 

alkali,  to  disengage  this  matter.     Much  care         In  the  art  of  printing  piece  goods,  the 

b  necessary  in  this  operation,  because  the  silk  mordant  is  usually  mixed  with  gum  or  starch, 

itself  b  easily  corroded  or  discoloured,    fine  and  applied  by  means  of  blocks  or  wooden 

soi4>  is  commonly  used,  but  even  this  b  sdd  engravings  in  rdief,  or  from  copper  plates ; 

to  be  detrimental ;  and  the  white  China  silk,  and  the  colours  are  brought  out  by  immer- 

which  b  supposed  to  be  prepared  without  don  in  vessels  filled  with  suitable  oomposi- 

soap,  has  a  lustre  superior  to  that  of  Europe,  tions.     Dyers  call  the  latter  fluid  the  batii. 

Silk  loses  about  one-fourth  of  its  wdght  by  The  art  of  printing  afibrds  many  processes, 

bdng  deprived  of  its  varnish.     See  Bx.£ach-  in  which  the  effect  of  mordants,  both  ample 

INC.  and  compound,  b  exhibited.     The  following 

The  intention  of  the  previous  preparations  b  taken  from  Berthollet. 
seems  to  be  of  two  kind^     The  tirst,  to  ren-         The  mordant  employed  for   linens,    in« 

der  the  stuff  or  material  to  be  dyed  as  clear  tended  to  recdve  diflerent  shades  of  red,  b 

as  possible^  in  ordiT  that  the  aqueous  fluid  prepared  by  dissolvings  in  eight  pounds  of 
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hoi  ^wo/aer,  tbrae  pQuadi  of  alum  and  one 
pound  of  acetate  of  lead,  to  which  two  ounoee 
«f  |M>Uahv  and  afterward  two  ounces  of  pow- 
dered chalky  are  added. 

In  this  mixtures  the  sulphuric  add  com- 
bines with  the  lead  of  the  acetate;*  and  fidk 
down  because  insohibU,  while  the  aigillace- 
ous  earth  of  the  alum  umtas  with  the  acetic 
add  disengaged  from  the  acetate  of  lead. 
Tt»  mordant  therefore  consists  of  an  argil- 
laceous acedc  salt,  and  the  small  quantities 
of  alkali  and  chalk  senre  to  neutralise  any 
disengaged  acid  which  might  be  contained  in 
the  liquid. 

Serersl  advantages  are  obtained  by  thus 
changing  the  add  of  the  alum.  Firsts  the 
argillaceous  earth  is  more  easily  diaenipiged 
ftom  the  acetic  add,  in  the  subsequent  pro- 
cesses, than  it  would  hare  been  from  the  sul- 
phuric. Secondly,  this  weak  add  does  less 
harm  when  it  comes  to  be  disengaged  by 
depriving  it  of  its  earth.  And,  thirdly,  the 
•eetate  of  alumina,  not  being  crystallisable 
like  the  sulphate^  does  not  separate  or  curdle 
by  drying  on  the  face  of  the  blocks  for  print- 
ing when  it  is  mixed  with  gum  or  starch. 

When  the  design  has  been  impressed  by 
transferring  the  mordant  from  the  face  of  the 
wooden  blocks  to  the  cloth,  it  is  then  put  into 
a  bath  of  madder,  with  proper  attention  that 
the  whole  shall  be  equally  exposed  to  this 
fluid.  Here  the  piece  becomes  of  a  red  co- 
lour, but  deeper  in  those  places  where  the 
mordant  was  applied.  Fur  scmie  of  the  ar- 
gillaceous earth  had  before  quitted  the  acetic 
add,  to  combine  witli  the  cloth;  and  this 
serres  as  an  intermedium  to  fix  Uie  colour- 
ing matter  of  the  madder,  in  the  same  man- 
ner as  the  add  of  galls,  in  the  former  in- 
stance^ fixed  the  particles  of  oxide  of  lion. 
With  the  piece  in  this  state,  the  calico-printer 
has  only  therefore  to  avail  himself  of  the  dif- 
ference between  a  fixed  and  a  fugitive  co- 
lour. He  therefore  boils  the  piece  with  bran, 
and  spreads  it  on  the  grass.  The  fecula  of 
the  bran  takes  up  part  of  the  colour,  and  the 
action  of  the  sun  and  air  renders  more  of  it 
combinable  with  the  same  substance. 

In  other  cases  the  elective  attraction  of  the 
stuff  to  be  dyed  has  a  more  marked  agency. 
A  very  common  mordant  for  woollens  is 
made  by  dissolving  alum  and  tartar  toge- 
ther; ndther  of  which  is  decomposed,  but 
may  be  recovered  by  crystallization  upon 
evaporating  the  liquor.  Wool  is  found  to  be 
capable  of  decomposing  a  solution  of  alum, 
and  combining  with  its  earth ;  but  it  seems 
as  if  the  presence  of  disengaged  sulphuric 
add  served  to  injure  the  wool,  which  is  ren- 
dered harsh  by  this  method  of  treatment, 
though  cottons  and  linens  are  not,  which  have 
less  attraction  for  the  earth.  Wool  also  de- 
composes the  alum,  in  a  mixture  of  alum  and 
tartar ;  but  in  this  case  there  can  be  no  dis- 
engagement of  sulphuric  acid,  as  it  is  im- 


mediately neutralized  by  the  alkali  of  the 
tartar. 

Metallic  oxides  have  so  great  an  attraction 
for  many  colouring  substances,  that  they  quit 
the  acidi  in  which  they  were  dissolved,  and 
are  predpitated  in  combination  with  them. 
These  oxides  are  also  found  by  experiment 
to  be  strongly  disposed  to  combine  with  ani- 
mal substances ;  whence,  in  many  instances, 
they  serve  as  mordants,  or  the  medium  of 
union  between  the  colouring  partides  and 
animal  bodies. 

The  colours  which  the  compounds  of  me- 
tallic oxides  and  colouring  particles  assume, 
then,  are  the  product  of  the  colour  peculiar 
to  the  colouring  particles,  and  of  that  pecu- 
liar to  the  metallic  oxide. 

The  following  are  the  dye-stuffs  used  by 
the  calico-printers  Sot  produdng  fast  colours. 
The  mordants  are  thickened  with  gum,  or 
caldned  starch,  and  applied  with  the  block, 
roller,  plates^  or  pendl. 

1.  Black,  The  cloth  is  impregnated  with 
acetate  of  iron  (iron  liquor),  and  dyed  in  a 
bath  of  madder  and  logwood. 

2.  Purple.  The  preceding  mordant  of  iron, 
diluted ;  with  the  same  dydog  bath. 

3.  CWifwon.  Tlie  mordant  for  purple, 
united  with  a  portion  of  acetate  of  alumina, 
or  red  mordant,  and  the  above  bath. 

4b  Sed.  Acetate  of  alimuna  is  the  mor- 
dant, (see  Alumina),  and  madder  is  the  dye- 
stuff. 

5.  Pale  red  of  different  shades.  The  pre- 
ceding mordant  diluted  with  water,  and  a 
weak  madder  hath. 

6L  Br9wn  or  Pempadour,  A  mixed  mor- 
dant, containing  a  somewhat  larger  propor- 
tion of  the  red  than  of  the  black ;  and  the 
dye  of  madder. 

7.  Orange.  The  red  mordant;  and  a  bath 
first  of  madder,  and  then  of  quercitron. 

8.  Yellow,  A  strong  red  mordant ;  and 
the  quercitron  bath,  whose  temperature  should 
be  considerably  under  the  boiling  point  of 
water. 

9.  Blve*  Indigo,  rendered  soluble  and 
greenish-yellow  coloured,  by  potash  and  or- 
piroent.  It  recovers  its  blue  colour  by  expo- 
sure to  air,  and  thereby  also  fixes  firmly  on 
the  cloth.  An  indigo  vat  is  also  made,  with 
that  blue  substan^  diffused  in  water  with 
quicklime  and  copperas.  These  substances 
are  supposed  to  deoxidize  indigo,  and  at  the 
same  time  to  render  it  soluble. 

Goldeu'djfe.  The  cloth  is  immersed  alter- 
nately in  a  solution  of  copperas  and  lime 
water.  The  protoxide  of  iron  precipitated 
on  the  fibre,  soon  passes,  by  absorption  of  at- 
mospherical oxygen,  into  the  golden-coloured 
deutoxide. 

Buff.  Hie  preceding  substances,  in  a 
more  dilute  state. 

Blue  volt  in  which  white  spots  are  left  on 
a  blue  ground  of  doth,  is  made  by  applying 
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to  thesepointsapastecomposedof  a  solution 
ofsulphate  of  copper  and  pipe-day;. and  after 
they  are  dried,  immetring  it,  stretched  on 
ftames,  for  a  definite  number  of  minutes,  in 
the  yellowish-green  vat,  of  1  part  of  indigo^ 
2  of  copperas,  and  2  of  lime,  with  water. 

Green*  Cloth  djred  blue,  and  well  washed, 
is  imbued  with  the  aluminous  acetate,  dried, 
and  subjected  to  the  quercitron  bath. 

In  the  aboTe  cases,  the  cloth,  after  receiv- 
ing the  mordant  paste,  is  dried,  and  put  throu^ 
a  mixture  of  cow-dung  and  warm  water.  It 
Is  then  put  into  the  dyeing  yat  or  copper. 

Fugitive  Colours, 
All  the  above  colours  are  given  by  making 
decoctions  of  the  different  colouring  woods ; 
and  receive  the  slight  degree  of  fixity  they 
possess,  as  well  as  great  brilliancy,  in  conse- 
quence of  their  combination  or  admixture 
with  the  nitro-muriate  of  tin. 

1.  Med  is  frequentiy  made  from  Btaail  and 
Peadiwood. 

2,  Black.  A  strong  extract  of  galls,  and 
deuto-nitrate  of  iron. 


S.  Purple,  Extract  of  logwood  and  the 
deuto-nitrate. 

4u  Yellow.  Extract  of  quercitron  baric,  or 
French  berries,  and  the  tin  solution. 

£.  Blue.  Prussian  blue  and  solution  of 
tin. 

Fugitive  colours  are  thickened  with  gmn- 
tragacanth,  which  leaves  the  cloth  in  a  aoAcr 
state  than  gum-Senegal;  the  goods  being 
sometimes  sent  to  maricet  without  being 
washed. 

For  the  modes  of  using  the  diffinrvDt 
articles  used  in  dyeing,  see  them  under  their 
respective  names  in  the  order  of  the  alpha- 
bet 

DTSODILEorDUSODILE.  Amine- 
ral  found  in  masses,  of  a  greenish-grey  or  oC 
a  yellow  colour.  Extremely  ftagile,  emit- 
ting the  argillaceous  odour  when  breatibed  on. 
Sp.  grav.  1.46.  It  bums  witii  a  consider* 
able  flame  and  smoke,  and  an  almost  insup- 
portably  fetid  odour,  with  a  crackling  noiseii 
In  water  it  becomes  titinslucent  and  flexible^ 
It  occurs  at  Melili  near  Syracuse,  in  a  tUa 
bed,  between  strata  of  secondary  limestone. 


E 


EAGLE-STONE.     A  clay  ironstone. 

EARTHEN-WARE.     See  FOTtbby. 

EARTHa  Twenty  years  ago,  few  sub- 
stances seemed  more  likely  to  retain  a  per- 
manent place  in  chemical  arrangements,  than 
the  solid  and  refractory  earths  which  compose 
the  crust  of  the  globe.  Analysis  had  shown, 
that  the  various  stony  or  pulverulent  masses 
which  form  our  mountains,  valleys,  and 
plains,  might  be  considered  as  resulting  from 
the  combination  or  intermixture,  in  various 
numbers  and  proportions,  of  nine  primitive 
earths,  to  which  the  following  names  were 
given:— 

1.  Baryta.  2.  Strontia.  a  Lime.  4. 
Magnesia.  5.  Alumina,  or  clay.  6.  Silica. 
7.  Gludna.     a  Zirconia.     9.  Yttria. 

Alkalis,  acids,  metallic  ores,  and  native 
metals,  were  supposed  to  be  of  an  entirely 
dissimilar  constitution. 

The  brilliant  discovery  by  Sir  H.  Davy  in 
1808^  of  the  metallic  bases  of  potash,  soda, 
baryta,  strontia,  and  lime,  subverted  the  an- 
dent  ideas  regarding  the  earths,  and  taught 
us  to  regard  tiiem  as  all  belonging,  by  most 
probable  analogies,  to  the  metallic  class. 
According  to  an  ingenious  suggestion  of  Mr 
Smitiison,  silica,  however,  ought  to  be  ranked 
with  adds,  since  it  has  the  power,  in  native 
mineral  compounds,  of  neutralising  the  alka- 
line earths,  as  well  as  the  common  metallic 
oxides.  But  as  this  property  is  also  pos- 
sessed by  many  metallic  oxides,  it  can  afford 
no  evidence  against  the  metalb'c  nature  of 
the  siliceous  basis.     Alumina,  by  the  experi- 


ments of  Ehrman,  may  be  made  to  Mtufate 
lim^  produdng  a  glass ;  and  the  triple  com- 
pounds of  magnesia,  alumina,  and  Iime^  are 
perfectly  neutral  in  porcdain.  We  mi|^ 
therefore  refSer  alumina,  as  wdl  as  nlica,  to 
the  same  class  with  the  oxides  of  antimony, 
arsenic,  chromium,  columbium,  molybdenum, 
titanium,  and  tungsten.  Alumina,  however, 
bears  to  silica  the  same  relation  that  oxide  of 
antimony  does  to  that  of  anenic ;  the  ant^ 
cedent  pair  acting  the  part  of  bases,  while  the 
consequent  pair  act  only  as  adds.  Hie  cook 
pound  of  the  fluoric  prindple  with  silica  ia 
of  too  mysterious  a  nature  to  be  employed  in 
this  discussion.  Hie  almost  universal  Ibne- 
tion  which  silica  enjoys,  of  saturating  the  al- 
kaline oxides  in  the  native  earthy  minerals,  is 
exhibited,  in  a  very  striking  manner,  in  Mr  Al- 
lan's valuable  Synqitic  Tables.  From  hia 
fifUi  to  his  fifteenth  table  of  analyses,  the 
column  of  silica  is  always  complete^  whatever 
defidency  or  variation  may  occur  in  the  co- 
lumns of  the  earthy  bates.  At  least,  only  a 
very  few  exceptions  need  be  made  for  the 
oriental  gems,  which  consist  of  strongly  ag- 
gregated alumina. 

We  shall  enter  at  present  into  no  further 
discussion  concerning  thdr  place  in  a  sys- 
tematic amngement.  Whatever  may  be  tiie 
revolutions  of  chemical  nomenclature,  man- 
kind will  never  cease  to  consider  as  Earths 
those  solid  bodies,  composing  the  mineral 
strata,  which  are  incombustible,  colourlesft, 
not  convertible  into  metals  by  all  the  ordinary 
methods  of  reduction,  or,  when  reduced  fay 
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KMDlific  nfinementi,  powcMing  but  m  eT»- 
Bcaoent  metallic  existeiice^  and  which  either 
•iloiie»  or  at  least  when  oomlnned  #ith  cartK>- 
inc  add,  are  inspid  and  insoluble  in  water. 

£AU  DE  LUCE  consists  chiefly  of  the 
casential  oil  of  amber  and  the  Tolatile  alkali 

ECHINI.  Calcareous  petrelactions  of 
the  echinus  or  sea-hedgehog. 

EDINGTONITE.  A  new  mineral.  It 
«iocurB  in  crystals^  the  largest  about  two  lines 
in  diameter,  implanted  upon  crystallised 
Thomsonite!,  in  the  Kilpatrick-bills,  near 
Glasgow.  It  is  accompanied  by  calcareous 
spar,  and  a  curious  Tariety  of  harmatome. 
The  crystals  of  the  edingtonite  resemble 
greatly  certain  Tarieties  of  prehnite  and  feU 
tpar.'^Haiiiingerf  in  JSdinhurgh  Journal  tf 
Saencefor  October  1825. 

EFFERVESCENCE  is  the  commotion 
produced  in  fluids  by  some  part  of  the  mass 
suddenly  taidng  the  ehtttic  form,  and  escap- 
ing in  numerous  bubbles. 

EFFLORESCENCE  is  the  effect  which 
takes  place  when  bodies  spontaneously  be- 
come conTerted  into  a  dry  powder.  It  is 
occasioned  by  the  loss  of  the  water  of  crys- 
tallisation in  saline  bodies. 

EGERAN.  A  sub-species  of  pyramidal 
garnet  Colour,  reddish-brown.  MaasiTe^ 
sometimes  crystallised  in  rectangular  four- 
sided  prisms,  with  cylindrical  coutcz  lateral 
planes.  Hie  prisms  are  long,  and  deeply 
longitudinally  streaked.  Shining,  Titreous; 
deavage  twofold;  fWu^re  uneven;  feebly 
translucent  on  the  edges;  scratches  felspar; 
brittle.  Sp.gr.a2M.  Itmelteintoablack 
scoria.  It  occurs  in  a  bed  of  felspar  and  horn- 
blende^ at  Haslan,  near  Eger  in  Bohemia. 

EGG&  The  eggs  of  bens,  and  of  bii^ 
in  general,  are  composed  of  several  distinct 
substances.  1.  The  shell  or  external  ooat- 
Sngff  which  is  composed  of  carbonate  of  lime 
.72,  phosphate  of  lime  .2,  gelatin  .a  The 
remaining  .23  are  perhaps  water.  2.  A  thin 
white  and  strong  membrane,  possessing  the 
usual  chancters  of  animal  substances.  3.  Hie 
white  of  the  egg^  ibr  which  see  Albumbn. 
4.  The  yolk,  which  appears  to  consist  of  an 
oil  of  the  nature  of  Ait  oils,  united  with  a 
portion  of  serous  matter,  sufficient  to  render 
it  diffusible  in  cold  water,  in  the  form  of  an 
emulsion,  and  concresdble  by  heat.  Yolk  of 
egg  is  used  as  the  medium  for  rendering 
resins  and  oils  diff'usible  in  water. 

EISENRAHM.  Red  and  brown;  the 
scaly  iron  ore^  and  scaly  manganese  ore. 

ELAIN.  Hie  oily  principle  of  solid  fats, 
so  named  by  its  discoverer,  M.  Chevreul. 
Chevreul  dissolves  the  tallow  in  very  pure 
hot  alcohol,  separates  the  stearin  by  crystal- 
lization, and  then  procures  the  ela^n  by  eva- 
'  poration  of  the  spirit.  But  M.  Braconnot 
has  adopted  a  simpler,  and  probably  a  more 
exact  method.  By  squeexing  tallow  between 
the  folds  of  porous  paper,  the  eMn  soaks  into 


it,  while  the  stearin  remains.  Hie  paper 
being  then  soaked  in  water,  and  pressed, 
yidds  up  ito  oily  impregnation.  EUin  haa 
very  much  the  af^Marance  and  properties  of 
vei^table  oil.  It  is  liquid  at  the  temperature 
of  60^.  Ite  smell  and  colour  are  derived 
from  the  solid  fots  from  which  it  is  extracted. 

Mufnan  elatn  is  yellow,  vrithout  odour. 
Specific  gravity  ddlS, 

Eiatn  of  ekeep  s  colourless,  a  laint  smell. 
Sp.  gr.  0.915. 

EUAn  ofoxf  colourless,  and  almost  with- 
out odour.     S^.  gr.  0.915i 

Slain  of  hog  ;  do.  da  0.915. 

JBlain  of  Jaguars  lemon  colour,  odorousL 
0.914. 

Slain  rfgoou ;  light  lemon  colour,  little 
odour.     0.929. 

Solubility  in  alcohol  of  sp.  gr.  a  7952. 

Human  elatn ;  H.  1  gr.  by  9  gr.  at  the 
boiling  point. 

Slain  oftkeep;  a79gr.  by  3  gr.  at  da 

Slain  of  OX;  5.8  gr.  by  4.7  gr.  at  da 

Slain  of  hog!  n.  1  gr.  by  9.0  gr.  at  da 

Slain  rfjaguar  i  3.35  gr.  by  2.71  gr.  at  do. 

Slain  tf  goose  ;  11 . 1  gr.  by  9.0  gr.  at  do. 

Slain  of  the  fot  of  ox,  extracted  by  alco- 
hol, yields,  by  the  action  of  potash, 

Of  saponified  lat,  92.6  parts, 

Of  soluble  matter,  7.4 

HuMe  of  the  other  fata  yield. 

Of  saponified  fiit,  89 

Of  soluble  matter,  1 1 

In  M.  Chevreul*s  7th  memoir  on  fiiti^ 
published  in  the  7th  voL  of  the  jtnnalee  tie 
Ckimie  et  de  Phyt,j  he  gives  the  following  as 
the  composition  of  the  oleates  from  sperma- 


ceti:— 


Oleic  add. 


100 


Baryta,  3L24 

Strontia,  2a  18 

Oxide  of  lead,  100.00 

If  we  suppose  the  last  a  suboleate^  tiie 
equivdent  of  this  oldc  add  will  be  28L  The 
oil  or  oldc  add  of  the  delphinus  globioeps 
is  remarkably  soluble  in  cold  dcohol,  100 
parta  of  which,  of  sp.  gr.  0.795,  at  68^,  dis- 
solve  123  of  the  dl.  When  that  dl  is  freed 
by  cold  from  a  crystdlisable  matter,  100  parte 
of  dcohol,  sp.  gr.  0.820,  dissolve  149.4  <a 
dl  at  the  atmospheric  temperature.  It  was 
sh'ghtly  add  by  the  test  of  litmus,  which  he 
ascribes  to  the  presence  of  an  aqueous  fluid. 
As  stearin  is  saponified  by  cold  strong  aU 
kdine  solutions,  while  elflSn  is  not,  these  two 
substances  may  be  separated,  by  agitating  a 
concentrated  solution  of  caustic  soda  in  con* 
tact  with  them.  The  mixture  must  be  then 
slightly  heated,  to  separate  the  eUSn  horn  the 
soap  of  stearin.  It  is  then  thrown  on  a 
filter-cloth ;  and,  findly,  the  ebufn  is  separat- 
ed fWrai  the  excess  of  dkaline  solution  by 
decantation.  This  process  is  successful  with 
all  oils,  except  those  which  are  rancid,  or 
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have  been  altered  by  fire.  Hie  eUta  ie  per- 
factly  identical  with  that  obtained  by  the 
pniceefiee  of  MM.  Cbevrail  and  Braoonnot* 
^m.PieUU  -^nn*  de  Chim.  zzii.     See  Fat. 

ELAOLITE.  A  sub-epeciei  of  pyi»- 
aidal  felqpar.  Colours,  duck-brown  inclin- 
ing to  green,  and  flesh-red  inclining  to  grey 
or  brown.  MaauTe,  and  in  granular  con- 
cretions. Lustre  shining  and  rennous.  Frac- 
ture imperfect  concfaoidid.  Faintly  translu- 
cent. Hardness  as  felspar.  Easily  frangi- 
ble. Sp.  gr.  2.6.  lu  powder  forms  a  jelly 
with  acids.  Before  the  blowpipe,  it  melts 
into  a  milk-white  enamel.  Its  constituents 
are,  46.5  silica,  da25  alumina,  0.75  lime, 
18  potash,  1  oxide  of  iron,  and  2  water.— 
Jflaprath.  The  blue  is  found  at  Laurwig, 
and  the  red  at  Stavem  and  Friedrickswarm, 
both  in  the  rock  named  zircon  tyeniu.  The 
pale  blue  has  an  opalescence^  like  the  cat*a- 
eye,  which  occasions  it  to  be  cut  into  small 
ornaments.  It  is  calledyel/ileM  by  Werner, 
from  its  resinous  nature^— JbmcMii. 

ELASTIC  BITUMEN.  See  Caoiit- 
oBouc  (Minbaal). 

ELECAMPANE.  From  the  root  of 
the  inula  heUemum^  or  elecampane^  Rose 
fuvt  extracted  the  peculiar  Tegetable  princi- 
ple called  inulin.  M.  Funke  has  since  given 
the  following  as  the  analysis  of  elecampane 
root:— 

A  cry&tallizable  Tolatile  oil, 
Inulin, 
Extractive, 
Acetic  acid, 
A  crystalUsable  resin, 
Gluten, 

A  fibrous  matter  (ligneous). 
ELECTRICITY.  The  phenomena  dis- 
played by  rubbing  a  piece  of  amber,  consti- 
tute the  first  physicid  fact  recorded  in  the 
history  of  science.  Thales  of  Miletus,  founder 
of  the  Ionic  school,  ascribed  its  mysterious 
power  of  attracting  and  repelling  light  bodies, 
to  an  inherent  soul  or  essence,  which,  awaken- 
ed by  friction,  went  forth  and  brought  back 
the  small  particles  floating  around.  In  times 
near  to  our  own,  the  same  hypothesis  was 
resorted  to  by  the  Honourable  Robert  Boyle. 
From  eUctroUf  the  Greek  name  of  amber,  has 
arisen  the  science  ef  electricity,  which  inves- 
tigates  the  attractions  and  repulsions,  the 
emission  of  light,  and  explosions,  which  are 
produced,  not  only  by  the  friction  of  vitreous, 
resinoust  and  metallic  surfaces^  but  by  the 
heating,  cooling,  evaporation,  and  mutual 
contact  of  a  vast  number  of  bodies. 

1.  General  statement  of  electrical  pheno' 
mena. 

If  we  rub,  with  a  dry  hand  or  a  silk  band- 
kerchief,  a  glass  tube,  and  then  approach  it  to 
bits  of  paper  or  cotton,  to  feathers,  or,  which 
W  better,  gold  leaf,  it  will  first  attract  these 
bodies,  and  then  repel  tliem.  If  the  tube  be 
held  parallel  to  a  table  on  which  they  liave 


been  laid,  an  ebBCtrical  danoe  wittba  ptrfiofftoo 
cd.  If  to  the  farther  end  of  the  tube  we 
bang  a  brass  ball,  by  a  thread  of  linen,  bemp^ 
or  a  metallic  wire^  the  ball  will  participate 
with  the  rubbed  tube  in  its  mysterious  powen. 
But  if  the  ball  be  suspended  by  a  ooid  of 
silk*  worstedf  or  hair,  or  by  a  lod  of  glass, 
wax,  or  pitch,  the  attractive  and  rqpulsive  vir* 
tue  will  not  pasa  into  it 

When  the  atmosphere  is  dry,  if  we  take  in 
one  hand  a  rod  of  glass,  and  in  the  other  a 
stick  of  sealing-wax,  and  after  having  rubbed 
them  against  silk  or  worsted,  approach  one 
of  them  to  a  hit  of  gold  leaf  floating  in  the 
air,  it  will  first  attract  and  then  repel  ic 
While  the  film  of  gold  is  seen  to  avoid  the 
contact  of  the  rod  which  it  has  toudied,  if  we 
bring  the  other  rod  into  its  neighbourhoodt 
attraction  vrill  immediately  ensue ;  and  this 
alternate  attraction  and  repulsion  may  be 
strikingly  displayed  by  placing  the  two  ex- 
cited rods  at  a  small  distanrff  asunder,  with 
the  gjM  leaf  between. 

If  we  suspend  dose  together,  bysilkthieadi, 
two  cylinders  of  rush-pith,  and  touch  their 
lower  ends  with  either  the  rubbed  wax  or 
glass,  the  pieces  of  pith  will  instantly  recede 
from  each  other  at  a  considerable  angle.  If 
we  now  merely  approach  to  the  bottom  of  the 
diverging  cylinders  the  rod  with  which  they 
had  been  touched,  their  divergence  will  in- 
crease ;  but  if  we  approach  the  other  rod, 
they  will  instantly  collapse  through  their 
whole  extenL  When  the  rods  are  rubbed  in 
the  dark,  a  lambent  light  seems  diffused  over 
them,  and  a  pungent  spark  will  pass  into  a 
knuckle  brought  near  them.  If  the  person 
who  makes  these  experiments  happens  to 
stand  on  a  cake  of  wax,  or  a  stool  with  glaaa 
feet,  then,  on  nibbing  the  glass  tube,  he  will 
acquire  the  above  attractive  and  repulsiYe 
powers ;  but  the  light  bodies  repelled  by  the 
tube  will  be  attracted  by  his  body,  and  vice 
versa.  Hence  we  see  that  the  rubbing  body 
acquires  dectrical  properties  dissimilar  to 
those  acquired  by  the  substances  rubbed. 

Such  is  a  sketch  of  the  elementary  i^eno- 
mena  of  electricity.  The  science,  in  its  mo- 
dern augmentation,  seems  to  comprehend  al- 
most every  change  of  the  corpuscular  world, 
however  minute  and  mysterious,  as  well  as 
the  long  recognized  and  magnificent  mcteon 
of  the  atmosphere.  Let  us  now  take  a  me- 
thodical view  of  them,  as  far  iM  the  limits  of 
o\ir  work  will  permit.  We  shall  consider  elec- 
trical phenomena  under  four  heads  :— 

1st,  Of  the  £xciTOi£NT  of  Electricity,  or 
the  various  means  by  which  the  electrical 
equilibrium  is  disturbed. 

2d,  Of  the  Two  ElectncUies, 
3d,  Of  the  DiCT&iDunON  of  Electricity. 
4tli,  Of  the  Voltaic  Battery  and  its  Ef- 
fects : -.-calorific,  or  igniting ;  and  decom- 
posing, or  the  chemical  agencies  of  electri- 
city. 
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Concerning  the  aatuine  of  the  electrical 
gwenfff^  we  are  equally  in  the  dark  as  con* 
ceraing  the  nature  of  caloric.  Tlie  pbeno- 
inena  may  be  referred,  in  both  cases,  either  to 
a  peculiar  fluid,  whose  particles  are  endowed 
with  innate  idio^repulsive  powers,  or  to  a  pe- 
culiar affection  of  the  molecules  of  oominon 


I.  OfEleetrical  ExciUmerU, 

I.  The  mutual  friction  of  all  solids,  whe- 
ther similar  or  disamtlar,  and  of  many  fluids 
against  solids,  will  invariably  excite  electrical 
phenomena,  provided  one  of  the  bodies  be  of 
such  a  nature  as  to  obstruct  the  speedy  diffu- 
sion of  the  electrical  virtue.  Hence  we  must 
commence  with  a  list  of  electrical  conductors 
and  non-conductors. 

Ist,  Hie  following  substances  conduct  or 
fiivour  the  rapid  distribution  of  electricity. 
Those  at  the  head  of  the  list  possess  a  cofr* 
ducting  power  greater  than  that  of  water,  in 
the  proportion  of  three  millions  to  one  :— 

1.  Copper  16.  Saline  solutions 

2.  Silver  17.  Animal  fluids 
a  Gold  18.  Sea  water 

4.  Iron  •  19.  Water 

5.  Tin  20.  Ice  and  snow 

6.  Lead  above  0^ 

7.  Zinc  21.  Living  vegetables 
&  Platinum  22.  Living  animals 
0.  Charcoal  2a  Flame 

10.  Plumbago  24>.  Smoke 

1 1.  Strong  acids  25.  Vi^pour 

12.  Soot  and  lamp-       26.  Salta 

bUH^k  27.  Rarefied  air 

la  MeuUic  ores  28.  Dry  earths 

H.  Metallic  oxides       29.  Massive  minerals. 
15.  Dilute  acids 

Voltaic  electricity  affords  the  means  of 
measuring  the  relative  conducting  powers  of 
bodies  with  far  greater  precision  than  com- 
mon electricity.  In  this  way  Sir  H.  Davy 
discovered  that  the  conducting  power  of  me* 
tallic  bodies  varied  witli  the  temperature,  and 
was  lower  in  some  inverse  ratio  as  the  tempe- 
rature was  higher.  Thus,  a  wire  of  platinum 
of  TT7  ^^  *^  inch,  and  3  inches  in  length, 
when  kept  cool  by  oil,  discharged  the  electri- 
city of  two  batteries,  or  of  20  double  plates ; 
but  when  suffered  to  become  heated  in  the 
air,  it  barely  discharged  one  battery.  Six 
inches  of  silver  wire  of  -^-^  discharged  the 
whole  of  the  electricity  of  65  pairs  of  plates 
of  zinc  and  double  copper,  made  active  by  a 
mixture  of  about  one  part  of  nitric  acid  of 
commerce  and  fifteen  parts  of  water.  Six 
inches  of  copper  wire,  of  the  same  diameter, 
discharged  the  electricity  of  56  pairs  of  the 
same  combination  ;  6  inches  of  tin,  12  pairs 
of  plates  only  ;  6  of  platinum,  1 1 ;  and  6  of 
iron,  only  9.  AH  the  wires  were  kept  as  cool 
as  possible  by  immersion  in  a  basin  of  water. 
Lead  and  copper  were  much  alike.— PAi7« 
Trans,  1821. 


M.  Bccquerel,  by  the  aid  of  an  electia* 
magnetic  apparatus,  obtained  the  following 
results  on  the  conductibility  of  metals,  when 
kept  cool  :— 

Copper,         -  .         100.00 

Gold,  -  -  9a60 

Silver,         -  -  7a60 

Zinc,        -  -  28.50 

Tin,  -  -         15.50 

Platinum,         -  -      16.40 

Iron,  -  -        15.80 

Lead,  -  -         8.d0 

Mercury,  -  -       a4<5 

Potassium,         -  -       1.33 

Annalg$  de  Chim.  et  de  Fhys,  xxxii.  420. 

2d,  The  following  is  a  list  of  electrical 
non-conductors,  in  the  order  of  their  insu- 
lating power  :— 

i.  Shell  hic  14.  Baked  wood,  and 

2.  Amber  dried  vegetables 

a  Resins  15.  Porcelain 

4<.  Sulphur  16.  Marble 

5.  Wax  17.  Massive  minerals, 

6.  Asplialtum  non-metallic 

7.  Glass,  and  all  vit-  18.  Camphor 
rified  bodies,  com-  19.  Caoutchouc 
prehendiug  dia-  20.  Lycopodium 
mond  and  crystal-  21.  Dry    chalk    and 
lized    transparent  lime 
minerals.  22.  Phosphorus 

8.  Raw  silk  2a  Ice  below  QP  of 

9.  Bleached  silk  Fahr. 

10.  Dyed  silk  24.  Oils,  of  which  the 

11.  Wool,  hair,  and  densest  are  best 

feathera  25.  Dry  metallic  ox- 

12.  Dry  gases  ides,  including 
la  Dry  paper,  parch*  fused    alkaline 

ment,  and  lea-  and  earthy  by- 

ther  drates. 

The  general  arrangement  of  the  above  list 
is  tolerably  correct,  though  it  is  probable  that 
phosphorus,  when  freed  from  adhering  mois- 
ture, would  stand  higher  among  insulators. 

All  material  substances  have  been  usually 
divided  into  two  classes;  of  electrics,  and  non- 
electrics.  But  this  distinction  is  groundless, 
and  calculated  to  mislead.  Every  substance 
is  an  electric,  or  capable  by  friction  of  exhi- 
biting electrical  phenomena.  Thus,  if  we 
take  any  of  the  bodies  in  the  first  place,  which 
are  commonly  called  non-electrics,  for  in- 
stance a  copper  ball,  and  insulating  it  by  a 
rod  of  any  convenient  solid  in  the  second  list, 
if  we  rub  the  ball  with  a  piece  of  silk  Cfr 
worsted,  we  shall  find  it  to  become  electrical. 
It  will  attract  and  repel  light  bodies,  and  will 
give  lucid  sparks  to  a  finger  which  approaches 
it.  To  account  for  these  appearances,  it 
has  been  said  that  the  electrical  equilibriun?, 
which  constitutes  the  common  state  of  matter, 
is  disturbed  by  the  friction  ;  and  that  one  of 
the  two  bodies  attracts  to  itself  a  surcharge  pf 
the  electrical  fluid,  while  the  other  remains  ip 


ELECTRICITY. 


418 


ELECTRICITY. 


A  defident  state ;  whence  the  terms  of  positive 
and  negative,  or  plus  and  minus,  have  arisen. 
Many  of  the  appearances,  however,  are  re- 
condled  with  difficulty  to  a  mere  excess  or 
defidency  of  one  fluid ;  and  hence  the  hypo- 
thesis  of  a  compound  fluid,  susceptible  of  de- 
composition by  friction  and  other  means,  has 
been  introduced.  The  resulting  fluids  are 
necessarily  coexistent,  the  one  appearing  on 
the  body  rubbed,  and  the  other  on  the  rubber ; 
but  since  the  one  is  most  usually  evolved  on 
the  surface  of  glass,  and  the  other  on  that  of 
resins,  the  first  has  been  called  the  vitreous, 
and  the  second  the  resinous  electridty.  These 
two  fluids,  corresponding  to  the  positive  and 
negative  of  Franklin,  by  their  reunion  pro- 
duce a  spedes  of  redprocal  neutralisation, 
and  electrical  repose.  Some  recent  investi- 
gations  of  that  profound  physico-geometer 
M.  Poisson,  render  the  second  explanation 
the  less  improbable  of  the  two.  Let  us  al- 
ways  bear  in  mind,  however,  that  the  hypo- 
thetical thread  which  we  employ  at  present  to 
tie  together  the  scattered  facts  of  electridty, 
is  probably  very  different  -from  the  chain  of 

nature. 

There  seems  to  be  no  physical  quality  com- 
mon to  the  conductors,  or  to  tlie  non-con- 
ductors, llie  crystalline  arrangement  always 
introduces  non-conducting  qualities,  more  or 
less  perfect,  if  we  exclude  the  metals.  Thus 
cariMn,  in  the  pulverulent  or  fibrous  form,  is 
an  excellent  conductor;  but  crystallized  in 
diamond,  it  becomes  an  insulator.  The  same 
difference  exists  between  water  and  ice,  and 
also  between  pounded  and  compact  glass. 
That  pounded  glass  is  indeed  a  conductor, 
appears  from  my  experhnents  to  be  certainly 
the  case.  Glass,  resins,  and  iats,  which  in 
the  solid  state  are  non-conductors,  become 
conductors  on  bdng  melted. 

On  the  evolution  of  electridty  by  friction, 
is  founded  the  construction  of  our  conunon 
electrical  machines.  It  was  supposed  at  one 
time,  that  thdr  action  was  connected  with 
the  oxidizement  of  the  amalgam  which  is 
usually  applied  to  the  face  of  the  rubber. 
But  Sir  H.  Davy  having  mounted  a  small 
machine  in  a  gUns  vessel,  in  such  a  manner 
that  it  could  be  made  to  revolve  in  any  spe- 
des of  gas,  found  that  it  was  active  in  hy- 
drc^en,  and  more  active  in  carix>nic  add  than 
even  in  the  atmosphere.  Indeed,  if  we  re- 
collect that  the  friction  of  surfaces  of  glass, 
silk,  or  sealing-wax,  is  suffident  to  produce 
dectrical  appearances,  we  cannot  suppose 
oxidizement  of  metal  to  be  essential  to  thdr 
production.  If  we  even  impel  a  current  of 
air,  or  a  minute  stream  of  pure  mercury,  on 
a  plate  of  dry  glass,  electriod  exdtement  will 
result. 

The  electrical  phenomena  excited  by  fric- 
tion are  generally  so  energetic,  as  to  require 
nothing  but  bits  of  any  light  matter  for  thdr 
0«faibition.    When  we  have  to  detect  the  dis- 


turbance of  the  deetrical  eqallibritiiii,  oee^ 
saoned  by  other  and  feebler  catiats,  more  re- 
fined electroicopie  means  are  required.  The 
most  delicate  of  ample  dectroscopes  consSst 
of  two  oblong  narrow  slips  of  gold  leaf,  sus- 
pended from  the  centre  of  the  brass  cap  of  a 
glass  cylinder,  about  2  inches  diameter,  and 
6  inches  long.  The  bottom  of  the  cylinder 
should  rest  in  a  metallic  sole ;  from  wbicfay 
on  the  opposite  sides,  two  narrow  slips  of 
tin-foil  should  rise  up  the  inner  sorftioe  of 
the  glass,  to  the  level  of  the  middle  of  the 
pendent  slips  of  gold  leaf.  Coulomb's  dco- 
troscope,  which  acts  by  the  torsion  of  a  fibre 
of  the  silk-worm,  suspending  in  a  glass  case 
a  horizontal  needle  of  shell  lac,  terminated  in 
a  little  disc  of  gilt  paper,  is  still  more  sen- 
sible, and  is  much  employed  by  the  ParisiaQ 
philosophers.  Aided  by  dther  of  these  in- 
struments, we  can  observe  the  exdtement  of 
electrical  phenomena  in  the  fbUowing  cases, 
independent  of  friction. 

8.  In  theyiatow  of  inflammable  bodies.  If 
we  pour  mdted  sulphur  into  an  insulated 
metallic  cup,  we  shall  find,  after  it  concretes, 
that  the  sulphur  and  cup  will  be  both  dee- 
trified;  the  former  with  the  vitreous,  the 
latter  with  the  resinous  dectridty ;  or  some- 
times reversely.  But  Messrs  Van  Marum 
and  IVoostwyck,  from  a  series  of  experiments 
which  they  made  on  a  number  of  bodies^ 
were  led  to  condude  that  the  dectridty  was 
produced,  in  such  cases  as  the  above,  either 
by  the  friction  from  change  of  bulk  when 
the  melted  matter  concretes,  or  from  the 
friction  which  the  electrical  bodies  undei;go 
when  they  spread  upon  the  surfaces  of  other 
bodies,  upon  which  they  are  poured  in  the 
liquid  state.  When  glacial  phosphoric  add 
congeals,  and  when  calomd  concretes  in  sub- 
limation, electrical  phenomena  are  produced. 
The  experiments  of  Henly  on  the  dectridty 
exdted  during  the  concretion  of  mdted  cho- 
colate, do  not  seem  eanly  explicable  on  the 
prindple  of  friction.  When  it  is  coaled  in 
the  tin  pans  into  which  it  is  first  reodved, 
the  dectridty  is  strong,  and  continues  for 
some  time  after  it  is  removed.  When  it  is 
again  mdted  and  allowed  to  cool,  the  electri- 
cal virtue  is  restored,  but  not  to  its  fbrmer 
strength.  After  the  third  or  fourth  AisioOy 
the  dectridty  becomes  extremdy  weak. 
When  the  chocolate  is  mixed  with  a  little 
olive  oil  before  it  is  poured  out  of  the  pan, 
it  then  becomes  strongly  dectricaL  .  Now, 
in  so  far  as  friction  is  concerned,  we  should 
have  the  dectrical  phenomena  as  dedded  at 
the  fourth  fusion  as  the  first ;  and  the  pre- 
sence of  oil  ought  to  lessen  the  effect,  as  it 
diminishes  the  friction.  It  is  highly  pro- 
bable, tiiat  the  act  of  crystallization  always 
induces  a  change  of  the  dectrical  equilibrium, 
as  the  crystalline  structure  changes  the  dec- 
trical relations  in  general. 

3.  Electricity  produced  by  evap^rittiom 
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If  on  the  cap  of  tbe  gold  leaf  electroacope  In  fttet,  H  loses  its  dectrioity  more  slowly 

wo  pkco  a  small  metallic  cup,  containing  a  than  a  piece  of  glass  in  similar  drcamstances. 

little  water,  and  drop  into  it  a  red-hot  cinder.  This  property  of  attracting  light  bodiea 

the  gold  leaTes  will  instantly  diverge  to  a  when  heated,  was  recognised  by  the  andenta 

tery  considerable  angle.     Or  if  we  insulate  In  tourmaline^  which  was  probably  their  fyi^ 

a  hot  crucible  of  iron,  copper,  silver,  or  por-  curium.     The  Dutch,  in  Ceylon,  gave  it  the 

oelain,  and  pour  into  it  a  few  drops  of  water,  name  of  jtschentrikker,  from  its  attracting 

•leohoi,  or  ether,  on  connecting  the  crucible  the  ashes  when  a  piece  of  it  was  laid  near 

with  an  dectrosoope,  electrical  phenomena  the  (Ire.     It  appears  that  a  heat  above  212^ 

will  appear.  impairs  its  electrical  activity ;  and  that  it  is 

4.  Electridty  produced  by  disengagtment  some  time  before  it  recovers  its  pristine  vir- 

of  gas.  tue.     When  the  tourmdine  is  large,  it  is 

If  into  a  platinnm  cup»  resting  on  the  top  capable  of  emitting  flashes  of  electrical  light. 

of  the  electroscope,  we  put  a  little  dilute  suL.  The  Brasiltan  or  Siberian  topaz  exhibits  the 


pburic  add,  and  then  throw  in  some  iron  same  phenomena  by  bdng  slightly  heated, 

filings  or  chalk,  the  gold  leaves  will  diverge  The'  topases  of  Saxony,  and  the  blue  topaa 

as  the  effb^escence  becomes  active.     The  of  Aberdeenshire,  are  electricd  only  by  fHc- 

same  thing  is  produdble  with  nitric  add  and  tion.     Boradte,  meaotype,  and  crystallised 

copper  filings.  calamine,  possess  similar  properties  of  becom- 

5,  Electridty  produced  by  disruption  of  a  ing  electrical  with  heat, 

solid  body.  7.  Elearidty  produced  by  cotUaet  of  dis-> 

If  we  suddenly  tear  asunder  plates  of  mica,  similar  bodies.  If  we  take  two  flat  discs, 
break  across  a  stick  of  seding-wax,  cleave  up  one  of  nlver  or  copper,  and  another  of  sine* 
a  piece  of  dry  and  warm  wood,  or  scrape  its  each  two  or  three  inches  diameter,  furnished 
surftce  with  window  glass,  or  findly  cause  a  with  glass  handles,  and  bring  them  into  mo- 
bit  of  unanneded  glan,  such  as  a  FHnceRu^  mentary  contact  by  thdr  &t  surfaces,  wa 
pert's  drop,  to  fly  asunder  by  snapping  off  a  shall  find,  on  separating  them,  that  they  are 
bit  of  ita  tdl,  the  dectricd  equilibrium  will  both  electrified.     If  we  touch  a  disc  of  suU 


be  disturbed.     Most   of  these  cases  may,  phur  gently  heated  with  the  insulated  copper 

however,   be  probably  referred  to  IHction  plate,  the  dectricd  effects  will  be  still  more 

among  the  mdeculae.     To  the  same  bead  striking.     Add  crystals,  touched  with  me- 

we  may  also  refer  the  dectridty  exdted  by  tallic   plates,    yidd    electricd    phenomena. 


various  powden  and  metallic  filings  Finally,  crystals  of  oxdic  add,  brought  into 

through  a  metallic  deve,  or  by  dropping  them  contact  with  dry  quicklime,  devdope  dectri- 

on  insulated  plates.  dty.     On  the  exdtation   of  dectridty  by 

6.  Electridty  exdted  by  change  of  tempe-  contact  of   disdmilar   chemicd  bodies,   is 

rature.  founded  the  prindple  of  gdvanic  action,  and 

M.  Haiiy  made  the  important  discovery,  the  construction  of  the  voltdc  battery.  Of 
that  the  property  of  exhibiting  electricd  phe*  this  apparatus  we  shall  treat  in  the  sequeL 
nomena  by  beat,  bdongs  to  those  ctystals  If  irj  oxalate  of  lime  be  stirred  in  a  ca|K 
only  whose  forms  are  not  synunetricd ;  that  sule  of  metal,  &c.  with  a  platinum  spatula, 
is  to  say,  of  which  one  extremity  or  dde  it  becomes  so  strongly  dectricd  that  it  can- 
docs  not  correspond  with  the  oppodte.  Thus,  not  be  cdlected  together,  but  flies  about  tbe 
for  example,  the  variety  of  tourmaline  which  dish  whenever  it  is  moved,  and  even  over  Its 
he  cdls  isogoncf  a  prismatic  crystel  of  nine  ddes.  It  requires  some  little  stirring  before 
ddes,  terminated  at  one  end  with  a  three-  the  particles  of  the  powder  are  dl  of  them 
sided,  and  at  the  other  with  k  dx-dded  pyra-  sufficiently  dectricd  to  produce  this  effect. 
mid,  when  exposed  to  the  temperature  of  After  it  is  exdted,  if  It  be  shaken,  in  small 
106^  Fahr.  shows  no  dgn  of  dectridty.  quantity,  on  the  cap  of  a  gold  lei^  electro- 
But  if  we  plunge  It  for  some  minutes  Into  meter,  the  leaves  divei^  8  or  3  inches.  Tha 
bdling  water,  and  taking  it  out  with  smdl  powder  requires  to  be  recently  and  thorough- 
forceps,  by  the  middle  of  the  prism,  present  ly  dried  to  show  these  effecti,  aa  it  is  of  a 
It  to  the  cap  of  the  dectroscope^  or  to  a  pith  very  hygrometric  quality.  Flatinum  rubbed 
ball  pendulum  already  chai|^  with  a  known  agdnst  tbe  powder  becomes  negative  ;  tha 
dectridty,  we  shall  find  it  will  attract  it  with  powder,  podtive ;  and  all  other  metals  tried« 
one  of  its  poles,  and  repd  with  the  other,  the  same  as  platinum.  When  rubbed  with 
The  three.«ided  pyramid  possesses  the  resi-  glass,  the  glass  became  strongly  negative,  tha 
nous,  and  tiie  dx-dded  the  vitreous  dectri*  oxalate  podtive,  both  bdng  dry  and  warm, 
city.  Although  an  devation  of  temperature  This  body,  therefore,  appears  to  stand  at  tha 
be  necessary  to  devdope  this  property,  it  is  head  of  the  list  of  dl  substances  as  yet  tried, 
not  needed  for  Its  mdntenance.  It  will  con-  as  to  its  power  of  becoming  podtivdy  dec. 
tinue  electrical  for  six  hours  after  its  tempe-  trioal  by  friction.  Oxalates  of  dnc  and  lead 
rature  has  fallen  to  the  former  point,  espCf  produce  none  of  these  effects.— Afr  Faraday f 
ddly  if  it  be  hud  on  an  insulating  support.  Journal  (fSdencCt  xix.  338. 
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II.  QfthettDo  ElectricUu$. 
We  bare  already  stated,  that  the  two  elec- 
tricities are  always  connate  and  simultane- 
ous. If  they  result  ftom  the  decomposition 
of  a  quiescent  neutral  compound  fluid,  we 
can  easily  see  that  this  coexistence  is  inevit- 
able. Hence  also  we  can  understand,  bow 
any  body,  by  friction,  may  be  made  to  exhibit 
either  of  the  two  electricities,  according  to 
the  nature  of  the  rubber.  The  only  excep- 
tion is  the  back  of  a  living  cat,  which  gives 
Titreous  electricity  with  every  rubber  hither- 
to tried.  To  know  the  spedes  of  electricity 
evolved,  it  is  merely  necessary  to  communi- 
cate beforehand,  to  the  slips  of  gold  leaf,  a 
known  electricity,  either  fVom  excited  glass 
or  sealing-wax.  If  they  be  divergent  with 
the  former,  theu  the  approach  of  a  body 
similarly  electrified  will  augment  the  diver- 
gence,  but  that  of  one  oppositely  electrified 
will  cause  their  collapse. 

The  following  is  a  table  of  several  sub- 
stances which  acquire  the  vitreous  electricity, 
when  we  rub  them  witli  those  which  follow 
them  in  the  list ;  and  the  resinous  electricity, 
when  rubbed  with  those  that  precede  them. 

The  skin  of  a  cat. 

Polished  or  smootli  glass. 

Woollen  stuff  or  worsted. 

Feathera. 

Dry  wood. 

Paper. 

Silk. 

Ijac. 

Roughened  glass. 
No  visible  relation  can  be  pointed  out  be- 
tween the  nature  or  constitution  of  the  sul>- 
stances,  and  the  species  of  electricity  which 
is  developed  by  their  mutual  friction.  The 
only  general  law  among  the  phenomena  is, 
that  the  rubbing,  and  the  rubbed  body,  al- 
ways acquire  opposite  electridties.  Sulphur 
is  vitreously  electrified  when  rubbed  with 
every  metal  except  lead,  and  resinously  with 
lead  and  every  other  kind  of  rubber.  Re- 
sinous bodies  rubbed  against  each  other,  ac- 
quire alternately  the  vitreous  and  resinous 
electricity ;  but,  rubbed  against  all  other  bo- 
dies, they  become  reanously  electrical.  White 
silk  acquires  vitreous  electricity  with  black 
silk,  metals,  and  black  cloth ;  and  resinous 
with  paper,  the  human  hand,  hair,  and 
weasd's  ridn.  Black  silk  becomes  vitreously 
electrical  with  sealing-wax ;  but  resinously 
with  hares',  weasds*  and  ferrets'  skins ;  with 
brass,  silver,  iron,  human  hand,  and  white 
silk.  Woollen  cloth  is  strongly  vitreous  with 
zinc  and  bismuth ;  moderately  so  with  silver, 
copper,  lead,  and  specular  iron.  It  is  resi- 
nous with  platina,  gold,  tin,  antimony,  grey 
copper,  sulpburet  of  copper,  bisuljAuret  c^ 
copper,  sulphurets  of  silver,  antimony,  and 
iron.  When  two  ribands  of  equal  surface 
are  excited  by  drawing  one  lengthwise  over 
a  part  of  the  other,  that  which  has  suffered 


friction  in  ita  whole  length  beoomea  vitre- 
ously, and  the  other  resinously,  dectrical* 
Dry  air  impelled  on  glass  becomes  resinoualy 
electrical,  and  leaves  the  glass  in  the  oppoata 
states  Silk  sluifii  agitated  in  the  atmnphcra 
with  a  rapid  motion,  always  take  the  resinoue 
electricity,  while  the  air  becomes  vitreoaaly 
dectrified.  A  riband  of  white  silk,  rubbed 
against  a  well  dyed  black  one^  aiTords  always 
marks  of  vitreous  electricity ;  but  if  the  black 
silk  be  much  worn,  and  the  white  riband  be 
heated,  it  will  yield  signs  of  resinous  electri- 
city, and,  on  cooling,  it  will  again  exhibit 
marks  of  the  vitreous.  The  general  reauU 
which  was  deduced  by  M.  Coulomb,  from 
his  very  numerous  and  exact  experiments  on 
this  curious  subject,  is  the  following  :«— 

When  the  surfaces  of  two  bodies  are  rub- 
bed together,  that  whose  component  parts 
recede  least  from  each  other,  or  elevate  least 
from  their  natural  position  of  repose,  appear* 
in  consequence,  more  disposed  to  assume  the 
vitreous  electricity :  this  tendency  augmetrts 
if  the  surfoce  experiences  a  transient  com- 
pression.    Reciprocally,  that  surfoce  whose 
partides  deviate  most  from  their  ordinary 
position  by  the  violence  of  the  other,  or  by 
any  cause  whatever,  is,  for  that  reason,  more 
disposed  to  take  the  resinous  condition.    This 
tendency  increases  if  the  surface  undergo  a 
real  dilatation.     ITie  stronger  is  this  oppoai« 
tion  of  dmimstaoces,  the  more  eneigetic  h 
tiie  development  of  clectridty  on  the  two  sur- 
faces.     It  grows  feebler  in  proportion  aa 
their  state  becomes  more  similar.     Perfect 
equality  would  nullify  the  phenomena,  pro- 
vided it  could  exist.     Thus,  when  a  dry  ani- 
mal or  vegetable  substance  is  nibbed  against 
a  rough  metallic  surface^  it  exhibits  signs  of 
rennous  electridty.     In  this  ease,  its  parts 
are  fordbly  separated.     When,  on  the  other 
hand,  it  is  rulH»ed  on  a  polished  metal,  which 
soancely  afiects  its  surfoce^  or  merely  com- 
presses the  particles,  it  dther  afibrds  no  evi- 
dence  of  electridty,  or  it  exhibits  the  vitreous 
kind.     Heat,  by  dilating  the  pores,  acta  on 
the  surffuxs  of' bodies  as  a  coarser  rubber 
would  do.     It  disposes  them  to  take  the  re- 
sinous electridty.    Thus  also,  new  black  ^■l^, 
strongly  dyed,  being  rubbed  against  a  riband 
of  white  silk,,  takes  always  the  resinous  elec- 
tridty.    But  when  the  black  stuff  is  worn, 
and  the  colour  faded,  if  we  open  the  pares  of 
the  white  riband  by  heat,  this  acquires  in  its 
turn  a  greater  tendency  to  the  resinous  elec- 
tricity than  the  black  silk,  and  oonsequendy 
makes  it  vitreous.    This  disposition  vanishes, 
as  might  be  expected,   with  the  acddental 
cause  that  produced  it ;  and  the  white  riband, 
on  becoming  cold,  reacquires  the  vitreous 
electricity.     The  blade  dye  produces  on  vrool 
the  same  efiect  as  on  silk.     A  white  riband, 
rubbed  against  white  wooUen   stuff,   givm 
always  signs  of  resinous  electridty;    but, 
against  wool  dyed  black,  it  affords  signs  of 
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the  vitreous  dectricftj.  I  have  entered  some- 
what  minutdy  into  the  detail  of  the  eppn- 
xently  trifling  causes  which  give  bixth  to  the 
one  or  the  other  electricity,  as  they  may  tend 
to  throw  some  light  on  the  electricities  evolv- 
ed among  chemical  bodies  by  friction  or 
simple  contact.  It  has  been  supposed,  in- 
deed,  that  uncombined  adds,  alkalis,  and 
metals,  are  naturally  and  constantly  in  an 
electrized  condition  ;  the  first  resinously,  the 
second  and  third  vitreously.  But  of  this 
position  there  is  neither  probalxlity  nor  evi- 
dence. The  electricity  produced  by  their 
contact,  on  an  extensive  surface,  with  other 
bodies,  is  evidently  a  disturbance  of  the  pre- 
exbting  equilibrium.  A  wire  connected  with 
the  moat  delicate  electroscope  of  torsion, 
which  moves  through  90^  with  a  force  of 
less  than  1.100,000th  of  a  grain,  will  indi- 
cate  no  electricity,  when  made  to  touch  the 
most  enefgetic  acid  or  alkaline  body. 

In  describing  ihe  two  electricities,  we  must 
not  omit  the  interesting  <^>servati<ms  of  £br- 
maa.  There  are  substances  of  the  imperfect 
conductor  class,  which  are  capable  of  receiv- 
ing only  one  kind  of  electricity,  when  made 
to  form  links  in  the  vc^taic  diain.  M.  Ebr- 
man  styled  them  unipolar  bodies.  Perfectly 
dry  9oap»  and  the  flame  of  phosphorus,  when 
connected  with  the  two  extremities  of  the  vol- 
taic apparatus,  and  with  the  ground,  dis- 
charge only  the  resinous  electricity.  The 
flames  of  alcohol,  hydrogen,  wax,  and  oil, 
^Hscharge,  under  like  circumstances,  only  the 
vitreous  electridty.  All  these  bodies,  how- 
ever, when  connected  with  only  one  pole  of 
the  pile,  and  with  the  ground,  destroy  the 
divergence  of  the  leaves  of  the  electroscope 


attached  to  that  pole.  To  render  these  r^ 
suits  manifest,  insulate  in  dry  weather  a  bat- 
teiy  of  about  200  pairs  of  plates.  Connect 
with  each  extreme  pole  the  cap  of  a  gold 
leaf  electroscope,  by  a  moveable  wire.  When 
either  electroscope  is  brought  in  contact  with 
soap  communicating  witli  the  ground,  the 
slight  divergence  of  the  gold  slip  ceases. 
But  when  ttie  soap  is  connected  with  both 
electroscopes,  and  also  with  the  ground,  the 
divergence  of  the  leaves  of  the  electroscope 
attached  to  the  zinc  end  or  vitreously  electri- 
fied pole,  will  continue,  while  the  leaves  of 
the  other  electroscope  will  collapse.  The 
inverse  order  of  effects  occurs,  or  the  cine 
electroscope  collapses,  when  the  flame  of  a 
taper  is  connected  with  both  electroscopes 
and  with  the  ground. 

Mr  Brande,  in  an  ingenious  paper  publish- 
ed in  the  Phil.  Trans,  for  1814,  has  endea- 
voured to  explain  the  curious  phenomena 
with  regard  to  flames  in  anocho'  way.  As 
some  chemical  bodies  are  supposed  by  him 
to  be  naturally  in  the  resinous,  and  others  in 
the  positive,  electrical  state,  he  supposes  that 
the  positive  flame  will  be  attracted  and  neu- 
tralise the  n^ative  polarity,  while  the  nega- 
tive flame  will  operate  a  similar  restoration 
of  the  equilibrium  at  the  positive  pole.  To 
determine  the  trutli  of  this  hypothesis,  he 
placed  the  flames  of  various  bodies  between 
two  insulated  brass  spheres,  containing  eadt 
a  delicate  thermometer.  His  first  experi- 
ment verified  Mr  Cuthbertson*s  observation, 
that  the  flame  of  a  candle  communicates  its 
heat  chiefly  to  the  negative  ball,  both  bdng 
feebly  electrified  by  a  cylindrical  machine  df 
Nairne*s  construction. 


PosUive  Ball. 
Fhosphuretted  hydrogen,  slightly. 
Cart>onic  oxide  in  a  small  stream,  doubtftiL 
Ditto  in  lai^  stream. 
The  acid  from  the  flame  of  sulphur. 
Flame  and  add  fumes  of  phosphorus. 
Stream  of  muriatic  add  gas,  shown  by  coating 

the  balls  with  litmus  paper. 
Stream  of  nitrous  add. 
Vapour  of  benzoic  add. 
Ditto  of  amber. 


Flames  attracted  by  the 


«  The  flame  of  oil,  wax,"  &c.  says  Mr 

Brande,  "  must  be  considered  as  consisting 

chiefly  of  those  bodies  in  a  state  of  vapour ; 

and  their  natural  electridties  bdng  positive, 

it  is  obvious,  that  when  connected  with  the 

potUive  pole  of  the  battery,  and  with  a  gold 

leaf  electrometer,   tlie  leaves  will  continue 

6 


Negative  Ball, 

Olefiant  gas. 

Sulphuretted  hydrogen,  slightly;  its  sul- 
phurous acid  vapour  passed  off  to  the  po- 
sitive balL 

Arsenuretted  hydrogen ;  its  arsenious  add 
passed  feebly  to  the  other  ball. 

Hydrogen ;  result  doubtful,  from  equality  of 
attraction. 

Flame  of  carburet  of  sulphur ;  its  add  ^mes 
passed  to  the  positive. 

Flame  and  alkaline  fumes  of  potassium. 

Flame  of  benzoic  add. 

Flame  of  camphor. 

Flame  of  resins. 

Flame  of  amber. 

to  diverge ;  but  when  applied  to  the  negative 
pole,  that  electrical  state  will  be  annihilated 
by  the  inherent  positive  energy  of  the  flame, 
and  consequently  the  leaves  of  the  negative 
electrometer  will  not  diverge.  On  the 
other  hand,  the  flame  of  phosphorus  is  nega- 
tively unipolar.     Now  it  has  been  shown. 
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Uiat  tliis  flame  (owing  probably  to  the  rapi- 
di^  with  whidi  it  is  formiog  a  powerful  add, 
bj  oombioation  with  a  large  quanti^  of  oxy- 
gen,) u  attracted  by  the  positively  dectrified 
surface,  and  consequently  that  it  is  itself 
n^^Te ;  so  that  it  would  transmit  n^gatiTe 
electricity  to  the  electrometer,  but  would 
annihilate  the  n^ative  power,  and  thus  i^ 
pear  as  an  insulator  under  the  particular  cir- 
cumstances which  M.  Ehrman  has  describ- 
ed." I  shall  not  stop  to  investigate  the  just- 
ness of  these  ingenious  conclusions.  They 
do  not  affect  the  unipolarity  of  dry  soap ; 
which,  on  Mr  Brande's  theory  of  that  of 
flames,  should  be  naturally  and  permanently 
in  the  state  of  positive  electricity ;  which  we 
know  it  not  to  be. 

IIL   Cfiht  Dittribudon  of  Electricity, 

Under  this  head  we  shall  be  able  to  ar- 
range several  important  phenomena,  which, 
by  their  disjunction,  have  been  frequently 
rendered  complex  and  difficult  of  compre- 
hension. We  shall  treat,  in  the  first  place, 
of  the  distribution  of  either  electricity,  insu- 
lated in  one  body,  and  in  a  system  of  bodies 
in  contact :  in  the  second  place,  the  distribu- 
tion of  electricity  in  a  system  of  contiguous 
bodies,  not  in  contact 

1.  If  we  communicate  electricity  to  an 
insulated  metallic  sphere,  we  shall  find  the 
whole  electric  power  diffused  over  its  surface, 
and  the  particles  in  its  interior  absolutely 
devoid  of  the  least  electric  virtue.  Let  the 
ball  of  iron  or  brass  have  a  hole  of  about  an 
Inch  diameter,  reaching  to  its  centre.  Then, 
on  touching  the  centre  with  a  metallic  sphe- 
rule attached  to  the  end  of  a  needle  of  lac, 
and  instantly  applying  it  to  a  delicate  elec- 
troscope, we  shall  perceive  no  sign  of  elec- 
trid^  whatever.  If  the  spherule,  however, 
touch  the  outer  edge  of  the  hol^  or  the  sur- 
face of  the  globe  at  any  point,  it  will  acquire 
a  very  manifest  dcctridty.  Hence,  if  we 
apply  for  a  moment  to  the  surface  of  an  elec- 
trified 24  pound  shot,  two  hemispherical  cups 
of  tin-foil,  furnished  with  insulating  handles, 
we  shall  find  that  the  whole  electrical  virtue 
has  passed  into  the  cups,  whose  weight  may 
not  equal  the  ten-thousandth  part  of  that  of 
the  boll.  This  distribution  is  totally  inde- 
pendent of  the  nature  of  the  substance^  and 
IS  dedudble  from  the  law  discovered  by  Cou- 
lomb, that  electrical  attractions  and  repul- 
sions are  inversely  proportional  to  the  squares 
of  the  distances. 

If  the  body  be  spherical,  the  exterior  elec- 
trical stratum,  which  always  coioddes  with 
the  surface  of  the  body,  will  be  the  same  with 
the  thin  stratum  in  its  interior.  If  the  pro- 
posed spheroid  be  an  ellipsoid,  the  inner  sur- 
face of  the  dectrical  stratum  will  be  also  a 
concentric  and  similar  ellipsoid ;  for  it  is  de^ 
monstratcd,  that  an  elliptical  stratum,  whose 
surfisces  are  thus  concentric  and  similar,  ex- 
erdaes  no  action  on  a  point  placed  in  its 


interior.  Hie  thickness  of  the  layer  in  each  of 
its  points  is  found  generally  determined  by 
this  construction.  It  hence  results,  that  this 
thickness  is  greatest  at  the  summit  of  the 
greater  axis,  and  least  at  the  summit  of  the 
smaller.  The  thidcness  corresponding  to  the 
different  summits,  are  to  each  other  as  the 
lengths  of  their  respective  axes. 

2.  Were  the  atmosphere  and  the  glass  sup- 
port perfect  non-conductors,  the  above  distri- 
bution would  continue  till  some  other  body 
vras  brought  near  to,  or  in  contact  with,  the 
ball.  But  the  surface  of  even  lacquered 
glass  yields  slowly  to  the  idio-repulsiTe 
power  of  the  electrical  fluid ;  and  the  atmos- 
phere^ ^aiilj  by  its  aqueous  partides,  and 
partly  by  its  own  feebly  conducting  power, 
continually  robs  the  globe  of  its  dectridty. 
The  immediate  aerial  envdope  no  sooner 
acquires  dectric  impregnation  than  it  re- 
cedes, and  is  replaced  by  a  new  sphere  of 
gaseous  particles.  By  this  intestine  aerial 
movement  of  repulsion  and  attraction,  the 
ball,  in  a  short  time,  loses  its  excess  of  vitrei 
Otts  or  resinous  dectridty,  and  resumes  the 
neutral  state.  By  pladng  it  in  the  centre 
of  a  dry  glass  recdver,  the  period  of  electri- 
sation may  be  prolonged,  but,  sooner  or 
later,  the  electric  equilibrium  is  restored  be- 
tween it  and  the  surrounding  matter. 

3.  If  we  bring  into  contact  with  the  abore 
dectrised  ball,  an  undectrified  one  of  the 
same  bulk,  but  of  a  very  different  wdgh^ 
we  shall  find  an  equd  <Ustribution  to  take 
place  between  them.  An  insulated  disc  dr 
spherule^  applied  to  the  surface  of  each,  will 
be  capable  of  affecting  a  graduated  dectro- 
meter  of  torsion  to  the  same  d^^ree.  We 
thus  perodve  that  bodies  do  not  act  on  dec- 
tridty by  any  spedes  of  elective  attraction  or 
affinity.  Tliey  must  be  rq^ded  merdy  aa 
vessels,  in  which  this  power  is  distributed 
agreeably  to  the  laws  of  mechanics. 

When  tlie  above  globes  are  separated,  their 
electricities  diffuse  themselves  unifcMmly 
about  them,  and  the  quantities  are  found 
equal  when  the  surfaces  are  so.  But  if  the 
surfaces  be  unequd  in  any  given  ratio»  it  then 
happens  that  the  quantity  of  electridty  varica 
in  a  different  ratio,  which  is  less  tlian  that  of 
the  surfaces.  Thus  Coulomb  ascertained, 
that  when  the  surface  of  the  smaller  globe 
was  nearly  one-fifleenth  of  that  of  the 
larger,  its  quantity  of  dectric  fluid  was  one- 
eleventh.  The  following  is  his  generd  table 
of  results  :<— 

Surfkoeofaihere  DeiMlty  In  UWe  sphere, 

otuMw  w  i|iu««.  whose  nirfiwe  b  1. 

1  1 

4  L06 

16  1.30 

64  1.65 

Infinite,  less  than  2.00 

Do.  cdcuhited  by  M.  Poiason,  1.65 


Tlie  difference  therefore  cau  never  amount 
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to  two.    -He  placed  two  globes,  each  of  two 
laches  diameter,  in  a  line  with  a  globe  of 
eight  inches  diameter ;  the  two  smiller  ones 
being  in  contact,  and  one  of  them  with  the 
laiger.     He  found  that  |he  quantity  of  elec- 
tricity of  the  smaller  globe,  most  distant  from 
the  greater,  was  to  that  of  the  intermediate 
as  2.54f  to  1.     Four  globes  of  two  inches 
being  placed  in  a  row,  successively  in  con* 
tact  with  each  other,  and  with  a  globe  of 
eight  indies  diameter,  the  ratio  of  the  qnan* 
titles  of  electricity  taken  by  tlie  small  globe, 
farthest  from  the  large  one,  and  that  nearest 
it,  was  found  to  be  3.4  to  1.    Having  placed 
24  globes,  each  of  two  inches  diameter,  in  a 
like  series  with  the  larger  globe.  Coulomb 
compared  the  24th  little  globe,  that  is  to  say, 
the  last  in  the  row,  with  others  in  the  same 
row,  and  the  results  were  as  follow  :— - 
24th  to  the  23d  as  1.49  to  1 
24th  to  the  12th  as  1.7    to  1 
24th  to  the  1 0th  as  2.1    to  1 
24th  to  the  1st, 
which  was  in  contact 
with  the  large  globe,       as  3.72  to  1 

24th  to  that  of 
the  lai^  globe,  as  2. 16  to  1 

When  two  electrified  spheres,  of  equal  size, 
in  contact,  are  examined  as  to  the  state  of 
the  electricity  on  the  different  points  of  tlieir 
surfaces,  we  have  the  following  relations :— - 


ition  of  the  points 
compared. 

90oand20o 

Katlo  of  tbe  ceoood  thick, 
ucss  to  tbe  first. 

insensible 

90          30 

0.2083 

90          60 

0.7994 

90          90 

1.0000 

90         180 

1.0576 

If  the  diameters  of  tbe  two  globes  be  as  2 
to  1, — 

90?  and  30^  insensible 

90  60  0.5882 

90  90  1.0000 

90         180  1.3333 

That,  in  ordinary  cases,  electricity  is  con« 
fined  to  the  surfaces  of  bodies,  not  merely  by 
the  non-conducting  faculty  of  tlie  air,  but  by 
a  species  of  mechanical  pressure  which  air 
exercises,  becomes  evident,  when  we  lessen 
the  density  of  the  air  by  exhaustion.  Thou^ 
the  conducting  aerial  particles  are  thus  sreat- 
ly  dimiaidicd  in  numh^  rendering  t^  in- 
sulation  apparently  more  complete,  yet  the 
electric  power  now  emanates  with  vast  rapi- 
dity from  the  electrised  ball,  in  visible  corus- 
cations. Rarefied  air  is  therefore  a  good 
conductor. 

4b  By  touching  various  points  of  insulated 
electrized  bodies  with  a  little  disc  of  metallic 
foil,  cemented  to  the  end  of  a  needle  of  lac, 
which  he  applied  to  his  electrometer,  M. 
Coulomb  ascertained  the  variation  of  electri- 
cal density  that  exists,  at  different  points,  on 
the  surfaces  of  bodies  of  difiVrent  forms  and 
magnitudes.     He  thus  found,  that  towards 


the  extremities  of  all  oblong  condutting 
bodies,  whether  thin  plates,  prisms,  or  cylin- 
ders, there  is  a  rapid  augmentation  of  the 
electricity.  He  insulated  a  circular  cylinder 
of  two  inches  diameter  and  tliirty  inches  in 
length,  terminated  at  each  end  with  a  hemis- 
phere. By  comparing  the  quantities  of  elec<* 
tricity  accumulated  at  the  centre,  and  at 
various  points  near  to  its  extremities,  be 
found— 

The  ratio  of  the  second 
electroinetric  torsion 
to  the  first. 
Touched  at  the  middle  and  2 

inches  from  the  end,  to  be  1.25 
At  1  from  ditto,  -  1.80 
And  at  the  end,         -      2.30 

When  the  cylinder  becomes  more  and 
more  slender  towards  its  extremities,  tlie  in- 
crease of  electricity  becomes  in  these  parts 
more  considerable,  and  more  rapid.  Lastly, 
if  the  extremity  of  the  cylinder  be  prolonged 
like  the  apex  of  a  cone,  the  accumulation 
which  occurs  at  this  point  becomes  so  strong, 
that  tbe  resistance  of  the  air  is  no  longei* 
sufficient  to  retain  tbe  electricity  on  the  sur- 
face of  the  conducting  body,  and  it  escapes 
in  luminous  coruscations,  visible  in  the  dark* 
In  this  case,  tbe  uniform  distribution  of  elec- 
tricity extends  to  a  very  small  distance  from 
tbe  pointed  extremity.  We  thus  perceive 
why  bodies  furnished  with  sharp  projections 
rapidly  lose  tlie  electricity  communicated  to 
them.  In  like  manner,  a  circular  plate  of 
five  inches  diameter,  when  electrified,  has  at 
its  centre  an  intensity  of  1 ,  at  one  inch  from 
it  1.001,  at  two  inches  1.005,  at  three  inches 
1.17,  at  four  inches  1.52,  at  four  and  a  half 
inches  2.07,  and  at  the  border  2.9  times  that 
of  the  centre.  We  can  thus  understand  how 
electrical  machines,  furnished  with  elongated 
prime  conductors,  furnish  very  vivid  sparks. 

Of  the  distribution  of  electricity  among 
contiguous  bodies,  not  in  contact,—* 

Xiet  us  examine  first  what  happens  when 
two  electrified  spheres,  separated  from  cox^ 
tact,  are  removed  to  a  little  distance  froin 
each  other.  A  very  remarkable  phenomenon 
is  then  developed.  We  have  seen,  that  dur- 
ing contact  the  electricity  is  of  the  same 
nature  on  tlie  two  spheres.  To  fix  our 
ideas,  let  us  suppose  it  to  be  vitreous.  We 
have  likewise  seen  that  it  is  null  at  the  point 
of  contact.  Now,  at  the  instant  of  separat- 
ing the  two  spheres,  if  their  dimensions  be 
unequal,  this  nullity  no  longer  exists.  A 
part  of  tbe  combined  electricity  of  the  small 
sphere  is  decomposed,  and  that  which  is  of  a 
nature  opposite  to  the  electricity  of  tbe  great 
sphere^  namely  the  resinous  in  the  present 
example,  is  carried  towards  the  point  where 
the  contact  occurred.  This  effect  diminishes 
according  as  we  remove  the  two  spheres 
from  one  another,  and  it  becomes  null  at  a 
certain  distance,  which  depends  on  the  ratio 
of  their  radiu     Then  the  point  of  the  little 
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sphere,  wbere  the  contact  was,  p—aei  hmk 
Into  its  State  during  the  contact ;  that  is  to 
say,  it  has  no  species  of  electricity.  DeparU 
ing  from  this  terra,  if  we  augment  -the  dis- 
tance, the  electricity  remains  of  the  same 
nature  over  the  whole  surface  of  the  little 
Sphere,  and  that  nature  is  the  same  as  during 
the  contact  Hiese  phenomena  are  always 
peculiar  to  tlie  smaller  of  the  two  spheres, 
whatever  may  be  the  quantity  of  electricity 
communicated  to  them.  On  the  larger 
sphere,  the  electricity  is  always  and  through- 
out  of  the  same  kind  as  at  the  moment  of 
contact 

In  an  experiment  made  by  Coulomb,  the 
great  globe  being  eleren  inches,  and  the 
small  four  in  diameter,  the  opposition  of  the 
two  electricities  continued  till  the  distance 
became  two  inches.  When  the  diameter  of 
the  latter  was  only  two  and  a  half  inches,  the 
opposition  continued  till  the  distance  became 
two  and  a  half  inches,  but  not  beyond. 
When  the  globes  are  equal,  these  peculi- 
arities do  not  take  place. 
'  When  two  oppositely  electrised  spheres  are 
gradually  approached  towards  each  other,  the 
thickness  of  the  electric  coating  at  the  nearest 
points  of  their  two  surfiues  becomes  greater, 
tond  increases  indefinitely  as  their  distance 
diminishes.  Tlie  pressure  exercised  by  the 
electricity  against  the  plate  of  air  interposed 
between  the  two  bodies,  augmenta  progres- 
siTely,  and  terminates  by  OTercoming  the  r^ 
sistance  of  the  air.  The  fluid  then  escaping 
tinder  the  form  of  a  spark  or  otherwise,  must 
pass,  previous  to  the  actual  contact,  from  one 
surface  to  the  other. 

Hus  action  at  a  distance  is  a  key  to  the 
principal  phenomena  of  electricity. 

In  our  first  inquiries  we  remarked,  that 
electrised  bodies  attract,  or  seem  to  attract, 
«n  the  light  matters  presented  to  them,  with- 
out its  being  necessary  to  develop  in  the 
latter  the  electric  faculty,  either  by  friction 
or  communication.  But  now  we  must  con- 
ceive^  that  this  development  is  spontaneously 
'effected  by  the  mere  influence,  at  a  distance, 
*of  the  electrized  body,  on  the  combined  elec- 
tricities of  the  small  bodies  around.  Tims 
«n  the  attractions,  whether  real  or  apparent, 
which  we  observe^  take  place  only  between 
electrized  bodies. 

When,  therefore,  ma  insulated  conducting 
body  B,  which  is  in  the  natural  state,  is  put 
In  presence  of  another  insulated  electrised 
body  A,  the  electricity  distributed  on  the 
surAwe  of  A  acts  by  influence  on  the  two 
combined  and  quiescent  electricities  of  B, 
decomposes  a  quantity  of  them  proportional 
to  the  intensity  of  its  action,  resolving  it  into 
ita  two  constituent  principles.  Of  these  two 
electricities  become  free,  A  attracts  the  one, 
and  repels  the  otfier.  The  second  is  carried 
to  the  portion  of  the  surface  of  B  which  is 
"most  remote  from  A :  the  first  to  the  conti- 


guous surface.  These  two  electricities  react 
m  their  turn  on  the  free  dectricity  of  A,  and 
even  on  ita  combined  electricities^  (if  which  one 
part  is  decomposed  by  this  reaction,  and  is  se- 
parated, if  the  body  A  be  also  a  conductor. 
Hiis  new  separation  induces  a  new  deoom- 
poeiticm  of  the  combined  electricity  of  B ; 
and  thus  in  succession,  till  the  quantities  of 
each  principle  become  free,  or  the  two  bodies 
come  into  an  equilibrium,  by  the  balandng 
of  all  the  attractive  and  repulsive  forces  which 
they  mutually  exercise^  in  virtue  of  tiieir  si- 
milar or  dissimilar  nature. 

If  A  is  vitreously  electrized,  and  the  ooa- 
ductor  B  is  a  cylinder,  the  end  of  it  adjoin- 
ing to  A  will  be  resinous,  and  the  remote 
end  vitreous,  while  the  middle  portion  wfll 
be  nearly  neutral. 

If  we  now  touch  this  remote  end  with  a 
third  insulated  conductor  C,  in  the  natural 
state,  and  then  remove  it,  we  shall  find  it 
charged  with  vitreous  electricity.  Or  if  we 
touch  the  remote  end  of  the  second  conductor 
vrith  a  finger,  and  after  withdrawing  it  sepa- 
rate the  first  and  second  insulated  conductors 
to  a  considerable  distance,  we  shall  find  that 
B  has  acquired  electricity,  iodependent  of  tiie 
presence  of  A.  Had  we  not  toudied  it^  how- 
ever, then  on  putting  ^wm  asunder,  B,  no 
longer  exposed  to  the  influence  of  A,  would 
instantly  recover  its  natural  state.  The  two 
decomposed  electricities  would  in  this  case 
flow  back  from  the  extremities,  and,  recom- 
bining,  restore  the  equilibrium.  If  A  was 
vitreousy  the  touch  of  an  unelectrified  finger 
would  make  B  pass  into  the  resinoosly  elec- 
trical state,  by  opening  a  diannel,  so  to  speak* 
for  the  repelled  vitreous  electricity  to  esc^>e. 
We  see  also  how  this  action  and  reaction  ma  j 
prodigiously  increase  the  intensity  of  an  elec- 
tricity originally  very  feeble.  On  tiiis  prin- 
ciple we  can  at  pleasure  communicate  to  an 
insulated  conductor,  either  of  the  electricities^ 
from  one  dectrified  body  or  source. 

Thus,  having  excited  a  stick  of  sealing- 
wax,  by  rubbing  it  on  the  sleeve  of  our  eoatt 
we  may  make  tiiis  resinous  electricity  pro- 
duce either  the  resinous  or  the  vitreous  states 
in  the  gold  leaves  of  an  dectroscope.  If  we 
hold  the  stick  at  a  little  distance  above  tbe 
cap  of  the  dectroscope,  the  leaves  vrill  idb- 
mediately  diverge ;  and  if  we  then  remove  it, 
they  will  instantiy  collapse.  If  we  now  toudi 
the  cap  for  an  instant  with  the  sealing-wax, 
the  leaves  will  acquire  die  same  clecuiial 
state ;  they  wili  continue  diveigent,  with  r^ 
sinous  electricity.  Let  us  restore  the  natiK 
ral  state,  by  touching  the  csp  with  our  finger. 
Holding  again  the  sealing-wax  a  little  above 
the  electroscope,  let  us  tiien  toudi  ita  cap  for 
a  moment  with  our  finger,  and,  after  renaor- 
ing  it,  withdraw  the  wax— *we  shall  perceiv« 
the  leaves  continue  to  diverge^  and  on  trying 
the  species  of  electricKy,  we  shall  find  it  to 
be  the  vitreous ;  for  the  approach  of  excited 
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wmz  will  make  the  diver^gMice  diminiBb,  while 
that  of  excited  glaae  will  make  it  increaae. 

These  reciproeal  attractions,  repulsion^ 
and  decompoaitiooa  of  the  electrical  coia- 
poundy  explain  perfectly  the  action  of  the 
condenser  of  electricity  as  contrived  by  (Epi- 
mia  or  Volta,  and  improved  by  Cuthbertson ; 
of  the  electiophoms;  of  the  Leyden  jar;  and 
in  some  measure  of  that  mysterious  appara- 
tus»  the  voltaic  battery.  To  this  subject  ail 
our  preceding  electriod  researches  may  be 
considered  as  merely  introductory;  for  this 
instrument  constitutes  the  great  link  between 
electricity  and  chemistry,  deriving  probably 
its  uninterrupted  series  of  impulsive  dischar- 
gea»  and  consequently  its  marvellous  power 
of  chemical  analysis,  iWMn  the  conjoined 
agendes  of  electricity  and  elective  attraction. 

IV.  Of  FoUaie  EUetricUy. 

The  accidental  suspension  of  recently  kill- 
ed frogs,  by  coppor  hooks,  to  the  iron  pali- 
sades of  his  gaitien,  was  the  occasion  of  the 
celebrated  Gaivani  observing  certain  convul- 
sive movements  in  the  limbs  of  the  animals, 
which  no  known  principle  could  explain,  and 
thenceforth  of  opening  up  to  mankind  a  rich 
and  boundless  field  in  physical  science.  As 
the  practical  nature  of  this  worii  precludes  us 
from  entering  into  historical  details,  we  shall 
at  once  proceed  to  describe  the  present  state  of 
9oUaic  eUdricity  and  eUetrO'Ckemuiry^  Gai- 
vani had  ascribed  the  muscular  movements 
to  a  series  of  discharges  of  a  peculiar  elec- 
tricity, inherent  and  innate  in  living  beings, 
to  which  the  name  ammo/  eUclricify,  or  the 
more  mysterious  term  gaivaniinh  was  for 
some  time  given.  Volta  proved,  that  the 
phenomena  proceeded  from  the  contact  of 
the  two  dissimilar  metals,  copper  and  iron, 
producing  such  a  disturbance  of  the  dectri- 
cal  equilibrium,  as  was  sufficient  to  affect 
the  most  delicate  of  all  electroscopes,  the 
irritability  of  a  newly  killed  frog,  though  it 
was  insensible  to  every  electroscope  of  hu- 
man construction.  He  fully  verified  this 
fine  theory  by  showing,  that  a  few  contacts 
of  the  dissimilar  metals,  sine  and  silver,  in 
the  form  of  discs,  furnished  with  insulating 
boodles,  were  capable  of  affecting  the  com- 
mon condenser  of  electricity.  Gaivani,  how- 
ever, anxious  to  defend  his  own  hypothesis, 
which  linked  bis  name  to  the  science^  ad- 
duced some  curious  focts,  which  proved  that 
muscular  convulsions  could  be  produced  in 
the  limbs  of  dead  frogs,  altogether  indepen- 
dent of  metals.  This  led  V(dta  to  the  further 
discovery,  that  other  dissimilar  bodies  besides 
metals  were  capable,  by  contact,  of  disturbing 
the  electrical  equilibrium. 

Since  a  slender  rod  of  silver  and  of  line, 
touching  each  other  at  one  of  tlieir  ends, 
and  at  the  other  brought  into  contact  with 
the  nerve  and  muscle,  or  spine  and  toes  of  a 
dead  frog,  could  excite  powerful  convulsions, 
it  occurred  to  Volta,  that  a  repetition,  on  a 


noore  extended  auiAoe^  of  that  simple  series 
of  two  metals  and  moisture,  might  produce 
•  combined  effect,  capable  of  being  felt  by 
the  human  hand.  By  a  most  philosophical 
prosecution  of  his  own  principle,  he  happily 
succeeded  in  constructing,  by  regular  alter- 
nation of  discs  of  silver,  sine,  and  moistened 
cloth  or  pasteboard,  reared  in  a  columnar 
form,  the  electro-chemical  pile  and  battery, 
which  will  associate  the  name  of  Volta  to 
that  of  Gaivani  through  each  succeeding  age. 
The  compound  metallic  arcs  of  copper  and 
line^  with  which  he  connected  a  circle  of 
cups  containing  salt  water,  to  form  his  com- 
ronne  det  tattei,  may  be  regarded  as  the  same 
apparatus  in  a  hcmxontal,  instead  of  a  colum- 
nar arrangement.  The  former  construction 
was  happily  modified  by  Mr  Cruikshanks  into 
the  voltaic  trough ;  while  the  latter  has  sug- 
gested the  arrangement  of  parallel  porcelain 
cells,  into  which  a  concatenated  series  of 
compound  metallic  plates  is  immersed. 

Amid  the  crowd  of  philosophers,  who, 
after  Gaivani  and  Volta,  entered  this  ardu- 
ous field,  two  are  pre-eminent  for  the  in- 
genuity igod  success  of  their  investigations, 
Dr  WoUaston  and  Sir  H.  Davy.  The  first 
had  the  singular  merit  of  tracing  up  the  an- 
alogy between  the  mysterious  operations  of 
galvanic  and  of  common  electricity;  and 
afterwards  invent^  an  apparatus,  by  which 
this  agent  can  excite  vivid  ignition  in  almost 
a  microscopic  compass.  Of  the  discoveries 
made  by  Sir  H.  Davy  in  voltaic  electricity 
and  in  diemistry,  by  the  sagacious  applica- 
tion of  its  unlimited  powers,  it  is  difficult  to 
speak  in  the  cold  language  of  philosophy, 
lliey  probably  surpass  in  importance,  as  they 
do  in  splendour,  the  united  discoveries  a£ 
preceding  chemists ;  and  when  the  breath  of 
contemporary  envy  shall  sink  into  the  grave, 
they  will  shine  forth  on  the  diadem  of  Eng- 
lish science,  companion  gems  to  the  diamond 
of  Newton. 

I  shall  now  endeavour  to  give  a  brief  sur- 
vey (tf  voltaic  phenomena,  conducting  my 
steps  by  the  researches  of  these  philosophers. 

There  are  six  great  eras  in  electro-diemi- 
cal  science :-— 1.  Its  first  discovery  by  Gai- 
vani ;  2.  Volte's  discovery  of  the  contact  of 
dissimilar  metals  disturbing  the  electric  equi- 
librium ;  3.  Volte's  invention  of  the  pUe ; 
4i.  The  chemical  power  of  this  instrument, 
first  observed  by  Messn  CarUale  and  Nichol- 
son, in  the  decomposition  of  water ;  5.  The 
identity  of  these  chemical  effects  with  those 
producible  by  common  electricity,  firat  dis- 
covered and  demonstrated  by  Dr  Wollaaton, 
in  his  admirable  "  Experiments  on  the  Che- 
mical IVoduction  and  Agency  of  Electrici- 
ty;"  and,  lastiy.  The  general  laws  of  electro- 
chemical decomposition  and  transfer,  reveal- 
ed by  Sir  H.  Davy,  in  a  series  of  memoin 
equally  remarkable  for  genius  and  industry. 
It  is  but  justice  to  this  philosopher  to  state. 
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that  the  gcnn  of  his  most  splendid  discove- 
lies  was  manifestly  formed  and  exhibited^ 
immediately  after  the  construction  of  the  pile 
was  announced.  Volta's  celebrated  letter, 
descriptiTe  of  his  invention,  is  dated  Coro<^ 
Mwrch  20.  1800:  it  was  published  in  the 
Philosophical  Transactions^  in  the  autumn  of 
that  year;  and  in  Nicholson's  Journal  for 
September  of  the  same  year,  we  have  an  im- 
portant communication  from  Sir  H.  Davy, 
then  superintendant  of  the  Pneumatic  In- 
stitution at  Bristol. 

Mr  Carlisle  having  been  favoured  by  Sir 
Joseph  Banks  with  a  private  perusal  of  Vok- 
ta*s  letter,  constructed  a  pile ;  and  in  the  be- 
ginning oif  May,  assisted  by  Mr  Nicholson, 
made  several  experiments  on  the  decomposi- 
tion of  water,  and  the  reddening  of  litmus 
by  its  means ;  but,  out  of  delicacy  to  the 
IVofessor  of  Pavia,  these  were  not  published 
till  July.  Mr  Nicholson,  in  a  masterly  ac- 
count of  Volta*s  discovery,  Mr  Carlisle's, 
and  his  own,  says,  "  We  had  been  led  by  our 
reasoning  on  the  first  appearance  of  hydrogen, 
to  expect  a  decomposition  of  the  water  ;  but 
it  was  with  no  little  surprise  that  we  found 
the  hydrogen  extricated  at  the  contact  with 
one  wire,  while  the  oxygen  fixed  itself  in 
combination  with  the  other  wire,  at  the  dis- 
tance of  almost  two  inches.  Tliis  new  (act 
still  remains  to  be  explained,  and  seems  to 
point  at  some  general  law  of  the  agency  of 
electricity  in  chemical  operations." 

"  Struck,"  says  Sir  H.  Davy,  *<  with  the 
curious  phenomena  noticed  by  Messrs  Ni- 
diolson  and  Carlisle,  namely,  the  apparent 
separate  production  of  oxygen  and  hydrogen 
ft^om  different  wires,  or  from  different  parts 
of  the  water  completing  the  galvanic  circle, 
my  first  researches  were  directed  towards  as- 
certaining, if  oxygen  and  hydrogen  could  be 
separately  produced  from  quantities  of  water 
not  immediately  in  contact  with  each  other." 
He  then  proceeds  to  describe  very  ingenious 
and  decisive  experiments,  in  which  he  pro- 
duced the  distinct  evolution  of  oxygen  and 
hydrogen,  from  water  contained  in  two  sepa- 
rate glasses,  even  when  the  communication 
was  made  between  them  through  dead  mus- 
cular fibre,  through  his  own  body,  or  e? en 
through  three  persons.  He  next  submits 
water,  deprived  of  its  loosely  combined  oxy- 
gen by  boiling,  to  the  voltaic  pile,  and  ob- 
tains its  two  constituents  in  a  pure  state. 

"  Reasoning,"  says  he,  "  on  this  separate 
production  of  oxygen  and  hydrogen  from 
difi^ment  quantities  of  water,  and  on  the  ex- 
periments of  Mr  Henry,  junior,  on  the  ac- 
tion of  galvanic  electricity  on  diflTerent  com- 
pound bodies,  I  was  led  to  suppose,  that  the 
constituent  parts  of  such  bodies  (supposing 
tbem  immediately  decomposable  by  the  gal- 
vanic infhience)  might  be  separately  extri- 
cated from  the  wires,  and  in  consequence 
obtained  distinct  from  each  other,**     After 


submitting  solution  of  potash  to  the  voltuc 
powers  of  100  pairs  of  small  plates,  without 
obtaining  the  expected  decomposition,  be  ob- 
serves, **  Surprised  at  these  results,  whidi 
proved  that  no  decompo«tion  of  potash  had 
taken  place,  and  that  that  substance^  in  this 
mode  of  operating,  only  enabled  the  galvanic 
infiuence  to  extricate  oxygen  and  hydragea 
more  rapidly  from  water,  I  was  induced  to 
operate  upon  this  substance  in  the  way  of 
direct  communication. "  Still  only  the  water 
was  decomposed,  as  we  might  now  expect. 
He  finally  describes  the  decomposition  of 
water  of  ammonia,  as  well  as  sulphuric  and 
nitric  acids,  and  concludes  by  correcting  an 
error  into  which  Dr  Henry  had  fallen,  con- 
cerning a  supposed  decomposition  of  potash. 
"  If,"  says  he,  **  the  ratio  between  the  quan- 
tities of  oxygen  and  hydrogen  produced  from 
the  difiTerent  wires  be  always  the  same,  what- 
ever substances  aro  held  in  solution  by  tbe 
water  connected  with  them,  this  nascent  hy- 
drogen will  become  a  powerfid  and  accurate 
instrument  of  analysis." 

Dr  Wollaston  coated  the  middle  of  a  very 
fine  silver  wire,  for  two  or  three  inches,  with 
sealing-wax,  and,  by  cutting  it  through  in 
the  middle  of  the  wax,  exposed  a  section  of 
the  wire.  The  two  coated  extremities  of  the 
wire,  thus  divided,  were  immersed  in  a  solu- 
tion of  sulphate  of  copper,  placed  in  an 
electric  circuit  between  the  two  conducton 
of  a  cylindrical  machine ;  and  sparks  taken 
at  I-IOth  of  an  inch  distance  were  passed  by 
means  of  them  through  the  solution.  Afler 
100  turns  of  the  machine^  the  wire  which 
communicated  with  (what  is  called)  the  ne- 
gative conductor,  had  a  precipitate  formed  on 
its  surface,  which,  on  being  burnished,  was 
evidently  copper ;  but  the  opposite  wire  had 
no  such  coating. 

Upon  reversing  the  direction  of  the  cur- 
rent of  electricity,  the  order  of  the  fdieno- 
mena  was  of  course  reversed ;  the  copper 
being  shortiy  redissolved  by  assistance  of  tbe 
oxidating  power  of  positive  electricity,  and 
a  similar  precipitate  formed  on  the  opposite 


wire. 


A  similar  experiment,  made  with  gold  wires 
1- 100th  of  an  inch  diameter,  in  a  solution 
of  corrosive  sublimate,  bad  the  same  success. 

If  a  piece  of  sine  and  a  piece  of  silver 
have  each  one  extremity  immersed  in  the 
same  vessel,  containing  sulphuric  or  muri- 
atic acid  diluted  with  a  large  quantity  of 
water,  the  zinc  is  dissolved,  and  yields  hy- 
drogen gas  by  decomposition  of  the  water : 
the  silver  not  being  acted  upon,  has  no  power 
of  decomposing  water ;  but  whenever  the 
sine  and  silver  are  made  to  touch,  or  any 
metallic  communication  is  formed  between 
them,  hydrogen  gas  is  also  produced  at  the 
surface  of  the  silver.  Any  other  metal  be- 
side sine,  which,  by  the  assistance  of  tbe 
acid  employed,  is  capable  of  decomposing 
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water*  will  succeed  equaUj*  if  the  wire  con- 
sists of  a  metal  on  which  the  add  has  no 
cffiict 

Experiments  analogous  to  the  former*  and 
equally  simple,  may  also  be  made  with  many 
metallic  solutions.  If,  for  instance,  the  so- 
lution'contains  copper,  it  will  be  precipitated 
by  a  piece  of  iron,  and  will  appear  on  its  sur- 
plice. Upon  silver  merely  immersed  in  the 
same  solutiont  no  such  dSTect  is  produced ; 
but  as  soon  as  the  two  metals  are  brought 
into  contact,  the  silver  receives  a  coating  of 
copper. 

In  the  explanation  of  these  experiments, 
says  Dr  Wollaston,  it  is  necessary  to  advert 
to  a  point  established  by  means  of  the  electric 
pile.  We  know,  that  when  water  is  placed 
in  a  drcuit  of  conductors  of  electridty  be- 
tween the  two  extremities  of  a  pile,  if  the 
power  is  sufficient  to  oxidate  one  of  the 
wires  of  communication,  the  wire  connected 
with  the  opposite  extremity  afibrds  hydrogen 
gss.  Since  the  extrication  of  hydrogen  in 
this  instance  is  seen  to  depend  on  electridty, 
it  is  probable  that,  in  other  instances,  elec- 
tridty may  be  also  requisite  for  its  conver- 
sion into  gas.  It  would  appear,  therefore^ 
that  in  the  solution  of  a  metal,  electricity  is 
evolved  during  the  action  of  the  add  on  it ; 
and  that  the  formation  of  hydrogen  gas,  even 
In  that  case,  depends  on  a  transition  of  elec- 
tricity between  the  fluid  and  the  metaL 

We  see,  moreover,  in  the  experiments  with 
xinc,  that  this  metal,  without  contact  of  any 
other,  has  the  power  of  decomposing  water ; 
and  we  can  have  no  reason  to  suppose  that 
the  contact  of  the  silver  produces  any  new 
powo*,  but  that  it  serves  merely  as  a  con- 
ductor of  electridty,  and  thereby  occasions 
the  formation  of  hydrogen  gas.  In  the  next 
experiment,  the  iron  by  itself  has  the  power 
of  precipitating  copper,  by  means,  it  is  pre- 
sumed, of  electridty  evolved  during  its  so- 
lution ;  and  here  likewise  the  silver,  by  con- 
ducting the  electricity,  acquires  the  power  of 
precipitating  the  copper  in  its  metallic  state. 

The  explanation  now  given,  with  regard 
to  these  voltaic  combinations  of  single  pairs, 
receives  additional  confirmation  from  the 
above  comparative  experiments  with  com- 
mon electricity.  These  show,  that  the  same 
transfer  of  chemical  power,  and  Uie  same  ap- 
parent reversion  of  the  usual  order  of  che- 
mical affinities,  in  the  predpitation  of  copper 
by  silver,  may  be  effected  by  a  conmion  elec- 
trical machine. 

The  chemical  agency  of  common  electric 
city  is  thus  proved  to  be  the  same  with  the 
power  excited  by  chemical  means ;  but  since 
a  difference  had  been  observed  in  the  com- 
parative fadlity  with  which  the  pile  of  Volta 
decomposes  water,  and  produces  other  ef- 
fects dT  oxidation  and  deoxidation  of  bodies 
exposed  to  its  action,  Dr  Wollaston  was  at 
pains  to  remove  this  difficulty,  and  succeeded 


ia  producing  a  very  close  imitation  of  the 
galvanic  phenomena,  by  common  electri- 
dty. 

It  had  been  thought  necessary  to  employ 
powerful  machines,  and  large  Leyden  jarB» 
for  the  decomposition  of  water  i  but  when 
he  considered  that  Uie  decomposition  must 
depend  on  duly  proportioning  the  strength 
of  the  chaige  of  electridty  to  the  quantity 
of  water,  and  that  the  quantity  exposed  to 
its  action  at  the  surface  of  communication^ 
depends  on  the  extent  of  that  surface ;  by 
redudng  this,  he  effected  tiie  decomposition 
of  water  by  a  much  smaller  machine.  Hav- 
ing procurad  a  small  wire  of  fine  gold,  and 
given  it  as  fine  a  point  as  he  could,  he  in- 
serted it  into  a  capillary  glass  tube;  and  after 
heating  the  tube,  so  as  to  make  it  adhere  to 
the  point,  and  cover  it  in  every  part,  he  gra* 
dually  ground  it  down,  till,  with  a  pocket 
lens,  he  could  discover  that  the  point  of  the 
gold  was  exposed. 

The  success  of  this  metiiod  exceeding  his 
expectations,  he  coated  several  wires  in  the 
same  manner,  and  found,  that  when  sparks 
from  the  conductors  before  mentioned  were 
made  to  pass  through  water,  by  means  of  a 
point  so  guarded,  a  spark  passing  to  the  dis- 
tance of  one-eighth  of  an  inch  would  de- 
compose water,  when  the  point  exposed  did 
not  exceed  l-700th  of  an  inch  in  diameter. 
With  another  point,  which  he  estimated  at 
l-1500tii,  a  succession  of  sparks  l-20th  of 
an  inch  in  length  afforded  a  current  of  small 
bubbles  of  air.  But  in  every  way  in  which 
he  tried  it,  he  observed  that  each  wire  gave 
both  oxygen  and  hydrogen  gas,  instead  of 
their  being  formed  separately  as  by  the  elec- 
tric pile. 

He  is  inclined  to  attribute  the  difference 
in  this  respect  to  the  greater  intensity  wiUi 
which  it  is  necessary  to  employ  common  elec- 
tridty ;  for  that  positive  and  negative  elec- 
tricity, so  exdted,  have  each  the  sante  che- 
tnical  power  as  they  are  observed  to  have  in 
the  electric  pile,  may  be  ascertained  by  other 
means. 

In  the  predpitation  of  copper  by  silver, 
an  instance  of  deoxidation  by  negative  elec- 
tricity has  been  mentioned.  The  oxidating 
power  of  positive  electricity  may  be  also 
proved  by  its  effect  on  vegetable  colours. 

Having  coloured  a  card  with  a  strong  in- 
fusion of  litmus,  he  passed  a  current  of  elec- 
tric sparks  along  it,  by  means  of  two  fine 
gold  points  touching  it  at  the  distance  of  an 
inch  from  each  other.  The  effect,  as  in  other 
cases,  depending  on  the  smallness  of  the 
quantity  of  water,  was  most  discernible  when 
the  card  was  nearly  dry.  In  this  state  a  very 
few  turns  of  the  machine  were  suffident  to 
occasion  a  redness  at  the  positive  wire,  very 
manifest  to  the  naked  eye.  The  negative 
wire  bang  afterwards  placed  on  the  same 
spot,  soon  restored   it  to  its  original  blue 
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colour.    B J  ihe  Tolnic  fSke,  te 
ate  pfodoeed  in  a  nracb  lot  ^mt, 

Dr  WoOasloo  eonduda,  that  all  the  dif* 
ftreoon  dbooveraUc  in  the  cflerti  of  galra. 
oic  and  cuinmon  electiicitj,  nay  be  owing 
to  Ihe  former  being  lot  intcnae^  bot  prodoc- 
ed  in  nnidi  Urger  quantitj. 

A  wire  ooooectcd  witii  the  sine  extnmitf 
of  a  Toltaic  pile  of  50  or  100  pain,  being 
mmA^  to  tooch  tiie  bnMi  cap  of  the  electro, 
foope,  wilt  cause  the  gold  leaTCs  inaCandy  to 
diverge  with  vitreous  electricity ;  a  wife  con- 
nected with  the  copper  end  will  make  them 
^▼Cfge  with  rerinotts  ckctridtj ;  bot  a  wire 
ftom  the  middle  of  the  pile  will  haTeno  cAct 
on  the  dectfotcope* 

If  wiret  of  platinum  from  the  oppodte 
extremities  of  the  pile  be  introduced  into  any 
solution  of  a  neutral  salt  containing  acid, 
united  to  alkaline,  earthy,  or  common  metaU 
Kc  matter,  add  matter  will  collect  round  the 
vitreoosly  electrified  or  positiTe  surface ;  al- 
kali, eailh,  or  oxide,  round  the  rednonsly 
dectrified  or  negative  surface.  If  two  sepa- 
nte  vesseb  are  employed  to  contain  the  solu- 
tion, connected  by  m<iist  asbestos,  it  is  found 
that  the  add  collected  in  the  vessd  contain- 
ing the  wire  podtivdy  electrified,  will  be  in 
definite  proportion  to  the  matter  collected  in 
the  other  cup ;  thai  is,  it  will  form  with  it  a 
neutrosaHne  compound.  If  aqueous  muriatic 
acid  be  acted  on  by  the  wires,  hydrogen  will 
separate  at  the  negative  surfaces,  and  chlorine 
at  the  positive. 

The  preceding  may  be  regarded  as  the  ele- 
mentary and  fundamentd  facts  discovered 
with  regard  to  voltaic  electridty.  Before 
describing  its  greater  and  more  complex  ope- 
rations, we  shall  give  an  account  of  the  va- 
nous  modifications  of  the  apparatus. 

In  the  original  trough  of  Cruikshanks,  the 
contact  of  every  pair  of  copper  and  zinc  plates 
was  secured  by  soldering  their  surfaces  toge- 
ther. Each  compound  metallic  plate  bdng 
of  a  square  form,  was  fixed  tight  by  cement 
into  grooves  cut  in  the  sides,  and  across  the 
bottom,  of  the  oblong  mahogany  box.  The 
cells  between  every  pdr  of  plates  were  filled 
with  the  neutrosdine  or  addulous  exdting 
Kquid.  Tlie  difficulty  of  cleaning  the  sur- 
fkces  of  the  plates  in  this  construction,  and 
an  idea  that  the  quantity  of  electridty  was 
proportiond  to  the  nnc  surface  exposed  to 
oxidizement,  led  to  the  rerivd  of  the  cou- 
ronnes  det  iaaet  arimngement.  In  this,  the 
square  plates  of  nnc  and  copper  in  each  pair 
were  placed  pardld  to  each  other,  at  a  dis- 
tance of  about  hdf  an  inch,  and  soldered  to- 
gether at  the  middle  of  one  edge  by  a  rectan^ 
gnlar  narrow  arc  of  copper.  Each  pair  was 
fixed  pardld  to  the  preceding  pdr,  and  at  a 
distance  corresponding  to  the  width  of  the 
cells  in  the  porceldn  trough,  by  screwing 
thdr  rectangular  arcs  to  a  rod  of  baked  and 
wdl  varnished  wood.     Ten  or  a  dozen  pdrs 
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couM  mos  ax  once  oe  coovsBsemij 
plunged  mlo^  cf  removed  from,  the  exciting 
fiqmd.  By  connecting  togeliicr  a  seiiaa  ox 
Aeae  troughs,  a  very  powerful  battcify  waa 
ciblsined.  Kote  recently,  Dr  WbDaslon  haa 
ienocieo  it  prnpapir,  tnat  tne  igmin^  m- 
nuence  oi  me  vonasc  appararas  is  incieasea 
by  pladng  oppodte  to  both  surftces  of  the 
sine,  at  die  distance  of  one-eigfath  or  one- 
Iborth  of  an  inch,  a  copper  piatei  At  least 
the  astonishing  power  of  ignition  exhibited 
by  his  pair  of  small  plates,  seems  to 


For  compactneas  of  stmctnre^  and  coove- 
mcBceinuse,  I  prdcr  the  origind  mahogany 
box  and  soldered  pdis  of  plates  of  Cruik- 
shanks. Hie  dnc  surfiKes  may  be  easfly 
need  from  adhering  oxide,  by  a  sted  scraper 
of  a  proper  shape.  Nor  do  I  find  that  tlria 
form  of  apparatus  is  notably  inferior,  in  cbe- 
micd  effect,  to  the  separate  plates  of  the  same 
size  in  poroddn  odb.  Dr  Hare  of  Fhik^ 
ddphia  has  latdy  contrived  an  ingenious  mo- 
dification of  Dr  WoUaston's  angle  igniting 
pdr,  which,  from  its  great  power  of  exdting 
heat,  and  its  smdl  dectric  intendty,  he  haa 
styled  a  cdorimcter. 

When  the  plates  are  very  laige,  they  must 
be  constructed  on  the  plan  of  the  porcelain 
trough.  In  this  way,  Mr  Children  arranged 
his  gigantic  battery,  the  most  magnifioent 
vdtdc  iqiparatus  which  the  world  has  hitherto 
seen.  It  consisted  of  20  pdrs  of  copper  and 
dnc  plates,  each  plate  dx  feet  kmg  and  two 
Ibet  eight  inches  broad.  Each  pair  is  joined 
at  top  by  ribands  of  lead,  and  has  a  separate 
wooden  cdL  They  are  suspended  lirom  a 
beam  of  wood,  and,  having  oounterpdses,  are 
eadly  raised  or  let  down  into  their  cdk. 
Hie  power  of  this  battery  was  first  tried  on 
Sd  July  18ia  The  cells  were  filled  with 
water  60  parts,  and  a  mixture  of  nitric  and 
sulphuric  add  one  part,  which  was  gradually 
increased  till  the  quantity  of  acid  was  doubled. 
Conductora  of  lead  conveyed  the  dectridtgr 
to  an  adjdning  shade,  in  which  the  experi- 
ments were  made.  Hie  power  of  the  battery 
was  prodigious.  It  ignited  dx  feet  in  length 
of  thick  platinum  vrire ;  but  could  not  ignite 
an  equd  length  of  smaller  platinum  wire. 
Hiis  difierence  was  ingeniously  ascribed  by 
Dr  WoUaston,  to  the  cooling  influence  of 
the  dr  acting  more  eflScadously  on  the  dea- 
der mass  of  metd.  Platinum,  in  shorter 
lengths,  was  fused  with  great  facility.  Iri- 
dium was  melted  into  a  globule^,  and  proved 
to  be  a  brittle  metaL  The  compound  ore 
of  iridium  and  osmium  was  likevrise  fused, 
but  not  perfecdy.  Cbarcod  kept  at  a  white 
heat  in  chlorine  and  chlorocarbonous  gaMS, 
produced  no  change  on  them.  Ndther  tung- 
sten nor  uranium  was  any  vray  changed  by 
this  vast  battery. 

At  a  very  early  period  of  his  iHustrieus 
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eltctro-cfaemicil  oavecr,  Sir  H.  Davy  infant' 
ed  Tsrioua  ▼oluic  constnuitums,  in  which 
ctthtr  only  one  metal  was  employed^  or  no 
metallic  body  at  all*  Among  the  teignti/io 
new9  inserted  in  the  Philosophical  quarto 
Journal  for  May  180 1»  we  are  told  that  he 
had  formed  piles,  consisting  of  the  single 
metals,  silver,  copper,  sine,  and  lead ;  and 
that  one  of  the  arrangements  was,  a  plate  of 
metal,  doth  soaked  in  dilute  nitrous  add, 
doth  soaked  in  water»  and  doth  soaked  in 
solution  of  sulphuret  of  potash ;  then  ano* 
ther  plate  of  the  same  metal,  and  the  three 
cloths  as  before.  It  Is  added,  that  if  a  trough 
be  used  with  cells,  and  the  separation  h^ 
tween  the  arid  and  the  sulphuret  of  potash 
be  made  by  a  plate  of  horn,  instead  of  the 
doth  imbibed  with  water,  the  two  fluids  may 
be  oonneeted  by  a  slip  of  wetted  doth  hung 
over  the  upper  edge  of  the  horn.     This  wiU 


complete  the  oommunicatiov,  wittiout  occM^ 
iioning  any  mixture^  because  water  is  lighter 
than  any  of  the  other  fluids.  A  full  account 
of  these  new  and  very  curious  annangementa 
was  published  in  the  Philosophical  Transaiv 
tions  for  the  above  year,  and  is  copied  into 
the  December  Number  of  Nicholson's  Jour- 
nal. 

Silver  or  copper,  in  the  above  construction, 
forms  an  electoical  apparatus,  which,  with  a 
series  of  fifty  plates,  wiU  give  shocks.  When 
the  structure  is  that  of  a  pile,  the  cloth  im- 
pregnated with  the  densest  solution  should 
be  undermost  in  each  alternation,  and  solu- 
tion of  common  salt  in  the  middle. 

The  following  tables  contain  some  series, 
which  form  voltaic  dectrical  comlHnation% 
arranged  in  the  order  of  thdr  powers ;  the 
most  active  substances  bdng  named  first  in 
each  column. 


TABLBSt  bjf  Sir  R,  Davi^,  of  tome  BUclri* 
ad  Arrang0nunti%  vMeht  by  conMnation, 
form  voltaic  batterietf  eompoted  of  two  con^ 
ductorst  and  ome  imperfect  conductor* 

The  metal,  first  named,  is  positive,  in  refe- 
rence to  all  those  that  follow  it  :— 

IfUh  ordinary  add*  .•— - 

Potassium  and  its  amalgams,  barium  and 
its  amalgamsji  amalgam  of  sine,  sine,  amal- 
gam of  ammonium,  cadmium,  tin,  iron,  Us- 
mutb,  antimony,  lead,  copper,  silver,  palla- 


dium, tellurium,  gold,  charcoal,  p]atinum» 
iridiumt  rhodium. 

WUh  alkaUae  Bolutiont : — 

llie  metals  of  the  alkalis  and  their  amal- 
gams, zinc,  tin,  lead,  copper,  iron,  silver, 
palladium,  gold,  platinum,  &c. 

^Uh  the  toluHons  of  hydrosulphurets '.'— 

Zinc,  tin,  copper,  iron,  bismuth,  silver, 
platinum,  palladium,  gold,  chanoaL-^PhiL 
Trans.  1826. 


TABLE  11.— Q^  some  Electrical  Arrangements,  consisting  of  one  conductor 

and  lioo  imjierfect  conductors* 


Solution  of  sulphur  and  potash 

Copper 

Nitric  acid. 

of  potash 

Silver 

Sulphuric  add. 

of  soda 

Lead 

Muriatic  add. 

Tin 

Any  solution  con- 

* 

Zinc 

taining  add. 

Other  metals 

Charcoal 

The  metals  having  the  strongest  attraction 
for  oiyge%  arc  the  metals  which  form  the 
positive  pole,  in  all  cases  in  which  the  fluid 
menstrua  act  chemically,  by  affording  ozy* 
gen;  but  when  the  fluid  menstrua  afford 
sulphur  to  the  metals,  tlie  metal  having  the 
strongest  attrsction  for  sulphur,  under  the 
existing  circumstances,  determines  the  posi- 
tive pole.  Thus,  in  a  series  of  copper  and 
iron,  introduced  into  a  porcelain  trough,  the 
celk  of  which  are  filled  with  water,  or  with 
acid  solutions,  the  iron  is  positive,  and  the 
copper  negative;  but  when  the  cells  are  fill- 
ed with  solutions  of  sulphur  and  potash,  the 
copper  is  positive,  and  the  iron  n^^ve. 

In  all  combinations  in  which  one  metal  is 
concerned,  the  surface  opposite  the  acid  is 


negative,  while  that  in  contact  with  the  solu- 
tion of  alkali  and  sulphur,  or  of  alkali,  is 
positive. 

Every  one  who  has  a  perception  of  the 
beautiful  in  philosophical  research,  must  re- 
gard this  important  law,  discovered  by  Sir 
H.  Davy,  with  admiration.  It  promises  to 
lead  us  eventually  into  the  mysteries  of  elec- 
tro-chemical action,  farther  than  any  general 
prindple  hitherto  established.  It  gives  ano- 
ther fine  analogy  between  electridty  and 
heat.  For  as  the  disengagement  of  the  latter 
power  is  always  proportional  to  the  intensity 
of  chemical  combination,  so  in  the  present 
case  we  see^  that  the  intenser  chemical  action 
is  connected  with  the  evolution  of  positive 
electricity,  while  the  feebler  is  associated  with 


ELECrmCITY. 


4Si 


CLECTRICIIX 


tfaa  negaClYe.  The  poiitif«  dediicitj,  if  we 
ivdgB  from  the  appcanmce  of  its  Hgfat,  k  the 
more  ectiTe  of  the  two ;  aad  H  b  known  fo 
pnHuote  the  most  intense  combinations  ot 
bodies,  viz.  those  with  chlorine^  iodine^  and 
oxygen. 

'fbe  divergence  of  the  leaves  in  the  goU- 
leaf  electroscope,  and  more  exactly  the  sepa- 
ration of  the  ball  and  disc  in  the  dectoo- 
meter  of  Coalorob^  are  proportional  to  the 
resilient  force,  or  intensity,  of  the  electrical 
agene.  Hence,  the  lepetitioh  a£  a  series  of 
tnoderate-sixed  voltaic  plates,  indicates  the 
same  repelling  energy  on  these  instmmcntSy 
as  the  same  series  of  much  larger  pbtes. 
¥^th  regard  to  imperfoct  conductors,  like 
the  human  body,  or  neutroaaline  solutions, 
the  effects,  namely,  the  shock,  and  transfer 
of  the  elements^  are  also  proportional  to  the 
electrical  intensity,  or  electroscopic  indica- 
tions. For  these  purposes,  we  need  not  en- 
large the  plates  beyond  a  certain  size,  which 
is  relative  to  the  conducting  power  of  the 
substances  through  which  the  electrical  energy 
is  to  be  transmitted.  But  with  excellent 
conductors,  like  charcoal  and  the  metals,  the 
quantitjf  of  electricity,  and  not  its  state  of 
condensation,  is  to  be  r^arded.  The  inten- 
sity is  essentia],  to  enable  it  to  communicate 
electrical  polarities  to  a  series  of  material 
liquid  molecules,  or  to  force  its  way,  so  to 
speak,  through  the  animal  frame.  But  the 
same  intensity  is  altogether  superfluous  rel»> 
five  to  metallic  objects.  To  operate  changes 
on  these,  we  must  favour  the  evolution  of  a 
great  mass  of  electrical  power,  by  using 
plates  of  extensive  areas. 

To  prove  the  justness  of  these  views,  let 
us  bring  into  action,  by  the  same  exciting 
liquid,  a  clean  battery  of  20  pain  of  1  inch, 
and  20  pairs  of  1 0  inch  plates.  On  exposing 
a  small  column  of  water,  in  a  glass  tube,  first 
to  tlie  one  battery  and  then  to  the  other,  or 
on  connecting,  with  the  two  hands,  first  the 
extremities  of  the  one  and  then  those  of  the 
other,  we  shall  perceive  the  evolution  of 
gases,  or  the  shock,  to  be  nearly  equal. 
While  the  energy  of  the  larger  battery  is  act- 
ing on  the  water  or  human  body,  let  two 
little  (Cylinders  of  charcoal,  connected  with 
the  ends  of  the  trough  by  metallic  wires,  be 
made  to  touch  each  other,  the  electrical  ex- 
cess will  be  sufficient  to  produce  virid  igni- 
tion at  the  points  of  contact  Silver  leaf 
may  be  sub^tuted  for  the  charcoal,  with  a 
similar  effect.  The  little  battery,  however, 
exhausts  its  energy  on  the  column  of  water. 
When  thus  employed,  it  will  give  scarcely 
any  sensation  to  the  fingers,  and  produce  no 
eff'ect  on  the  charcoal  or  leaf.  Even  the 
battery  of  Mr  Children,  which,  after  igniting 
great  lengths  of  platinum  wire  to  a  white- 
ness insupportable  to  the  eye,  fused  it  into 
globules,  and  which  emitted  from  charcoal 
a  light  more  dazzling  than  the  sunbeam,  had 


no  lAore  ellbet  on  water,  and  Ibe  liviDgbodyv 
than  an  equal  scries  of  little  plates* 

As  Mr  Children's  battery  is  the  moat 
powcrftd  in  the  worid  in  cal^ryie  efeet^  ao 
that  of  9000  pain  of  plates,  of  32  incfaea 
each,  furnished  by  the  subscription  of  a  lew 
patrons  of  science  connected  with  the  Royal 
Institntion,  la  the  most  powerful  yet  con- 
stmcted  in  Hectro'tkewucal  imienntjf,  Tim 
whole  snrlaoe  is  128,000  square  inches. 

This  battery,  when  the  cells  were  filled 
with  00  parts  of  water,  mized  with  one  part 
of  nitric  add  and  one  of  sulphuric  add* 
aflbrded  a  aeries  of  brilliant  and  impressive 
eflFeds.  When  pseces  of  diarcoal,  about  a& 
inch  long,  and  one-sixth  of  an  inch  in  dia- 
meter, were  brought  within  l-dOth  or  l-40tli 
of  an  inch  of  each  odier,  a  bright  qiark  wat 
produced,  and  more  than  half  the  volume  of 
the  charcoal  beonne  ignited  to  whiteness; 
and  by  drawing  bade  the  points  a  little  from 
each  other,  a  constant  disduuge  took  place, 
through  the  heated  air,  jn  a  space  equal  at 
least  to  four  inches,  produdng  a  most  bril- 
liant ascending  arch  of  light,  expanded  and 
conical  in  the  middle.  When  any  substance 
was  introduced  into  this  archy  it  instantly 
became  ignited. 

Platinum  mdted  in  it,  like  wax  in  the 
flame  of  a  common  candle.  Quartz,  the 
sapphire,  magnesia,  lime,  all  entered  into 
fusiim.  FVagments  of  diamond,  and  points 
of  charcoal  and  plumbago,  rapidly  disappear* 
ed,  and  seemed  to  evaporate  in  it,  even  when 
the  connexion  was  made  in  a  recdver  ex« 
hausted  by  the  air-pump ;  but  there  was  no 
eridenoe  of  their  baring  preriously  under- 
gone fusion. 

When  the  communication  between  the 
points,  positively  and  negatively  electrified* 
was  made  in  air  rarefied  in  the  recdver  of 
the  air-pump,  the  distance  at  which  the  dis- 
charge took  place  increased  as  the  exhaustion 
proceeded ;  and  when  the  atmoqihere  in  the 
vessd  supported  only  an  inch  of  mercury  in 
the  barometrical  gauge,  the  sparks  passed 
through  a  space  of  nearly  half  an  inclu  By 
making  the  points  recede  fW>m  each  other, 
the  discharge  was  made  through  6  or  7 
inches,  produdng  a  most  beautiful  corusea* 
tion  of  purple  light ;  the  diarcoal  became  in* 
tensely  ignited,  and  some  platinum  wire  at» 
tached  to  it  fused  with  brilliant  sdntillatjons^ 
and  fell  in  large  globules  upon  the  plate  of 
the  pump.  All  the  phenomena  of  diemical 
decomposition  were  produced  with  intense 
rapidity,  by  this  combination.  When  the 
points  of  charcoal  were  brought  near  each 
other  in  non-conducting  fluids,  such  as  oils» 
ethers,  and  chloridic  compounds,  brilliant 
sparks  occurred,  and  elastic  matter  was  ge- 
nerated. Such,  indeed,  was  the  electric  in* 
tensity,  that  sparks  were  produced  even  in 
good  imperfect  conductors,  such  as  the  nitric 
and  sulphuric  acids. 
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When  the  two  conducton  firoiii  the  ends 
t>f  Che  eombination  Were  connected  with  a 
Leyden  betCery,  one  whh  the  internal,  the 
other  with  the  external  coating,  the  battery 
instuitly  became  charged,  and  on  removing 
the  wire^  and  making  the  proper  connexions, 
either  a  shock  or  a  spark  could  be  perceived ; 
and  the  least  possible  time  of  contact  was 
sufficient  to  renew  the  charge  to  its  full  in- 
tensity. 

The  general  facts,  of  the  connexion  of  the 
increase  of  the  <lifierent  powers  of  the  battery 
with  the  increase  of  the  number  and  surfhce 
of  the  series,  are  very  distinct;  but  to  deter- 
mine the  exact  ratio  of  the  connexion,  is  a 
problem  not  easy  of  solution. 

MM.  Gay  Lussac  and  Thenard  announc- 
ed, that  the  power  of  chemical  decomposition 
increases  only  as  the  cube  root  of  the  number 
of  plates ;  but  their  experiments  were  made 
with  parts  of  piles,  says  Sir  H.  Davy,  very 
unfaToureble  for  gaining  accurate  results. 
In  Tarious  trials  made  by  him,  with  great 
care,  in  the  laboratory  of  the  Royal  Institu- 
tion, the  results  were  altogether  different. 

The  batteries  employed  were  parts  of  the 
abore  great  combination,  carefully  insulated, 
and  simibvly  charged :  arcs  of  sine  and  sil- 
Ter  presenting  equal  surfaces,  arranged  in 
equal  glasses,  filled  with  the  same  kind  of 
fluid,  were  likewise  used;  and  the  tubes 
were  precisely  similar,  and  filled  with  the 
same  solution  of  potash.  In  these  experi- 
ments, 10  pairs  of  plates  produced  Id  me». 
sures  of  gas ;  20  pairs  produced  in  the  same 
time  49 :  again,  10  pairs  produced  five  mea- 
sures ;  40  pairs  in  the  same  time  produced 
78  measures.  In  experiments  made  with 
arcs,  and  which  seemed  unexceptionable^ 

4  pairs  produced        1      measure  of 

gSB. 

18  in  the  same  time    9^ 
"When  6  produced  1 

30  -  24.5. 

Now,  these  quantities  are  nearly  as  the 
squares  of  the  number  of  pairs. 

In  batteries  whose  plates  haVe  equal  areas, 
the  calorific  power  has  been  said  to  be  as  the 
number.  Sir  H.  Davy  howeyer  found,  that 
when  the  surface  of  each  was  100  square 
inches,  10  pairs  ignited  2  inches  of  phuinum 
wire  l-80th  of  an  inch. 

90     do.      da     5  inches     da     da 
40      da      do.    11  inches     do.     da 

The  results  of  experiments  on  higher  num- 
bers were  not  satisfactory ;  for  100  pairs,  of 
32  square  inches  each,  ignited  three  inches  of 
platinum  wire  l-70th  of  an  inch ;  and  1000 
ignited  only  13  inches.  Tlie  charges  of  ex- 
citing acid  were  similar  in  both  cases. 

The  ratio  between  the  increase  of  calorific 
power,  and  increased  area  of  the  plates,  is 
probably  greater  than  even  the  square.  For 
no  pairs  of  plates,  containing  each  two  square 
itet,  did  not  ignite  onc^sixtcentli  as  much 


wire  as  20  pairs  containing  each  eight  squart 
feet ;  the  acid  employed  being  of  the  tame 
strength  in  both  cases.  But  great  difliculties 
occur  10  ensure  accuracy  in  experiments  on 
extensiye  and  powerful  batteries. 

•  In  Sir  H.  Davy's  great  Bakerian  Lecture 
on  the  chemical  agencies  of  electricity,  pul>> 
lished  in  the  PhU.  Trans,  for  1807,  and  most 
deservedly  crowned  by  the  National  Institute 
of  France  with  the  Napoleon  prise,  he  amply 
demonstrated  that  adds,  which  are  electri- 
cally negative  with  respect  to  alkalis,  metals, 
and  earths,  are  sepanvted  from  these  bodies 
in  the  voltaic  circuit  at  the  positive  pole ;  and 
alkalis,  metals,  and  earths,  are  separated  from 
adds  at  the  negative  surlace.  He  showed 
further,  tiiat  such  are  the  attracting  powers 
of  these  surfaces,  that  acids  are  translerred 
through  alkaline  solutiom,  and  alkaUs  through 
add  solutions,  to  the  poles  where  they  have 
their  points  of  repose,  lliis  was  exhibited 
by  making  a  combination  of  three  agate  cups, 
one  containing  sulphate  of  potash,  one  weak 
nitric  add,  ai^  a  third  distilled  water.  The 
three  were  connected  by  asbestos  moistened 
in  pure  water,  in  such  a  manner  that  the 
surface  of  the  add  was  lower  than  the  sur- 
face of  the  fluid  in  the  other  two  cups. 
When  two  wires  of  platina  from  a  powerful 
voltaic  apparatus  are  introduced  into  the 
two  extreme  cups,  the  solution  of  the  salt 
bdng  positively  electrified,  a  decomposition 
took  place ;  and  in  a  certain  time  a  portion 
of  potash  was  found  dissolved  in  Uie  cup  in 
contact  with  the  negative  wire,  tiiough  the 
fluid  in  the  middle  cup  was  still  sensibly 
acid. 

Such  are  the  chemico-analytical  powers  of 
electridty,  that  not  even  insoluble  compounds 
are  capable  of  resisting  their  energy;  for 
glass,  sulphate  of  baryta,  fluor-spar,  gypsum, 
marble^  &c.  when  moistened  and  placed  in 
contact  with  electrified  surfaces  from  the  vol- 
taic apparatus,  are  sensibly  acted  on,  and  the 
alkaline,  earthy,  or  acid  matter,  slowly  caiw 
ried  to  the  poles  in  the  common  order.  Not 
even  the  most  solid  aggregates,  nor  the 
firmest  compounds,  are  capable  of  resisting 
this  mode  of  attack.  Its  operation  is  slow, 
but  the  results  are  certain;  and  sooner  or 
later,  by  means  of  it,  bodies  are  resolved  into 
simpler  forms  of  matter. 

Till  Sir  H.  Davy  estabtished  die  grand 
law  of  electro-chemical  decomposition,  that 
metals,  inflammable  bodies,  alkalis,  earths, 
and  oxides,  are  determined  to  the  negative 
surface  or  pole^  and  oxygen,  chlorine,  iodine^ 
and  acids,  to  the  positive  pole,  it  had  been 
imagined  that  various  substances  might  be 
generated  from  pure  water  by  means  of  elec- 
tricity, such  as  potash,  soda,  and  muriatic 
add.  A  strict  investigation  of  the  drcum- 
stances  under  which  these  substances  ap- 
peared, led  him  to  discover  that  they  were 
always  furnished  from  the  vessels,  or  fitvn 
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SmporitieB  in  the  wsler ;  and  enabled  him  to 
determine  the  general  principles  of  electrical 
decomposition,  and  to  apply  this  power  to 
the  resolution  of  sereral  species  of  matter  of 
unknown  nature  into  their  elements,  namely, 
the  alkalis,  earths,  boracic  and  muriatic  acids, 
&c. 

The  intimate  relation  between  the  electri- 
cal  and  chemical  changes,  is  evident  likewise 
in  the  general  phenomena  of  the  battery. 
The  most  powerful  voltaic  combinations  are 
formed  by  substances  that  act  chemically 
with  most  energy  upon  each  other.  Such 
substances  as  undergo  no  chemical  changes 
in  these  combinations,  exhibit  no  electrical 
powers.  Thus,  sine,  copper,  and  nitric  acid, 
form  a  powerful  battery ;  while  silver,  gold, 
and  water,  which  do  not  act  chemically  on 
each  other,  produce,  in  series  of  the  same 
number,  no  perceptible  effect.  These  cir* 
cumstances,  in  the  infancy  of  galvanic  re- 
search, led  to  the  belief  tliat  the  electrical 
phenomena  were  entirely  the  results  of  che- 
mical changes ;  and  that  as  heat  was  pro- 
duced by  diemical  action,  under  common 
circumstances,  so  electricity  resulted  from  it 
under  other  circumstances. 

lliis  generalization  seems,  however,  to  be 
incorrect.  Zinc  and  copper,  different  metals 
and  oxalic  acid,  different  metals  and  sulphur 
or  charcoal,  exhibit  electrical  effecto  after 
mere  contact,  and  that  in  cases  when  not  the 
slightest  chemical  diange  can  be  observed. 
If  in  these  experiments,  indeed,  chemical 
phenomena  are  produced  by  the  action  of 
menstrua,  ^  electrical  effects  immediately 
cease. 

The  source  of  action  of  the  voltaic  appara- 
tus seems  to  depend  upon  causes  similar  to 
those  which  produce  the  accumulation  in  the 
Leyden  battery,  namely,  ihat  influence  at  a 
distance,  or  electrical  induction,  which  was 
fuUy  treated  of  at  tiie  commencement  of 
this  article.  But  its  continuous  action,  or 
electro-motion,  is  connected  with  the  de- 
composition of  the  chemical  menstrua  b»> 
tween  the  plates.  Each  plate  of  zinc,  in  the 
first  place,  is  made  positive  and  each  plate 
4if  copper  negative,  by  contact ;  and  all  the 
plates  are  so  arranged,  with  respect  to  each 
other,  as  to  have  their  electricities  etalted  bj 
induction,  so  that  every  single  polar  arrange- 
ment heightens  the  electricity  of  every  other 
polar  arrangement :  and  hence  the  accumu- 
lation of  power,  or  intensity,  must  increase 
with  the  number  of  the  aeries.  When  Uie 
battery  is  connected  ii^a  circle,  the  effects 
are  demonstrated  by  its  constant  exhibition 
of  chemical  agencies,  and  the  powers  exist 
as  kmg  as  there  is  any  menstruum  to  do- 
compose.  But  wlien  it  is  insulated,  and 
the  extreme  poles  of  zinc  and  copper  are 
unconnected,  no  effects  whatever  are  per- 
ceived to  take  place,  no  chemical  changes 
go  on,  and  it  exhibits  its  influence  only  by 


communicating  very  weak  charges  to  the 
electrometer;  the  sine  termination  of  tha 
pole  communicating  a  positive  charge  th« 
copper  termination  a  negative  charge. 

A  beautiful  experiment  of  Sir  H.  Davy's 
proves,  that  each  plate  of  the  most  oxidabla 
metal  in  the  apparatus  is  in  the  rolatioo  of 
positive,  and  that  each  plate  of  the  least 
oxidable  is  in  the  relation  of  negative^  wfailo 
every  series  is  possessed  of  similar  and  equal 
polarity.  Forty  rods  of  zinc  of  the  same 
size,  connected  with  forty  silver  wires  pre- 
cisely similar,  were  introduced,  in  tiie  rc^gu* 
lar  order,  into  similar  glasses,  filled  with  a 
solution  of  muriate  of  ammonia,  rendered 
slightly  acidulous  by  muriatic  acid.  As  long 
as  the  extreme  parts  remained  uncoonected* 
no  gas  was  disengaged  from  the  silver,  and 
the  zinc  was  scarcely  acted  upon.  When 
they  were  connected,  all  the  plates  of  zinc 
were  dissolved  much  more  rapidly,  and  hyw 
drogen  gas  was  evolved  from  every  silver 
wire.  In  another  experiment,  in  which  se- 
veral of  these  wires,  at  equal  distances,  were 
introduced  into  small  glaas  tubes,  it  was  found 
that  equal  quantities  of  hydrogen  were  pro- 
duced. 

There  are  no  fluids  known,  except  such 
as  contain  water,  which  are  capable  of  being 
made  the  medium  of  connexion  between  the 
metals  or  metal  of  the  voltaic  apparatus; 
and  it  is  probable  that  the  power  of  wmter  t» 
receive  double  polarities,  and  to  evolve  oxy- 
gen and  hydrogen,  is  necessary  to  the  con- 
stant operation  of  the  connected  ^iparatus. 
We  may  suppose  also,  that  acids  or  saline 
bodies  increase  the  action,  by  affording  ele* 
ments  whidi  possess  opposite  electricities  to 
each  other,  when  mutually  excited.  The 
action  of  the  chemical  menstrua  exposes  con- 
tinually new  surfaces  of  metal ;  and  the 
electrical  equilibrium  may  be  conoeived»  in 
consequence,  to  be  alternately  destroyed  and 
restored,  the  changes  taking  place  in  imper- 
ceptible portions  of  time. 

We  may  show  the  manner  in  whidi  aqua* 
ous  fluids  propagate  electrical  polarity  among 
their  particles,  by  a  very  simple  experiment. 
Cut  narrow  filaments  of  tin-foil  into  lengths 
of  almost  half  an  inch,  and  place  them  in  a 
line  on  the  surface  of  an  oblong  trougjh  d 
water.  On  plunging  into  the  water,  at  each 
end,  wires  connected  with  the  two  extre- 
mities of  an  active  voltaic  battery,  the  me- 
tallic filaments  will  immediately  acquire  po- 
larity. Their  positive  and  negative  poles 
will  become  regularly  opposed  to  each  other  ; 
the  first  depositing  oxide,  and  the  last  evolv- 
ing hydrogen,  llie  analogy  with  magnetic 
actions  is  here  very  complete. 

That  the  decomposition  of  the  chemical 
agents  is  connected  with  the  energies  of  the 
pile,  is  evident  from  all  the  experimenta  that 
have  been  made.  No  sound  objection  has 
been  urged  against  the  theory,  tiiat  the  con^ 
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ttutt  of  the  metals  dettroj»  the  electrical 
eqnOSvriiim,  and  that  the  chemical  chaogea 
realore  it ;  and»  cooaequently,  that  the  action 
exists  as  long  as  the  decompositions  continuet 

Vcrfta  called  his  admirable  Invention  an 
electro^motive  apparatus,  founding  his  theory 
of  its  operation  upon  the  FVanklinian  idea  oif 
an  electrical  fluid,  for  which  certain  bodies 
iMve  stronger  attractions  than  othen.  He 
conceiTed,  that  in  his  pile  the  upper  plate  of 
ainc  attracts  electricity  from  the  copper,  the 
copper  from  the  water,  the  water  again  from 
the  next  plate  of  sine,  the  next  plate  of  sine 
fivm  the  next  plate  of  copper,  and  so  on. 
Hus  hypothesis  applies  happily  to  most  of 
the  phenomena  of  the  acticMn  of  the  insulated 
pile,  and  the  pile  connected  by  either  of  its 
extremities  with  the  ground ;  but  does  not 
explain  with  the  same  facility  the  powen  of 
the  apparatus  connected  in  a  circle,  in  which 
each  plate  of  sine  must  be  supposed  to  have 
the  same  quantity  of  electrid^  as  each  plate 
of  copper ;  for  it  can  only,  as  Sir  H.  Davy 
justly  observes,  receive  as  much  as  the  copper 
oan  give;  unless  indeed  the  phenomena  of 
the  circular  apparatus  be  considered  as  de- 
pending upon  the  constant  and  rapid  circu- 
lation of  the  natural  quantity  of  electricity  in 
the  different  series,  which  requires  the  proof 
of  a  constant  power  to  attract  electricity 
from  one  body,  at  the  same  time  that  it  is 
giTen  off  to  another.  But  the  investigations 
of  Coulomb  and  Poisson,  already  detailed, 
fully  demonstrate  that  electricity  is  not  di»- 
tributed  among  different  species  of  matter  by 
any  kind  of  elective  attraction. 

Platinum  melts  with  more  facflity  at  the 
positive  than  at  the  negative  pole^  when  it  is 
connected  with  charcoal ;  but,  with  sulphuric 
add,  it  becomes  red-hot  only  when  it  is 
negative^  and  the  acid  positive.  In  the  calo- 
rific effect  in  general,  charcoal  is  most  easily 
ignited,  next  iron,  platinum^  gold,  then  cop- 
per, and  lastly,  rinc. 

See  Sir  H,  Davy'i  EUmenlt,  and  Af.  Biot*M 
TnilS  de  Phtfttque,  tome  iu  ehapitre  16; 
£ffets  Chimtquet  tie  CApparwU  eleciromoteur. 

We  shall  retain  the  title  Galvanism,  out 
of  respect  to  its  discoverer,  and  place  under 
it  some  details  concerning  the  influence  of 
this  form  of  electricity  on  living  bodies. 

ELECTRO-MAGNETISM.  The  name 
given  to  a  class  of  very  interesting  phenome- 
na, flnt  observed  by  M.  Oersted  of  Copen- 
hagen in  the  winter  of  1819^20,  and  which 
have  since  received  great  illustration  from 
the  laboun  of  M.  Ampdre^  M.  Arago^  Sir 
H.  Davy,  Dr  WoUaston,  Mr  Faraday,  M. 
de  la  lUve,  and  several  other  philosophers. 
The  nature  and  limits  of  this  Dictionary 
will  allow  me  to  give  merely  a  short  outline 
of  the  fundamental  facts. 

Let  the  opposite  poles  of  a  voltaic  battery 
be  ccmnected  by  a  metallic  wire,  which  may 
be  left  of  such  length  as  to  suffer  its  being 


bent  or  turned  in  various  directions.  Thb 
b  the  conjunctive  wire  of  M.  Oersted.  Lei 
us  suppose  that  the  rectilinear  portion  of  this 
wira  is  extended  horixontaUy  in  the  line  of 
the  magnetic  meridian.  If  a  freely  suspend- 
ed compass  needle  be  now  introduced,  with 
its  centre  under  the  conjunctive  wire,  the 
needle  will  instantly  deviate  from  the  magw 
netic  meridian  ;  and  it  will  decline  towards 
the  WM/,  under  that  part  of  the  conjunctive 
wire  which  is  nearest  the  negative  electric 
pole^  or  tlie  copper  %nd  of  the  voltaic  appa. 
ratus.  The  amount  of  this  declination  dei> 
pmds  on  the  strength  of  the  electridty,  and 
the  sensibility  of  the  needle.  Its  moatmiim 
is90*». 

We  may  change  the  direction  of  the  con- 
junctive wire,  out  of  the  magnetic  meridian, 
towards  the  east  or  the  west,  provided  it  ra» 
mains  above  the  needle,  and  parallel  to  its 
plane,  without  any  change  in  the  above  r^ 
suit,  except  that  of  its  amount.  Wires  of 
platinum,  gold,  silver,  brass,  and  iron,  may 
be  equally  employed ;  nor  does  the  effect 
cease  though  the  electric  circuit  be  partially 
formed  by  water.  The  effect  of  the  con- 
junctive wire  takes  place  across  plates  of 
glass,  metal,  wood,  water,  resin,  pottery,  and 
stone. 

If  the  oonjunctiTe  wire  be  disposed  hori- 
sontally  beneath  the  needle,  the  effects  are  of 
the  same  nature  as  those  which  occur  when 
it  is  above  it ;  but  they  operate  in  an  inverse 
direction ;  that  is  to  s^iy,  tlie  pole  of  the 
needle  under  which  is  placed  the  portion  of 
the  conjunctive  wire  which  receives  the  no* 
gative  electridty  of  the  apparatus,  declines 
in  that  case  towards  the  easf. 

To  remember  these  results  more  readily, 
we  may  employ  the  following  proposition  :^ 
The  pole  above  which  the  negative  electricUy 
enters f  decUnee  toward*  the  west  i  hwU  if  ii 
enters  beneath  it,  the  needie  declines  to- 
wards the  EABI. 

If  the  conjunctive  wire  (always  supposed 
horisontal)  is  slowly  turned  abou^  so  as  to 
form  a  gradually  increasing  angle  with  the 
magnetic  meridian,  the  declination  of  the 
needle  increases,  if  the  movement  of  the  wire 
be  towards  the  line  of  position  of  the  dis- 
turbed needle;  it  diminishes,  on  the  coi^ 
trary,  if  it  recede  from  its  position. 

When  the  conjunctive  wire  is  stretched 
alongside  of  the  needle  in  the  same  horison- 
tal plane,  it  occasions  no  declination  dtber 
to  the  east  or  west ;  but  it  causes  it  merely 
to  incline  in  a  vertical  line ;  so  that  the  pole 
adjoining  the  negative  influence  of  the  pile 
on  the  wira  dips  when  the  wire  is  on  its  west 
side,  and  rises  when  it  is  on  the  east 

If  we  stretch  the  conjunctive  wire,  dther 
above  or  beneath  the  needle,  in  a  plane  per- 
pendicular to  the  magnetic  meridian,  it  re- 
mains at  rest,  unless  the  wire  be  very  near 
the  pole  of  the  needle ;  for,  in  this  case,  it 
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rises  when  the  entrance  takes  place  by  th^ 
west  part  of  the  wire,  and  sinks  when  it  takes 
place  by  the  east  part. 

When  we  dispose  the  conjunctive  wire  in 
a  vertical  line  opposite  the  pole  of  the  needle, 
and  make  the  upper  extremity  of  the  wire 
receive  the  electricity  of  the  n^^tive  end  of 
the  battery,  the  pole  of  the  needle  moves  to- 
wards the  eait ;  but  if  we  place  the  wire 
opposite  a  point  betwixt  the  pole  and  the 
middle  of  the  needle,  it  moves  to  the  ii««l. 
The  plienomena  are  presented  in  an  inverse 
order,  when  the  upper  extremity  of  the  con- 
junctive wire  receives  the  electricity  of  the 
positive  side  of  the  apparatus. 

It  appears  from  the  preceding  facts,  says 
M.  Oersted,  that  the  electric  conflict  (action) 
is  not  enclosed  within  the  conducting  wire, 
but  that  it  has  a  pretty  extensive  sphere  of 
activity  round  it.  We  may  also  conclude 
from  the  observations,  that  Uiis  conflict  acts 
by  revolution ;  for  without  this  supposition 
we  could  not  comprehend  bow  the  same 
portion  of  the  conjunctive  vrire,  which,  placed 
beneath  the  magnetic  pole,  carries  the  needle 
towards  the  east,  when  it  is  placed  above  this 
pole,  should  carry  it  towards  the  west.  But 
such  is  the  nature  of  the  circular  action,  that 
the  movements  which  it  produces  take  place 
in  directions  precisely  contrary  to  the  two 
extremities  of  the  same  diameter.  It  ap- 
pears also^  that  the  circular  movement,  com- 
bined with  a  progressive  movement  in  the 
direction  of  the  length  of  the  conjunctive 
wire,  ought  to  form  a  kind  of  action  which 
operates  tjnrally  around  this  wire  as  an  axis. 

The  most  remarkable  discovery  on  this 
subject,  aSter  Oersted's,  is  unquestionably 
that  of  Mr  Faraday's  on  the  electro-magne- 
tic movement.  He  has  demonstrated,  by 
experiments,  that  the  electro-magnetic  pola- 
rity depends  on  its  producing,  in  one  of  the 
poles  of  the  magnet,  a  tendency  to  move 
continuously  to  the  right  hand  round  the 
electric  current,  while  the  other  pole  tends' 
to  move  to  the  left  in  the  opposite  direction. 
Consequently,  since  both  of  them  tend  with 
equal  force  towards  opposite  points,  the  axis 
of  polarisation  of  the  needle  must  arrange 
itself  so  as  to  make  a  right  angle  vrith  the 
electric  current.  If  the  metallic  wire  by 
which  the  discharge  of  the  battery  is  effected, 
instead  of  being  placed  in  a  horizontal  di- 
rection between  the  opposite  poles  of  the 
pile,  be  directed  from  above  downwards, 
terminating  below  in  a  vessel  filled  vrith 
mercury,  into  which  a  second  wire  conducts 
the  electricities  to  the  other  pole ;  and  if  a 
light  magnet,  a  magnetized  sewing  needle 
for  instance,  be  so  loaded  with  a  bit  of  pla- 
tina  wire  at  one  of  its  ends,  as  to  dtp  a  little 
into  the  mercury  standing  verticaJly,  this 
needle  begins  to  move  in  a  circle  round  the 
pole,  when  the  voltaic  current  is  terminated 
through  the  vertical  wire.     The  motion  con- 


tinues while  the  electro-motion  is  acdve; 
If  the  positive  electricity  comes  from  above, 
end  if  the  upper  end  of  the  magnetixed 
sewing  needle  be  its  north  pole^  the  needle 
will  revolve  from  right  to  left  If  the  pole 
of  the  needle,  or  the  direction  of  the  electri- 
city in  the  wire  of  communication,  be  chang- 
ed, the  needle  will  come  to  revolve  from  left 
to  right  If  the  magnetized  needle  be  fixed 
in  the  mercury,  so  that  it  cannot  revolve 
while  the  wire  is  mobile,  the  latter  vrill  re- 
volve round  the  magnet,  agreeably  to  the 
same  laws.  This  phenomoion  may  be  ex- 
hibited, by  placing  at  the  end  of  a  large  flat 
magnetic  bar,  laid  horizontally,  a  small  glass 
or  porcelain  dish  filled  with  mercury,  from 
which  issues  a  metallic  wire  that  communi- 
cates with  one  pole  of  a  voltaic  battery, 
while  the  wire  conducting  to  its  other  pirfe 
ends  in  an  eye  or  minute  ring,  a  few  inches 
above  the  quicksilver  dish.  To  this  eye  « 
platina  wire  is  suspended,  which  dips  into 
the  mercury,  and  is  tipped  at  its  lower  end 
with  a  bit  cork,  to  prevent  its  sinking  too 
deeply  into  the  liquid  metaL  As  soon  as 
the  voltaic  circuit  is  completed,  this  vrire 
moves  round  the  point  of  the  pole  of  the 
magnet,  which  does  not  lie  at  tiie  very  end 
of  the  bar,  but  a  little  within  it  This  mo- 
tion continues  as  long  as  the  electrical  cur- 
rent is  sustained. 

The  electro-magnetic  motion  may,  how- 
ever, be  represented  in  a  still  simpler  and  ee- 
sier  manner.  Take  a  glass  tube,  four  incbea 
long  and  about  half  an  inch  diameter,  and 
close  its  two  ends  with  cork.  Through  one 
of  these  pass  an  iron  wire^  which  may  pro- 
ject an  inch  on  each  side ;  then  turn  down 
this  end  of  the  tube,  and  pour  mercury  into 
it  till  merely  the  point  of  the  wire  remain 
visible.  Introduce  through  the  upper  cork 
a  metallic  wire,  which  terminates  in  the  in- 
terior of  the  tube  by  an  eye,  to  which  is  hong 
a  platina  wire  reaching  to  the  mercury.  If 
now  the  lower  wire  lie  connected  to  one  end 
of  a  voltaic  battery,  and  the  upper  wire  to 
the  other,  the  electricities  will  be  discharged 
by.omimunication  through  the  mercury  and 
the  moveable  wire  in  the  tube.  Place,  at 
this  time,  the  pole  of  a  very  powerful  magnet 
near  the  outer  end  of  the  iron  vrire:  this 
wire  will  acquire  polarity,  and  the  platina 
vrire  suspended  vrithin  the  tube  will  begin  to 
move  in  a  circle  round  the  inner  tip  of  the 
iron  wire.  On  changing  the  pole  of  the 
magnet,  the  wire  turns  round  on  its  axis, 
and  begins  to  revolve  in  an  opposite  direc- 
tion. Mr  Faraday  has  succeeded  by  means 
of  suitable  apparatus,  to  make  the  conjunc- 
tive wire  describe  circular  movements,  under 
the  influence  of  the  magnetic  polarity  of  the 
earth.  In  this  case  it  always  describes  cir- 
cles, whose  plan  intersects  at  a  right  angle 
the  line  including  the  inclination  of  the  mag- 
netic needle* 
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The  calorimeter  of  Hare  is  the  best  form  of 
Toltaie  batteiy  for  tfaeie  experiments ;  or  Mr 
Pepys's  large  voltaic  coil  of  zinc  and  copper 
sheets.  For  further  information,  Mr  Fara- 
day's able  paper,  in  the  Journal  of  Science, 
f  ii.  74.  may  be  consulted ;  as  also  M.  Am- 
pere's several  ingenious  memoirs  in  the  An- 
Dales  de  Chimie  et  de  Physique,  vol.  xv.  et 
seg*     See  Thermo-electbo-maonetism. 

ELECTBUM.     See  Ores  of  Gold. 

ELEMENTS^  A  term  used  by  the  ear- 
lier chemists,  nearly  in  the  same  sense  as  the 
moderns  use  the  term  ^nt  principle.  The 
chief,  and  indeed  very  essential  difference 
between  them  is,  that  the  ancients  considered 
their  elements  as  bodies  possessing  absolute 
simplicity,  and  capable  of  forming  all  other 
bodies  by  their  mutual  combination  ;  whereas 
the  first  principles  of  the  moderns  are  consi- 
dered as  simple,  merely  in  respect  to  the  pre- 
sent state  of  the  art  of  analyzing  bodies.  See 
the  Intboduction. 

ELEMI.  A  resin,  which  exudes  from 
incisions  mad^  in  dry  weather,  through  the 
tmrk  of  the  amyrit  elemifirti,  a  tree  which 
grows  in  America.  It  is  wrapped  in  flag 
leaviss,  in  long  roundish  cakes,  semitransp8F> 
rent,  and  of  a  yellow  colour.  It  has  a  faint 
fragrance.  Elemi  has  an  acrid  taste,  and  an 
odour  partaking  both  of  camphor  and  lemon. 
It  contains  clear  resin  soluble  in  cold  alco- 
hol 60,  white  opaque  matter  soluble  in  boil- 
ing alcohol  24.00,  volatile  oil  12.5,  bitter 
extractive  2.0,  impurities  1.50.  Elemi  is 
sometimes  adulterated  with  the  resin  of  the 
pihtu  australis  which  is  easily  recognized  by 
its  entire  solubility  in  cold  alcohol. — Jour,  de 
Pharm.  for  Aug.  1822. 

ELI  QU  ATI  ON.  An  operation  by  means 
of  which  a  more  fusible  substance  id  separated 
from  another  which  is  less  fusible.  It  ,con- 
sists  in  the  application  of  a  degree  of  heat 
sufficient  to  fuse  the  former,  but  not  the 
latter. 

ELUTRIATION.  This  word  is  used 
by  chemists  to  denote  the  process  of  washing, 
which  carries  off*  the  lighter  earthy  parts, 
while  the  heavier  metallic  parts  subside  to 
the  bottom. 

EMERALD.  Hiis  genus  contains  two 
species,  the  prismatic  and  rhomboidaL 

1.  Prismatic  Emerald,  Euclase  of  Haiiy. 
Its  colours  are  green  of  various  shades,  and 
sometimes  sky-blue.  It  is  found  only  crys- 
tallised. Hie  primitive  form  is  a  prism  of 
\23P  24'.  Its  secondary  forms  are,  an  ob- 
lique four-sided  prism,  variously  modified  by 
acuminations  and  truncations.  The  lateral 
planes  are  more  or  less  longitudinally  streak- 
ed, giving  the  prisms  a  reed-like  appearance. 
Lustre  splendent.  Cleavage  perfect,  in  the 
direction  of  the  smaller  diagonals  of  the 
prism.  Fracture  small  conchoidal.  Frag- 
ments tabular.  IVansparent.  Refracts  dou- 
ble.    Harder  than  quartz,  but  softer  than 


topaz.  Easily  ftangible.  Sp.  gr.  2.9  to  3.3. 
Loses  transparency,  and  then  melts  before 
the  blowpipe.  Its  constituents  are,  35  to  36 
silica,  16  to  19  alumina,  14  to  15  glucina,  2 
to  3  iron,  and  27  to  31  loss.  "Hie  last  is 
chiefly  water,  and  in  some  measure  alkali. 
Found  in  Peru  and  Brazil.  It  is  a  beauti- 
ful mineral,  but  too  brittle  for  jewellery. 

2.  Rhomboidat  Emerald,  of  which  there 
are  two  sub-species,  the  precious  emerald  and 
the  beryl.  Precious  emerald  is  well  charac- 
terized by  its  emerald-green  colour,  of  vari- 
ous depths.  It  is  generally  crystallized.  The 
primitive  form  is  an  equiangular  six-sided 
prism,  on  which  various  truncations  are 
found.  The  lateral  planes  are  smooth ;  the 
terminal  planes  rough.  Lustre  splendent. 
Cleavage  straight  and  four-fold.  Fracture  "^ 
imperfect  conchoidal.  *  Transparent.  Mode^ 
rate  double  refraction.  Nearly  as  hard  as 
topaz.  Sp.  gr.  2.6  to  2.77.  Heated  to  a 
moderate  degree,  it  becomes  of  a  blue  co- 
lour, but  recovers  its  tint  on  cooling.  At  a 
high  heat,  it  foses  into  a  white  vesicular  glass. 
Its  constituents  are,  silica  64.5;  alumina  16, 
glucina  13,  oxide  of  chrome  3.25,  lime  1.6, 
water  2.  Klaproth  found  1  of  oxide  of  iron. 
It  occura  in  drusy  cavities,  along  with  iron 
pyrites,  calcareous  spar,  and  quartz,  in  veins 
that  traverse  clay-slate.  The  most  beautiful 
emeralds  come  from  Peru.  As  a  gem,  it  is 
valued  next  to  the  ruby.  See  Beryl,  in  its 
alphabetical  place. 

EMERY.  A  sub-spedes  of  rhomboidal 
corundum.  Its  colour  is  intermediate  be- 
tween greyish-black  and  bluish-grey.  It  oc- 
curs massive  and  disseminated,  and  also  in 
granular  concretions.  Lustre  glistening  and 
adamantine.  Fracture  fine-grained,  uneven. 
TVanslucent  on  the  edges.  So  very  hard  as 
to  scratch  topaz.  DIfBcultly  frangible.  Sp. 
gr.  4.0.  Its  constituents  are,  86  alumina,  3 
silica,  4  iron,  and  7  loss.  In  Saxony,  it  oc- 
curs in  beds  of  talc  and  steatite.  It  occurs 
abundantly  in  the  Isle  of  Naxos,  and  also  at 
Smyrna.  It  is  used  for  polishing  hard  mi- 
nerals and  metals.  Its  fine  powder  is  ob- 
tained by  trituration  and  elutriation. 

EMETIN.  Digest  ipecacuan  root,  first 
in  ether  and  then  in  alcohol.  Evaporate  the 
alcoholic  infusion  to  dryness,  redissolve  in 
water,  and  drop  in  acetate  of  lead.  Wash 
the  precipitate,  and  then,  diffusing  it  in  water, 
decompose  by  a  current  of  sulphuretted  hy- 
drogen gas.  Sulphuret  of  lead  falls  to  the 
bottom,  and  the  emetin  remains  in  solution. 
By  evaporating  the  water,  this  substance  is 
obtained  pure. 

Emetin  forms  transparent  brownish-red 
scales.  It  has  no  smell,  but  a  bitter  acrid 
taste.  At  a  heat  somewhat  above  that  of 
boiling  water,  it  is  resolved  into  carbonic 
acid,  oil,  and  vinegar.  It  affords  no  am- 
monia. It  is  soluble  both  in  water  and  al- 
cohol^ but  not  in  ether ;  and  uncrystallizable. 
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It  is  precipitated  by  protonitrate  of  meccury 
and  corronTC  subUmate,  but  not  by  tartar 
emetic.  Half  a  grain  of  emetin  acts  as  a 
powerful  emetic,  followed  by  sleep;  six 
grains  vomit  violently,  and  produce  stupor 
and  death.  The  lungs  and  intestines  are  in- 
flamed.—PeUetier  and  Magendle,  Ann.  de 
CMmie  et  de  Physique,  iv.  172. 

In  the  24th  volume  of  the  Awn.  de  Chim.  et 
de  Fhy».y  MM.  Dumas  and  PeUetier  describe 
an  improved  process  for  extracting  emetin. 
The  powder  of  ipecacuanha  is  digested  in 
water  with  calcined  magnesia.  The  deposits 
b  thrown  on  a  filter,  washed  carefully  with 
very  cold  water,  and  dried.  The  emetin  is 
then  taken  up  by  alcohoL  It  may  be  afWr- 
wards  combined  with  an  acid,  and  the  salt 
may  be  purified  with  animal  charcoal.  When 
the  emetin  is  once  more  thrown  down  by 
magnesia,  alcohol  redisaolves  it  in  a  colour- 
less state.  Emetin  thus  obtained  b  yellow- 
tsb-white,  and  pulverulent.  The  only  effect 
of  air  is  to  colour  it  slightly.  It  is  little 
soluble  in  cold  water,  and  somewhat  more 
so  in  liot.  It  fuses  about  12^  F.  It  is 
very  soluble  in  alcohol,  but  not  in  ether  and 
.oils.  It  is  highly  alkaline,  though  acids 
saturated  with  it  do  not  afford  crystallisable 
compounds.  Gallic  acid  and  nut-gaUs  seem 
to  alter  it,  by  forming  very  abundant  white 
precipitates.  Subacetate  of  lead  has  no  effect 
on  it,  though  it  precipitates  the  coloured  eme- 
tin, which  has,  according  to  M.  Magendie, 
only  one>third  the  activity  on  the  animal 
finame  of  the  pure  substance.  Its  consti- 
tuents are^  carbon  64^57,  aaote  4.00,  hydro- 
gen 7.77,  oxygen  22.  d5. 

EMPYREUMA.  This  term  is  applied 
to  denote  the  peculiar  smdl  produced  by  a 
considerable  heat  upon  v^^etable  or  animal 
substances  in  closed  vessels,  or  when  burned 
under  circumstances  which  prevent  the  ac- 
cess of  air  to  a  considerable  part  of  the  mass, 
and  consequently  occasion  an  imperfect  com- 
bustion, or  destructive  distillation,  of  the  parts 
.  so  covered  up  by  the  rest  of  the  mass. 

EMULSION.  An  imperfect  combina- 
tion of  oil  and  water,  by  the  intervention  of 
some  other  substance  capable  of  combining 
with  both  these  substances.  The  substances 
are  either  saccharine  or  mucilaginous. 

ENAMEL,  lliere  are  two  kinds  of  ena- 
mel, the  opaque  and  the  transparent.  Thms- 
parent  enamels  are  usually  rendered  opaque 
by  adding  putty,  or  the  white  oxide  oF  tin, 
to  them.  Hie  basis  of  all  enamels  is  there- 
fore a  perfectiy  transparent  and  fusible  glass. 
Hie  oxide  of  tin  renders  this  of  a  beautiful 
white,  the  perfection  of  which  is  greater  when 
a  small  quantity  of  manganese  is  likewise 
added.  If  the  oxide  of  tin  be  not  sufficient 
to  destroy  the  transparency  of  the  mixture^ 
it  produces  a  semi-opaque  glass,  resembling 
the  opal. 

Yellow  enamel  is  foaned  by  the  addition 


of oxideof leadfOraotimooy.  Ki]nckellik»- 
vrise  aflSrms,  that  a  beautiful  yellow  may  be 
obtained  from  silver. 

Red  enamel  is  afibrded  by  the  oxide  of 
gold,  and  also  by  that  of  iron.  Hie  former 
is  the  most  beautiful,  and  stands  the  fire  very 
well,  which  the  latter  does  noL 

Oxide  of  copper  aflfords  a  green ;  manga- 
nese^ a  violet ;  cobalt,  a  blue ;  and  iron,  « 
very  fine  black.  A  mixture  of  these  diflferent 
enameb  produces  great  variety  of  interme- 
diate colours,  aooording  to  thcnr  nature  and 
proportion.  In  this  branch  of  the  art,  the 
coloured  enamels  are  sometimes  mixed  with 
each  other,  and  sometimes  the  oxides  are 
mixed  before  they  are  added  to  the  vitreous 


In  the  Transactions  of  the  Society  of  Arts 
for  1817,  a  valuable  list  of  receipto  for  ena- 
mel colours  is  given  by  Mr  R.  Wynn»  for 
the  communication  of  which  a  premium  was 
awarded.  The  following  are  Mr  Wynn's 
fluxes  :^ 

No.  1.  Red  lead. 

Calcined  borax, 
Flint  powder,  2~ 

Flint  glass,  6 

No.  2.  Flint  glass,  10 

White  arsenic,  1 

Nitres  1 

No.  a  Red  lead,  1 

Flint  glass,  3 

No.  4.  Red  lead,  M 

Borax  not  calcined,      5f 
Flint  glass,  6 

No.  5.  Flint  glass,  6 

Flux,  No.  2.  4 

Red  lead,  8 

After  the  fluxes  have  been  melted,  they 
should  be  poured  on  a  flag-stone  wet  with  a 
sponge,  or  into  a  large  pan  of  dean  water, 
then  dried,  and  finely  pounded  in  a  biscuit- 
vrare  mortar  for  use. 
Yellow  enamel. 

Red  lead,  8 

Oxide  of  antimony,  1 

White  oxide  of  tin,  1 

Mix  the  ingredients  well  in  a  biscuit-ware 
mortar,  and  having  put  them  on  a  piece  of 
Dutch  tile  in  the  muffle,  make  it  gradually 
red-hot,  and  suffer  it  to  cool.  Take  of  this 
mixture  1,  of  flux  Na  4.  1  j>;  grind  them 
in  water  for  use.  By  varying  the  proportioos 
of  red  lead  and  antimony,  d^erent  shades  of 
colour  may  be  obtained. 
Orange. 
Red  lead. 

Red  sulphate  of  iron. 
Oxide  of  antimony, 
Flint  powder. 
After  calcining  these  without  melting,  fuse 
1  part  of  tbe  compound  with  2^  of  flux. 
Dark  Red. 

Sulphate  of  iron  calcined  dark,  I 


12 
1 
4 
3 
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431     EQUIVALENTS  (CHEMICAL). 


Light  Red. 

Red  sulphate  of  iron,  1 

Flux,  No.  ].  3 

White  lead,  1^ 

Brown. 

MaDganeie,  ^ 

Bed  lead,  8} 

Flint  powder,  4 

Sea  IVantactioQS  of  the  Society,  or  the 
Mag.  TOL  5L     Mr  Tilloch  jutUy  ob- 
that  borax  should  be  uaed  sparingly, 
it  causes  efflorescence^  and  decay  of  the 

colouiB. 

ENDELLIONE.  Boumonite. 
ENTROCHL  A  genus  of  extraneous 
Ibasils,  usually  of  about  an  inch  in  length, 
•ad  made  up  of  a  number  of  round  joints, 
wfaiob,  when  separate  and  looser  are  called 
4rochita :  they  are  coispoaed  o£  the  same 
kind  of  plated  spar  with  the  fossil  shells  of  the 
•echini,  which  is  usually  of  a  bluish>grey  co- 
krar,  and  are  very  bright  where  fresh  broken : 
tiiey  are  all  striated  from  the  oentre  to  the  di^ 
cumieranoe^  and  haTe  a  cavity  in  the  nnddle. 
Tliey  seem  to  be  the  petrified  arms  of  that 
lingular  species  of  the  sea  stai^fiah,  called 
Slella  arborescens. 

EPIDOTE;  Fi8tacite.»rmi«r.  A  sub- 
species  of  prismatoidal  augite.»-Jamet(m. 
Acanticone,  from  Norway.  Colours,  pista- 
cbio-green,  and  green  of  dhurker  shades.  Mas- 
aive,  in  distinct  granular  or  fibrous  concre- 
tions, and  crystallised.  The  primitive  form 
is  an  oblique  four-sided  prism,  in  which  the 
lateral  planes  meet  at  ang^  of  1 14^  37'  and 
65^  23^.  The  secondary  forms  are,  1.  Very 
oblique  four-sided  prisms,  bevelled  on  the 
extremities ;  2.  That  figure  truncated  on  the 
acute  edges,  and  flatly  bevelled  on  the  extre- 
mities ;  3.  A  broad  unequiangular  six-sided 
prism,  variously  acuminated  or  truncated; 
4.  A  very  oblique  four-sided  prism,  trunca^ 
ted  on  the-  obtuse  lateral  edges,  and  doubly 
acuminated  on  the  extremities  by  four  planes. 
The  crystals  are  sometimes  reed-like,  and  the 
lateral  planes  are  longitudinally  streaked ;  but 
the  truncating,  acuminating,  and  bevelling 
planes,  ai^  smooth,  and  the  terminal  planes 
diagonally  streaked.  Lustre  splendent,  inter- 
nally incUniog  to  pearly.  Cleavage  twofold. 
Fracture  flat  oonchoidaL  Translucent.  Har- 
der than  felspar,  but  not  so  hard  as  quartz. 
Brittle.  Sp.  gr.  a45.  Before  the  blow- 
pipe it  is  converted  into  a  brown-coloured 
acoria,  which  becomes  black  with  heat.  Its 
constituents  are^  silica  37,  alumina  21,  lime 
.15,  oxide  of  iron  24,  oxide  of  manganese 
1.5^  water  1.5.  Laugier  found  26  alumina, 
W  lime,  and  13  oxide  of  iron.  It  occurs  in 
.primitive  beds  and  veins,  along  with  augitc^ 
garnet,  hornblende^  calcareous  spar,  copper 
pyrites,  &c.  It  is  found  in  Arran,  in  secon- 
dary syenite  and  clay-slate ;  in  Mainland  of 
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Shetland,  in  syenite ;  in  the  island  of  Icohn- 
kil,  in  «  rock  composed  of  red  felspar  and 
quarts ;  in  the  syenite  of  Glencoe ;  in  simU 
lar  rocks  among  the  Malvern  hills ;  in  quarts, 
ftt  Wallow  Crag,  near  Keswick;  in  Corn- 
wall ;  Arendal,  in  Norway ;  in  Bavaria, 
Viwace,  &C. 

EPIDERMIS  If  the  human  skin  be 
macerated  in  hot  water,  it  separates  into  two 
parts,  the  eutitf  or  true  skin,  and  the  epider- 
mts,  or  scarf  skin.  The  continued  action  of 
warm  water  at  length  dissolves  the  cutis,  but 
does  not  affect  the  epidermis,  neither  does  al- 
cohoL  Caustic  alkali,  however,  dissolves  it* 
it  resembles  coagulated  albumen. 

EPSOM  SALT.     Sulphate  of  magnesia. 

EQUIVALENTS  (CHEMICAL).  A 
term  happily  introduced  into  chemistry  by  Br 
Wollaston,  to  express  the  system  of  definite 
ratios  in  which  the  corpuscular  subjects  of 
this  science  reciprocally  combine,  referred  to 
a  common  standard,  reckoned  unity.  If,  vritfa 
this  profound  philosopher,  we  assume  oxy* 
gen  as  the  standard,  from  its  almost  universal 
relations  to  chemical  matter,  then,  calling  h 
unity,  we  shall  have,  in  the  following  ex- 
amples, these  ratios  reduced  to  tlieir  lowest 
terms,  in  which  the  equindents  will  be  PancB 
ratios:^ 

The  lowest  ratio,  or  equivalent  prime  of 
oxygen  being        -         .  1.000 


That  of  hydrogen  wiU  be 
Offlttor? 

0.125  . 
0.375 

Of  carbon, 

0.750 

Of  phosphorus,   .  - 
Ofasote, 

4.000 
1.750 

Of  sulphur, 
Of  calcium, 

2.000 
2.500 

Of  sodium. 

aooo 

Of  potassium, 
Of  copper. 
Of  banum. 
Of  lead, 

5.000 
&00 

a75 

13.00,  &c 

Hie  substances  in  the  above  tables  suscep- 
tible of  reciprocal  saturation,  can  combine 
with  oxygen  or  with  each  other,  not  only  in 
proportions  corresponding  to  these  numbers, 
but  also  fVequently  in  multiple  or  sub-multiple 
proportions.  We  have  therefore  two  distinct 
propositions  on  this  interesting  subject  :-.— 

1st,  The  geikeral  reciprocity  of  the  saturat- 
ing proportions. 

2d,  The  multiple  and  submultiple  propor- 
tions of  prime  equivalents,  in  which  any  one 
body  may  unite  with  any  other  body,  to  con- 
stitute successive  binary  compounds. 

The  first  proposition,  or  grand  law  of  che- 
mical combination,  was  discovered  by  J.  B. 
Richter,  of  Berlin,  about  the  year  1792.  The 
second,  of  equal  importance,  was  suggested  so 
early  as  the  year  1788,  by  Mr  W.  Higgins, 
but  was  first  devdoped  and  demonstrated  by 
Mr  Dalton,  in  bis  New  System  of  Chemical 
Philosophy. 
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Richter  inferred  bis  fh)m  the  remarkable 
and  well  established  fact,  that  two  neutral 
salts,  in  reciprocally  decomposing  each  other, 
give  birth  to  two  new  saline  compounds,  al- 
ways perfectly  neutral.  Thus,  sulphate  of 
soda  being  added  to  muriate  of  lime,  will  pro- 
duce perfectly  neutral  sulphate  of  lime,  and 
muriate  of  soda.  Hie  conclusions  he  drew 
were,  1st,  That  the  quantities  of  two  alkaline 
bases,  adequate  to  neutralise  equal  weights  of 
any  one  acid,  are  proportional  to  the  quanti- 
ties of  the  same  bases  requisite  to  neutralize 
the  same  weights  of  every  other  add.  For 
example,  6  parts  of  potash,  or  4  of  soda,  neu- 
tralize 5  of  sulphuric  acid  ;  and  4.4  of  potash 
are  adequate  to  the  saturation  of  5  of  nitric 
acid.  Therefore,  to  find  the  quantity  of  soda 
equivalent  to  the  saturation  of  this  weight  of 
nitric  acid,  we  need  not  make  experiments, 
but  merely  compute  it  by  the  proportional 
rule  of  Richter.  Thus,  as  6 :  4.4 :  :  4 :  8.93 ; 
or  in  words,  as  the  potash  equivalent  to  the 
sulphuric  acid,  is  to  the  potash  equivalent  to 
the  nitric  acid,  so  is  the  soda  equivalent  to  the 
first,  to  the  soda  equivalent  to  the  second. 
And  again,  if  6.5  potash  saturate  5  of  muri- 
atic acid  gas,  how  much  soda,  by  Richter's 
rule,  will  be  required  for  the  same  effect? 
We  say  6 :  6.5  :  :  4  :  4.a  3dly,  If  10.9pot- 
ash  combine  with  5  of  carbonic  acid,  how 
much  soda  will  be  equivalent  to  that  effect  ? 
Now,  6  :  10.9 :  :  4  :  7.26.  Here,  therefore^ 
we  have  found,  that  if  6  potash  be  equivalent 
to  4  soda,  in  saturating  5  of  sulphuric  acid, 
this  ratio  of  6  to  4,  or  3  to  2,  will  pervade  all 
the  possible  saline:  combinations ;  so  that, 
whatever  be  the  quantity  of  potash  requisite 
to  saturate  5^  10,  &c  of  any  other  acid,  two- 
thirds  of  that  quantity  of  soida  will  suffice. 


In  the  same  manner  let  us  find  crait,  for  five 
of  sulphuric,  or  of  any  one  standard  acid,  the 
saturating  quantity  of  ammonia,  magnesia, 
lime,  strontia,  baryta,  peroxide  of  copper, 
and  the  other  bases ;  then  their  proportions  to 
potash,  thus  ascertained  for  this  acid,  will,  by 
arithmetical  reduction,  give  their  saturating 
quantity  of  every  other  add,  whose  relation  to 
potash,  or  indeed  to  any  one  of  these  bases,  is 
known. 

The  experimental  verification  of  this  most- 
important  law,  occupied  Richter  from  the 
year  1791  to  the  year  1802,  in  which  period 
he  published,  in  successive  parts,  a  curioup 
work,  entitled  the  Geometry  of  the  Chemical 
Elements,  or  Principles  of  Stechiometry.  We 
might  have  expected  greater  accuracy  in  his 
investigations,  from  the  circumstance,  that 
Dr  Wolhttton  selected  hit  statement  of  th« 
constituents  of  nitre,  in  preference  to  those 
of  all  other  chemists,  in  the  construction  of 
bis  admirable  table  of  chemical  proportiona. 

With  indefatigable  seal  Richter  examined, 
by  experiment,  each  add  in  its  relation  to  the 
bases,  and  then  compared  the  results  with 
those  given  by  calculation,  presenting  both  in 
an  extensive  series  of  tables. 

It  is  curious  that  he  does  not  seem  to  haTe 
been  aware,  that  all  his  tables  might  haTe 
heea  reduced  into  a  single  one,  of  21  num- 
bers, divided  into  two  columns,  by  means  of 
which,  every  question  relating  to  the  indud- 
ed  artides  might  be  solved  by  the  rule  of 
three,  or  a  sliding  scale.  The  following  tab]% 
computed  by  Fischer  from  Richter*8  hut 
tables,  was  inserted  by  the  celebrated  Ber* 
thoUet  in  a  note  to  his  chemical  statics. 


Baaet. 

Oxygen  =  1. 

Acid*. 

Oxygen  s=  1. 

Alumina, 

525 

2.625 

Fluoric, 

427 

2.135 

Magnesia, 

615 

a075 

Carbonic, 

577 

2.885 

Ammonia, 

672 

a36 

Sebacic, 

706 

a530 

Lime, 

793 

a965 

Muriatic, 

712 

a560 

Soda, 

H59 

4.245 

Oxalic, 

755 

a  775 

Strontia, 

1329 

6.645 

Phosphoric, 

979 

4.895 

Potash, 

1605 

a025 

Formic, 

Clfift 

cfOO 

4.94 

Baryta, 

2222 

1.111 

Sulphuric, 

1000 

5.000 

Sucdnic, 

1209 

6.045 

Nitric, 

1405 

7.025 

Acetic, 

1480 

7.400 

Citric 

1683 

8.415 

Tartareous, 

1694 

&470 

I  have  added  the  two  columns  under  oxy- 
gen, from  which  we  see  at  once,  that,  with  the 
exception  of  the  bases,  lime,  strontia,  and  so- 
da, and  the  acids,  carbonic,  muriatic,  sulphu- 
ric, nitric,  citric,  and  tartaric,  the  numbers 
given  by  Richter  do  not  form  tolerable  ap- 
proximations to  the  true  proportions.  The 
object  of  the  above  table  was,  to  gire  directly 
the  quantities  of  acid  and  alkali  requisite  for 


mutual  saturation.  For  example,  1605,  ap^ 
posite  to  potash,  is  tiie  quantity  of  that  alkali 
equivalent  to  neutralize  427  of  fluoric  acid, 
577  carbonic,  712  muriatic,  1000  sulphuric, 
&c.  Each  column  affbrds  also  progressively 
increasing  numbers.  Those  nearest  the  top 
have  the  greatest  acid  or  alkaline  energies,  as 
measured  by  their  powers  of  saturation.  The 
column  of  Richter  gives,  tlierefore,  as  far  as 
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tbe'ttiai^OBt  metlis  of  his  time  pennittod,  • 
fable  of  Aft  MUtire  wdgbtt  of  mhM  has  nnce 
tUteti  bypochecieally  calM  tke  aiom$. 

2.  But  two  chemical  oonstitueiits  flnequent* 
1y  unite  in  dilTeretit  proportions,  forming  dis- 
tSiict  and  often  diteimilar  compounds.  Tlus% 
bxfgtn  and  azote  constitute^  in  one  proporr 
tion,-  nitrous  oxide,  the  intoxicating  gas  of  Sir 
H.  Davy  ;  in  a  second  propoi^on,  nitric  ox* 
iSe,  tbe  nitrous  gas  of  Priestley  $  in  a  third 
projxniion,  nitrous  acid ;  and  in  a  fourth  pro- 
portion; nitHc  acid.  Isktbcre  any  law  regi»- 
Uiting  ttiese  Tarioiis  compounds;  so  tba^ 
Knowing  the  fifst  proportions,  we  may  infer 
ibe  whole  series?  I1iis  question  was  first 
iCbh^ered  iti.  a  work  containing  many  curi- 
ous though  vague  anticipations  of  disco  veries ; 
r  mean  Mr  Higgins's  Comparative  View  of 
ibe  Fh1(^;isCic  and  Antiphlogistic  Theory, 
printed  in  1788^  and  published  early  in  1789. 
Besides  some  adfliticinal  facts,  decisively  hoe- 
tile  to  the  hypothesis  of  phlogiston,  this  pub- 
lication indicates  the  doctnne  of  multiple 
proportion,  with  regard  to  the  successive 
cotnpounds  of  the  same  constituentsi  This 
was  likewise  interwoven  with  somewhat  fan- 
tastical views  concerning  gaseous  and  atomi- 
tiil  combination.  Mr  Higgins  published  in 
161 4' li  book,  entitled  Experiments  and  Ob- 
servatiem  oti  te  Atomic  Theory  and  Electri- 
cal Phencrnd^MU  In  this  work  he  gives  nu- 
merous quotations  from  his  Contpara/ree  View, 
in  order  to  establish  his  claim  of  priority  to 
the  discovery  of  multiple  proportions,  and  the 
ftomic  theory  of  chemistry.  We  have  reason 
to  be  surprised  at  his  refection  of  many  errors 
then  sanctioned  by  high  authority, -and  bis 
proknulgation  of  many  new  truths,  whidi 
might  appear  to  contemporary  writers  insu- 
lated, or  of  little  consequence,  but  to  which 
subsequent  researches  have  given  a  due  place 
and '  importance  in  the  system  of  chemical 
knowledge.  I  shall  quote  a'iew  passages,  as 
he  gives  them,  from  his  Comparative  View. 
-  '*  Hepatic  gas,  (sulphuretted  hydrogen), 
ar  shall- be  shown,  is  hydrogen  in  its  AiU  ex- 
tent, holdhig  sulphur  in  solution.*'  This 
fact,  of  hydrogen  not  changing  its  volume 
by  cpmbining  with  sulphur,  has  been  mark- 
ed among  the  discoveries  of  later  times. 

"  llierefore,  100  grains  of  sulphur  re^ 
quire  only  100  or  108  of  the  dry  gravitating 
matter  of  oxygen  gas,  to  form  sulphurous 
add.  As  sulphurous  arid  gas  is  very  little 
more  than  double  die  spedfic  gravity  of  oxy- 
gen gas,  we  may  conclude,  that  the  ultimate 
particles  of  sulphur  and  oxygen  contain  the 
same  quantity  of  matter ;  for  oxygen  gas 
suffera  no  considerable  diminution  of  its 
bulk,  by  uniting  to  the  quantity  of  sulphur 
necessary  for  the  formation  of  sulphurous 
acid.  It  contracts  1-1 1th,  as  shall  be  diown 
hereafter."  I^r  H.  Davy  has  rince  proved, 
by  accurate  experiments,  thAt  hydrogen,  in 
its  conversion  into  sulphuretted  hydrogen, 


ddea  noi  change  its  bulk,  agreeably  to  Mr 
Hig|^s*s  early  enunciation. 

Hie  elementary  proposition  of  Mr  Dai* 
ton's  atomical  hypothesis,  seems  to  be  an* 
nounced  in  the  following  paragraph  of  Mr 
Higgins. 

'  "  As'  two  cubic  inches  of  hydrogen  gas 
require  but  one  cubic  inch  of  oiygen  gas  to 
condense  them  to  water,  we  may  presume 
that  they  contain  an  equal  number  of  divi- 
sions, and  that  the  difference  of  the  sperific 
gravity,  of  those  gases  depends  on  the  size  of 
their  respective  particles;  or  we  may  sup- 
pose, that  an  ultimate  particle  of  hydrogen 
requires  two  or  three  or  more  particles  of 
oxygen  to  saturate  it.  Were  this  the  case, 
water,  or  its  constituents,  might  be  obtained 
in  an  intermediate  state  of  combination,  like 
those  of  sulphur  and  oxygen,  or  azote  and 
oxygen,  &Ch  This  iq»peara  to  be  impossible ; 
for  in  whatever  proportion  we  mix  hydrogen 
or  oxygen  gases,  or  under  whatever  circum- 
stances we  unite  them,  the  result  is  invari- 
ably the  same.  Water  is  formed,  and  the 
surplus  of  either  of  the  gases  is  left  behind 
unchanged."—'*  From  these  circumstances 
we  have  suflSdent  reason  to  conclude^  that 
water  is  composed  of  a  single  ultimate  par- 
ticle of  oxygen,  and  an  ultimate  particle  of 
hydrogen,  and  that  its  atoms  are  incapable  of 
uniting  to  a  third  partble  of  either  of  its 
constituents." 

Mr  Higgins  inculcates  very  strongly,  that 
when  a  body  is  capable  of  combining  with 
another  in  two  proportions,  the  third  particle 
introduoed  is  held  by  a  much  weaker  af- 
finity than  that  which  uqites  the  particles  of 
the  firat  or  true  binary  oompound. 

**•  In  my  <»pinion,  the  most  perfect  nitrous 
add  contains  S  of  oxygen  and  1  of  asota 
Nitrous  gas,  according  to  Ki^wan,  contains 
8  volumes  of  oxygen  gaa^  and  1  of  asotic 
gas.  According  to  Lavoisier,  100  grains  of 
nitrous  gas  contain  32  grains  of  asotc^  and 
68  of  oxygen.  I  am  of  the  former  philoso- 
pher's opinion.  I  also  am  of  opinion,  that 
every  primary  particle  of  azote  is  united  to  2 
of  oxygen,  and  that  the  molecule  thus  form- 
ed is  surrounded  with  one  common  atmo- 
sphere of  caloric. 

**  As  this  requires  demonstration,  let  A  in 
the  annexed  diagram  represent  an  idtimate 
particle  of  asote^  which  attracts  oxygen  with 
the  force  of  3; 

*3         6         3_ 


Let  a  be  a  particle  of  oxygen,  whose  attrsc- 
tion  to  A  we  will  suppose  to  be  three  more; 
hence  they  will  unite  with  the  force  c€  6 : 
the  nature  of  this  compound  will  be  here- 
after explained.  Let  us  consider  this  to  be 
the  utmost  force  of  attraction  that  can  sub- 
sist between  oxygen  and  azote.  We  will  now 
suppose  a  second  particle  of  oxygen  b  to 
combine  with  A ;  they  will  only  unite  with 
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the  Ibroe  of  4)^"  <<  This  I  conwler  to  te 
the  reaL  structure  of  a  molecule  of  nitrous 
gas.  Let  a  third  particle  of  oxygen  e  unite 
to  A ;  it  will  combine  only  with  the  force  of 
^  Hiis  u  the  state  of  the  red  molecules  of 
nitrous  Tspour,  or,  when  condensed,  the  red 
nitrous  add.'*  **  We  will  suppose  a  fourth 
particle  of  oxygen  d  to  combine  with  A  ;  it 
will  unite  with  the  force  of  3} ;  and  so  on 
with  the  rest  of  the  particles  of  axygiak  as 
the  diagrsm  represents*  Has  I  consider  to 
be  the  state  of  a  molenile  of  the  pate  or 
straw-coloured  BfCroos  add. 

*<  When  a  fifth  particle  of  oxygen  e  unites^ 
the  fofce  of  union  existing  between  the  par- 
tides  of  the  molecule  is  still  diminished*  as 
is  represented  by  the  diagram.  The  fnc- 
tions  show  that  the  chemical  attrsction  of 
azote  for  oxygen  is  nearly  exhausted.  This 
is  the  state  of  colourless  nitrous  add ;  and, 
in  my  <^inion,  no  more  oxygm  can  unite  to 
the  azote,  having  its  whole  force  of  attrac- 
tion expended  in  the  particles  a,  b,  e,  d,e. 
This  illustrates  the  nature  of  saturation  or 
definite  proportions." 

**  We  can  readily  perceive  from  the  fore- 
going demonstrations,  that  oxygen  is  retain- 
ed with  less  force  in  the  colourless  nitrous 
add  than  in  the  straw-coloured;  and  the 
'  latter  add  retains  it  with  less  f<Nrce  than  the 
red  nitrous  acid ;  and  nitrous  gas  holds  it 
with  still  more  force  than  the  red  nitrous 
add.  This  accounts  for  the  separation  of 
oxygen  gas  from  the  colourless  nitrous  add 
(nitric  add)  when  exposed  to  the  sun,  at  the 
same  time  that  the  add  becomes  coloured. 
'  Nitrous  add  in  any  other  state  will  aflTord  no 
oxygen  when  exposed  to  the  sun.** 

**  Why  the  gaseous  oxide  should  be  more 
soluble  in  water  than  the  nitrous  gas  is  what 
I  cannot  account  for,  unless  it  be  occasioned 
by  the  smaller  size  of  its  calorific  atmo- 
'  spheres,  which  may  admit  its  atoms  to  come 
witliin  the  gravitating  influence  of  that  fluid.** 

It  is  impossible  to  deny  the  praise  of  in- 
genuity to  the  above  passages;  and  every 
one  must  be  struck  vrith  thdr  analogy,  both 
as  to  atomical  doctrines  and  the  calorific  at- 
mospheres of  gases,  single  and  compound, 
with  the  language  and  views  expanded  at  fuU 
length  in  Mr  Dalton's  New  System  of  Che- 
miod  Philosophy,  first  framed  about  the  year 
1803,  and  published  in  180a  It  appears 
that  ihw  philosopher,  after  meditating  on  the 
definite  proportions  in  which  oxygen  was 
shown  by  M.  Proust  to  exist  in  the  two 
oxides  of  the  same  metal,  on  the  successive 
combinations  of  oxygen  and  azote,  and  the 
proportions  of  various  other  chemical  com- 
pounds, was  finally  led  to  conclude,  that  the 
uniformity  which  obtains  in  corpuscular  com- 
binations results  from  the  circumstance,  that 
they  consist  of  one  atom  of  the  one  constir 
tuent,  united  generally  with  one  atom  of  die 
other,  or  with  two  or  three  atoms.     And  he 


further  inferred,  that  the  rdative  weights  of 
diese  ultimate  *******  might  be  ascertained 
from  die  proportion  of  the  tvi>o  f  ri  Ilf1iiii<i 
in  a  neutral  compound. 

Chemistry  is  unqncslioaafaly  under  Atf 
greatest  obligalioas  to  Mr  l\ition,  Ibr  the 
pains  wiib  which  ha  eoUated  the  various 
lyses  of  <lMiiiiral  bodies  by  difienra 
gators ;  and  for  establishing  in  opposition  to 
the  doctrine  of  indefinite  aflinity  taught  by 
Berthollet,  that  the  dififerent  compounds  of 
the  same  prindples  did  not  pass  into  each 
other  by  imperceptible  grsdctions,  but  pro- 
ceeded, per  saitumt  in  successive  fwopor- 
tions,  each  a  multiple  of  the  first.  Mr  Dal- 
ton  has  thus  been  no  mean  contributor  to 
the  advancement  of  the  sdenoe.  It  is  dif- 
ficult to  say  how  fiv  his  figured  groups  of 
spherical  atoms  have  been  beneficial  or  not* 
They  may  have  had  some  use  in  aiding  the 
conception  of  learners,  and  perhaps  in  giving 
a  novel  and  imposing  air  to  the  atomical 
fabric.  But  their  arrangement,  and  even 
their  existence,  are  altogether  hypothetical, 
and  therefore  ought  to  have  no  place  in  phy- 
sical demonstrations. 

That  water  is  a  compound  of  an  atom  of 
oxygen  and  an  atom  of  hydrogen,  is  assum- 
ed by  Mr  Dalton  as  the  basis  of  hu  system. 
But  two  Tolumes  of  hydrogen  here  combine 
vrith  one  of  oxygen.  He  therefore  infers^ 
that  an  atom  of  hydrogen  occupies  double 
the  bulk,  in  its  gaseous  state,  of  an  atom  of 
oxygen.  These  assumptions  are  obviously 
gratuitous.  I  agree  with  Dr  IVout  in  think- 
ing, that  Sir  H.  Davy  has  taken  a  more  phi- 
losophical view  of  this  subject.  Guided  by 
the  strict  logic  of  chemistry,  he  places  no  hy- 
pothesis at  the  foundation  of  his  fabric. 

Experiment  shows,  Ist^  That  in  equal  vo- 
lumes oxygen  weighs  16  times  more  than 
hydrogen ;  and,  2dly,  That  water  is  formed 
by  the  union  of  one  volume  of  the  former 
and  two  volumes  of  the  latter  gas,  or  by 
weight  of  8  to  1.  We  are  not  in  the  least 
audiorized  to  infer  from  this,  that  an  atom  of 
oxygen  wdghs  8  times  as  much  as  an  atom 
of  hydn^en.  For  aught  we  know,  water 
may  be  a  compound  of  2  atoms  of  hydrc^en 
and  1  of  oxygen  ;  in  which  case,  we  should 
have  the  proportion  of  the  wdghts  of  the 
atoms,  as  given  by  equal  volumes,  namely,  I 
to  16.  There  is  no  good  resson  for  fixing 
on  one  compound  of  hydn^^,  more  than  on 
another,  in  the  determination  of  the  basis  of 
the  equivalent  scale.  If  we  ddtberate  on 
that  combination  of  hydrogen  in  which  its 
agency  is  apparentiy  most  energetic,  namely, 
that  with  chlorine,  we  would  surely  never 
think  of  pitching  on  two  volumes  as  its  unit^ 
or  least  proportion  of  combination  ;  for  it  is 
one  volume  of  hydrogen  which  unites  with 
one  volume  of  chlorine,  produdng  two  vo- 
lumes of  muriatic  gas.  Here  therefore  we 
see^-  that  one  volume  of  hydrogen  is  quite  ade- 
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^[uato  to  eSec^  in  an  sctiTe  gBseous  body  of  Mr  Dalton's  prelecttons  on  tiie  aitoinic 

equal  bulk,  and  36  tiineB  its  waght,  an  en^  theoiy,  and  even  the  first  volume  of  his  New 

tire  change  <^  properties.     Should  we  as*  System  of  Chemical  Philosophy,  ezdled  no 

same  in  gaseous  chemistry,  2  volumes  of  hy-  sensation  in  the  chemical  world  adequate  to 

drogen  as  the  combining  unit,  or  as  repre-  their  merits.     That  part  of  his  system  which 

senting  an  atom ;  then  it  should  never  unite  treated  on  caloric,  was  blended  with  so  much 

in  3  volumes,  or  an  atom  and  a  half,  with  mere  hypothesis,  that  chemists  transferred  a 

another  gas.     Ammonia,  however,  is  a  com-  portion  of  the  scepticism  thus  created  to  his 

pound  of  3  volumes  of  faydrc^en  with  1  of  collation  of  primary  and  multiple  combin*. 

aaote :  and  if  8  volomea  of  hydrogen  to  1  tions.     It  was  Dr  Wollaston  who  first  da^ 

of  oxygen  be  called  an  atom  to  an  atom,  cided  public  opinion  in  fimrour  of  the  doc- 

surely  3  volumes  of  hydrogen  to  1  of  asote  trine  of  multiple  proportions,  by  his  elegant 

should  be  eaUed  an  atom  and  a  half  to  an  paper  on  super-acid  and  sub-add  salts,  ia» 

atom.     Yet  the  Daltonian  Commentator,  on  serted  in  the  Philosophical  Transactions  for 

the  second  occauon,  counts  one  volume  an  1808.     Hie  object  of  the  atomic  theory  has 

atom  of  hydrogen,  and  on  the  first,  two  been  no  where  so  happily  stated  as  by  thia 

volumes  an  atom.  philosopher,  in  the  following  sentence:— 

We  would  steer  dear  of  all  these  gratui-  ^  But,  since  the  publication  of  Mr  Dal- 
tons  assumptions  and  contradictions,  by  mak-  ton's  theory  of  chemical  combination,  as 
ing  a  single  volume  of  hydrogen  represent  explained  and  illustrated  by  Dr  Thomson, 
its  atom,  or  prime  equivalent.  ^  lliere  is  (System,  3d  edit.),  the  inquiry  which  I  had 
an  advantage,"  says  Dr  Prout,  *'  in  considep-  designed  appears  superfluous,  as  all  the  facts 
ing  the  volume  of  hydrogen  equal  to  the  I  had  observed  are  but  particular  instances  of 
atom,  as,  in  this  caaey  the  specific  gravities  of  the  more  general  observation  of  Mr  Dalton* 
most,  or  perhaps  all  elementary  substances,  that  in  all  cases  the  simple  elements  of  bodies 
(hydrogen  bdng  one),  will  either  exactly  are  disposed  to  unite  atom  to  atom  singly,  or, 
cmndde  with,  or  be  some  multiple  of  the  if  either  is  in  excess,  it  exceeds  by  a  ratio  to 
weights  of  thdr  atoms ;  whereas,  if  we  make  be  expressed  by  some  simple  multiple  of  the 
the  volume  of  oxygen  unity,  the  weights  of  number  of  its  atoms." 
the  atoms  of  most  dementary  substances,  It  is  evident  from  this  passage,  that  the 
except  oxygen,  will  be  double  that  of  their  prindple  which  presented  itself  to  Mr  Dak 
specific  gravities,  with  respect  to  hydrogen,  ton,  on  a  review  of  the  labours  of  other 
Tbe  assumption  of  the  volume  of  hydrogen  chemists,  had  reaUy  occurred  to  Dr  Woll&- 
.bdng  equal  to  the  atom,  will  also  enable  us  ston  from  his  oumj  and  that  he  would  un- 
to find  more  readily  the  spedfic  gravities  of  questionably  have  been  speedily  led  to  its  ftill 
bodies  in  their  gaseous  state,   (dther  with  devdopment. 

lespect  to  hydrogen  or  atmospheric  air),  by  Dr  Wollaston,  in  the  above  dedsive  paper, 

means  of  Dr  WoUaston's  logometric  scale.  demonstrates,  that  in  the  sub-carbonate  and 

**  If  the  views  we  have  ventured  to  ad-  crystallized  carbonate  of  potash,  the  relation 
vance  be  correct,  we  may  almost  consider  of  the  carbonic  add  to  the  base,  in  the  first, 
the  iTf^rs  vA.s  of  the  andents  to  be  realized  is  exactly  one-half  of  what  it  is  in  the  second, 
in  hydrogen  :  an  opinion,  by  the  by,  not  al-  The  same  law  is  shown  to  hold  with  regard 
together  new.  If  we  actually  consider  this  to  the  two  carbonates  of  soda,  and  the  two 
to  be  the  case,  and  further  consider  the  spe-  sulphates  of  potesh ;  and  bdng  applied  to  his 
cific  gravities  of  bodies,  in  thdr  gaseous  experiments  on  the  compounds  of  potash  and 
state,  to  represent  the  number  of  volumes  oxalic  acid,  leads  him  to  conclude  that  the 
condensed  into  one ;  or  in  other  words,  the  neutral  oxalate  may  be  considered  as  con- 
number  of  the  absolute  weight  of  a  single  sisting  of  2  particles  of  potash  to  I  add ;  the 
volume  of  the  first  matter  {irfmm  SXn)  which  binoxalate  as  1  and  1,  or  2  potash  with  2 
they  contain,  which  is  extremely  probable ;  add ;  the  quadroxalate  as  1  and  2^  or  2  pot- 

-  multiples  in  wdght  must  always  indicate  ash  with  4  add. 

-  multiples  in  volume^  and  vke  versa ;  and  We  cannot  withhold  from  our  readers  the 
the  spedfic  gravities  or  absolute  wdghts  of  following  masterly  observations,  which  must 
all  bodies  in  a  gaseous  states  must  be  muU  make  every  one  regret  that  the  fbll  develop- 
tiples  of  the  spedfic  gravity,  or  absolute  ment  of  the  atomic  theory  had  not  fUlen 
wdght,  of  the  first  matter,  (ar^nf  Sx.n),  be-  within  the  scope  of  his  researches. 

cause  all  bodies  in  a  gaseous  state,  which  "  But  an  explanation  which  admits  a  dou- 

unite  with  one  another,  unite  with  reference  ble  share  of  potash  in  the  neutral  salts  (the 

to  thdr  volume."  oxalates),  is  not  altogether  satisfiietory ;  and 

From   these  ingenious  observations,   we  I  am  farther  inclined  to  think,  that  when  our 

percdve  the  felidty  of  judgment  with  which  views  are  suffidently  extended  to  enable  us 

Sir  H.  Davy  made  choice  of  the  single  vo-  to  reason  with  precision  concerning  the  pro- 

.  lume  oif  hydrogen,  for  the  unit  of  primary  portions  of  dementary  atoms,  we  shall  find 

combination,  in  his  Elements  of  Chemical  .  the  arithmetical  relation  alone  will  not  be 

Philosophy.  suffident  to  explain  their  mutual  iictiop,  and 


EQUIVALEKTS  (CH£HICAL).     435      BQUITALESTS  (CHBMICAI,}: 


that  we  flhidl  te  obliged  to  wequbn  a  geome- 
tfical  coDceptioa  of  thdr  rriatiTe  arnm^e- 
nenty  in  all  the  three  dimenaions  of  lolid 
eziensioo. 

'*  For  instaoea,  $axpip9aB  the  limit  to  tiie 
afiproach  of  partidet  to  be  die  aame  in  all 
diiectioosv  and  henpe  their  irirtual  extent  to 
be  spherical  (which  ia  the  most  aimple  hjrpo- 
tbesis);  in  Uus  case,  when  different  sorts 
combine  singly,  tiiere  is  but  one  mode  of 
union.  If  thej  unite  in  the  proportion  of 
tiro  to  one,  the  two  particles  will  naturally 
anmnge  themselTes  at  opposite  poles  of  thflt 
to  which  they  unite.  If  they  be  three*  they 
might  be  arranged  with  regularity  at  the 
angles  of  an  equilateral  triangle,  in  a  great 
circle  surrounding  the  single  spherule ;  but 
in  this  arrangement,  for  want  of  similar  mat- 
ter at  the  poles  of  this  circle,  the  equilibrium 
'VOttld  be  unstable^  and  would  be  liable  to  be 
deranged  by  the  slightest  force  of  adjacent 
combinations :  but  when  the  number  of  one 
tot  of  particles  exceeds  in  the  proportion  of 
Cbur  to  one,  then,  on  the  contrary,  a  stable 
squilibrium  may.again  take  place,  if  the  ft>ur 
particles  iu^  situated  at  the  angles  of  the  four 
equilateral  triangles  composiog  a  regular  tfr- 
tnhedron. 

*^  But  as  this  geometrical  arrangement  of 
the  primary  elements  of  matter  is  altogether 
conjectural,  and  must  rely  for  its  confimuu 
tion  or  rejection  upon  future  inquiry,  I  am 
desirous  that  it  should  not  be  confounded 
with  the  results  of  the  facts  and  obsenrations 
related  above,  which  are  sufficiently  distinct 
and  satisfactory  with  respect  to  the  existence 
fi  the  law  of  simple  multiples.  It  is  perhaps 
too  much  to  hope,  that  the  geometrical  ar- 
fwigement  of  primary  particles  will  ever  be 
peifectly  known ;  since,  even  admitting  that 
a  very  small  number  of  these  atoms  combin- 
ing together,  would  bave  a  tendency  to  ar- 
nuige  themselves  in  the  manner  I  have  ima- 
gined ;  yet,  until  It  la  ascertained  how  small 
a  proportion  the  primary  particles  themselves 
bear  to  the  interval  between  them,  it  may  be 
supposed  that  surrounding  combinations,  al- 
though themselves  analogous,  might  disturb 
this  arrangement;  and  in  that  case,  the  effect 
of  such  interference  must  also  be  taken  into 
the  account,  before  any  theory  of  chemical 
combination  can  be  rendered  complete." 

I  am  not  aware  that  any  chemist  has  ad- 
duced experimental  eridenee,  to  prove  that  a 
."  stable  equilibrium  may  again  take  place,  if 
the  four  particles  are  s&nated  at  the  angles 
of  the. four  equilateral  triangles  composing  a 
r^ular  tetrahedron."  I  have,  therefore,  much 
pleasure  in  referring  to  my  researches  on  the 
constitution  of  liquid  nitric  acid,  as  unfolding 
a  striking  oonffrmation  of  Dr  Wollaston's  true 
philosophy  of  atomical  combination.  When 
I  wrote  the  following  sentence,  I  had  no  re- 
collection whatever  ci  Dr  Wollaston's  pro- 
found speculations  on  tetrahedral  arrange- 


meirt.-*"  We  vyrKiva^  dmt  tba  liquid  mU 
of  1.420,  composed  of  4  priitaea  of  water  4- 
1  of  dry  acid,  pojscjsts  the  greatest  power 
of  resisting  the  Influence  of  tempcfatura  to 
change  its  stete.  It  requites  the  maiimum 
heat  to  boil  it,  when  it  distils  unchanged; 
and  the  maximum  cold  to  effect  its  conge- 
lation." See  Acid  (Nitric)  in  this 
tionary. 

Here  we  have  a  fine  example  of  die 
bility  of  cqtulibrium  introduced  by  the 
bination  of  four  atoms  with  oneu  Ttie  dis- 
covery which  I  had  also  the  good  fortune  to 
make  with  regard  to  the  constitution  of  aque- 
ous sulphuric  acid,  that  the  maximum  con- 
densation occurred  when  one  atom  of  the 
real  add  was  combined  with  three  atoms  oi 
water,  is  equally  consonant  to  Dr  Wollaston's 
views.  '*  But  in  this  arrangement,**  says  Dr 
Wollaston,  '*  for  want  of  similar  matter  at 
the  poles  of  thb  circle,  the  equilibrium  would 
be  unstable,  and  would  be  liable  to  be  de- 
ranged by  die  slightest  force  of  adjacent  coin- 
binations."  Compare  with  this  remark,  the 
following  sentence  from  my  paper  <on  sul- 
phuric add,  as  published  in  the  Journal  of 
fidence,  Oct.  1817. — •«  The  terms  of  dUu« 
tion  are,  like  Icigarithms,  a  series  of  numbers 
hi  arithmetical  progression,  corresponding  to 
another  series,  namely,  the  specific  gravities^ 
in  geometrical  progression.  For  a  little  dle^ 
tance  on  both  sides  of  the  point  of  greatest 
condensation,  the  series  conveiges  with  ac- 
celerated velocity,  whence  the  10  or  12  terms 
en  either  hand  deviate  a  little  from  experi- 
ment. V— Page  126.  Or,  in  other  words,  a 
small  addition  of  water  or  of  add  to  the  above 
atomic  group,  produces  a  great  change  on 
the  degree  of  condensation ;  which  accords 
with  the  position,  **  that  the  equilibrium 
would  be  liable  to  be  deranged  by  the  digfat- 
est  force  of  adjacent  combinations.*' 

While  considering  this  part  of  Dr  Wollas- 
ton's importont  paper,  let  me  advert  to  the 
carious  facts  pointed  out  in  the  artide  Kt- 
TRic  Acid,  relative  to  the  compound  of  one 
tdMim  of  dry  add  and  seven  atoms  water.  In 
my  paper  on  the  subject)  puUisbed  in  the 
dghtb  number  of  the  Journal  of  Sdence^  I 
showed  that  this  liquid  combination  vras  ac- 
companied with  the  greatest  condensation  c£ 
volume,  and  tlie  greatest  disengagement  of 
beat.  In  composing  this  Dictionary,  I  cal- 
culated, for  tlie  first  time^  the  atomical  con- 
stitution of  the  nitric  acids  employed  by  Mr 
Cavendish  for  congelation ;  and  found,  vrith 
great  satisfaction,  that  the  same  proportion 
which  had  exhibited,  in  my  experiments,  the 
most  intense  reciprocal  action,  as  was  indi- 
cated both  by  the  aggregation  of  particles 
and  production  of  heat,  was  likewise  that 
which  most  favoured  solidification.  Such 
add  congeals  at  — 29;  but  when  dther 
stronger  or  weaker,  it  requires  a  much  lower 
temperature  for  that  eff*ect. 


, 
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&  The  next  afltal  diaccrrery  in  multiple  parubn  of  the  known  proj|x>tlitev  of  tbe  me* 

proiMVtions  wm  mnde  by  M.  Gay  Lunac,  in  tallic  salts,  which  are  in  general  too  inexact 

18QB»  and  puhlisfaed  by  him  in  the  teeond  to  enable  us  to  recognize  tbb  law,  but  by 

Tolome  of  the  lirmotres  d*ArcueiL     After  obserrtng  tbe  mutual  precipitation  of  the  mt^ 

dstaiRng  ■  series  of  ftne  experiments,  hv&e-  tab  from  their  solutions  in  adds." 

«lticila  the  following  important  infereiices  :-&  When  we  precipitate  a  solution  of  acetate 

«*  Tbus  it  evidently  appears,  that  all  gaMs;  of  lead  by  a  plate  of  zinc,  there  is  formed  a 

in  tlieit  mutval  aetion,  mnfosmly'oombine  !«  beautifol  vegetatioii  known  under  tbe  name 

the  most  naple  piopovtions;  and  ite  lun«  of  tbe  free  rfSalum;  and  which  arises  from 

seen,  in  fact,  in  all  tbe  paeceding  examples^  the  reduction  of  the  lead  by  a  galvanic  pro* 

that  the  nifio  of  their  union  is  that  cvf  1  to  1,  cess,  9a  was  first  shown  by  SUvester  and  Graft, 

of  1  to  2,  or  of  1  to  3,  by  volume.    It  is  lm«  thus.     We  obtain  at  the  same  time  a  solo* 

portent  to  observe,  that  wfaen  we  consider  the  tien  of  acetate  of  line,  equally  neutral  with 

wdghts,  there  is  no  simple  and  definite  rdtf;  that  of  the  lead,  and  entirely  exempt  fronf 

tion  between  the  elements  of  a  first  combina-  thia  last  metaL  No  hydrc^n,  or  almost  none» 

tion ;  it 'is  only  when  there  is  a  second  be:>  is  disengaged  during  the  precipitation ;  which 

tween  these  same  elements,  that  the  new  pro-  proves,  tUit  the  whole  oxygen  necessary  to 

portion  of  that  body  which  has  been  added  is  the  zinc  for  its  becoming  dusolvcd  and  s» 

■  multiple  of  the  first.     Gases,  oo  the  oon^  turating  the  add,  has  been  ftumished  to  it  by 

traiy,  in  sudi  proportions  as  can  combine^  the  lead. 

give  rise  always  to  compounds,  whose  eie-  If  we  put  into  a  solution  of  sulphate  of 

■Mnta  are  in  volume,  mohipkB  the  one  of  the  copper,  shgfatiy  adduloua,  bright  iron  turn? 

other.  ings  in  excess,  the  copper  is  almost  instantlj 

'  **  Not  only  do  the  gases  combine  in  very  predpitated ;  the  temperature  rises,  and  ne 

ahnple  proportions,  as  we  have  just  seen,  but  gas  is  disengaged.     The  sulphate  of  iron 

moreover,  the  apparent  contrai^pn  of  volume  which  we  obtain,  is  that  in  which  the  oxide 

wliich  ^they  experience  by  combination,  has  u  at  a  minimam,  and  its  addity  is  exactiy 

Kiiwiise  a  simple  relation  with  the  volume  of  the  same  as  that  of  the  sulphate  of  copper 

the  gflsei^  or  rather  with  the  volume  of  one  employed. 

of  them."-  We  obtain'siBilar  results  by  decomposing 

• '  By  supposing  the  contoaction  of  volume  of  the  acetate  of  copper  by  lead,  especidly  with 

the  two  gsigfMifi  constituents  of  "water  to  b$  the  aid  of  heat  ■   But  since  the  sine  predpi« 

only  equal'  to  the  whole  volume  of  oxygen  tates  the  lead  from  its  acetic  solution,  we  may 

nditMy  he  found  the  ratio  of  the  density  of  conclude,  that  it  would  also  predpitate  cop* 

eiesiis  to  be  to  that  of  air  as  10  to  16;  a  oonw-  per  from  its  combination  with  the  acetic  add. 

pbttd*  ftsuk  in  exact  correspondence  with  Experience  is  here  in  perfect  accordance  with 

Ae  experiasental  result  lately  oblamed  in  an  theory. 

independent  method  by  the  same  excellent  We  know  with  what  facility  copper  pred- 

pMlosbpher.    **  Ammoniatfad  gas  is  compoeed  pitates  sUver  from  its  nitric  solution.     AU 

in  ▼dume,"  says  b^  *^  of '3  parts  &f  hydro-  the  oxygen  which  it  needs  fbr  its  solution  is 

gen  and  I  of  aaote,  and  its  density,  compared  furnish^  to  it  by  the  oxide  of  silver ;  for  no 

to  that  of  air,  is  0.596 ;  but  if  we  suppose  g»s  is  disengaged,   and  the  addity  is  ud- 

4he  apparent  contraction  to  be  one-half  of  the  changed.  The  same  thing  happens  with  cop- 

folal  volume^  we  find  0.594^  for  its  density,  per  in  regard  to  nitrate  of  merctffy,  and  to 

Thus  it  is  demonstrated  by  this  nearly  perfect  cobalt  in  regard  to  nitrate  of  silver.     In 

necoMiance,  that  the  apparattt  contraction  of  tiiese  last  examples,  as  in  the  preceding,  the 

itk  elmnents  is  predsdy  one-balf  of  the  total  precipitating  metal  finds,  in  the  oxide  of  the 

volume,  or  leather  double  tbe  volume  of  asotew*^  metal  which  it  preciphatea^  all  the  oxygen 

K  Guy  Lussac  subjoins  to  hb  beautifol  m^  which  is  necessary  to  it  for  its  oxidizement^ 

moir  a  table  of  gaseous  combination,  which,  and  for  neutralizing  to  the  same  degree  the 

^th  some  modifieaticms  derived  from  subse-  add  of  the  solution. 

quent  TCsearches;  will  be  inserted  under  th^  These  incontestable  facts  naturally  com- 

article  Gas.  duct  to  the  prindple  announced  above,  that 

Tbe  same  volume  of  the  Memoirei  pre-  the  add  in  the  metallic  salts  is  direcUy  pro- 

flents  another  important  discovery  of  M.  Gay  portional  to  the  oxygen  in  their  oxides.     In 

Lussac,  on  the  subject  of 'equivalent  propor-  tiie  precipitation  of  one  metal  by  another,  the 

tioni.     It  is  entitkd.  On  the  relation  which  quantity  of  oxygen  in  each  oxide  remains  the 

exists  between  the  oxidation  of  metals,  and  same,  and  consequently  the  larger  dose  of 

their  capadty  of  satuiation  finr  the  adds;  He  oxygen  the  predpitating  metal  takes,  the  less 

here  proves^  by  a  series  of  experiments,  that  metal  Mrill  it  predpitate. 

the  quantity  of  add 'which  the  difi^rent  ni»>  •  M.   Gay  Lussac  next  proceeds  to  show, 

tallic  oxides  require  fbr  saturation,  is  in  the  with  regard  to  the  same  metals  at  theic 

dlieM  ratio  of  the  qtiantity  of  oxygen  which  difierent  stages  of  oxidhtement,  that  they  ve-* 

flMy  ffsspectively  contain;     "  I  have  arrived  quire  of  a(£l  a  quantity  precisely  propor*' 

at  this  prindple,"  says  he,  <'  not  by  the  com-  tional  to  the  quantity  of  oxygen  they  msf 
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;  or  that  the  add  in  Ae  nits  is  ex- 
acdj  proportioiial  to  the  oxygen  of  the  oxides. 
A  very  important  mult  of  this  law  is,  dw 
ready  means  it  affords  of  determining  the 
proportions  of  all  the  metallic  salts.  Tlie 
proportions  of  one  metallic  salt^  and  the  oxi- 
dation of  the  metals,  being  given,  we  may 
determine  those  of  sJl  the  salts  of  the  same 
genus ;  or,  the  proportions  of  add  and  of 
oxide  of  all  the  metalKc  salts,  and  the  oxi- 
dation of  a  single  metal,  being  given,  we  can 
calculate  the  oxidation  of  all  the  rest  Since 
tiie  peroxides  require  most  add,  we  can  easi- 
ly understand  how*  the  saks  containing  them 
should  be  in  general  more  soluble  than  diose 
with  the  protoxide. 

M.  Gay  Lussac  concludes  his  memoir 
with  this  observation.  When  vre  predpitate 
4  metallic  solution  by  sulphuretted  hydro- 
gen, dther  alone  or  combined  with  an  alk*. 
line  base^  we  obtain  a  sulpburet  or  a  metallic 
bydrosulphoret  In  the  first  case,  the  hydro- 
gen of  die  sulphuretted  hydrogen  combines 
with  all  die  oxygen  of  the  oxide,  and  the  sul- 
phur forms  a  sulphuret  with  ^e  metal :  In 
the  second  case,  the  sulphuretted  hydrogen 
combines  directly  with  the  oxide,  without 
being  decomposed;  and  its  proportion  is 
such  that  there  is  su^ident  hydrogen  to  sa- 
turate all  the  oxygen  of  the  oxide.  The 
quantity  of  hydrogen  neutralized,  or  capable 
of  bdng  so,  depends  therefore  on  the  oxida. 
tion  of  the  metal,  as  wdl  as  the  quantity 
of  the  sulphur  which  can  combine  with  it 
Of  consequence,  the  same  metal  forms  as 
many  distinct  sulphurets,  as  it  is  susceptible 
of  distinct  stages  of  oxidation  in  its  add  so- 
lutions.  And  as  these  degrees  of  oxidation 
are  fixed,  we  may  also  obtain  sulphurets,  of 
definite  proportions,  which  we  can  easily 
detennine,  according  to  the  quantity  of  oxy- 
gen to  each  metal,  and  the  proportions  of 
sulphuretted  hydrogen. 
■  The  next  chemist  who  contributed  essen- 
tially to  the  improvement  of  the  equivalent 
ratios  of  cfaemiad  bodies,  was  Benelius.  By 
M  astonishing  number  of  analyses,  executed 
for  the  most  part  with  remarkable  predsion, 
he  enabled  chemical  philosophers  to  fix,  with 
corresponding  accuracy,  the  equivalent  ratios 
reduced  to  thdr  lowest  terms.  He  himsdf 
took  oxygen  as  the  unit  of  proportion. 

The  results  of  all  this  emulous  cultivation 
were  combined,  and  illustrated  with  original 
researches,  by  Sir  H.  Davy,  in  his  Elements 
of  Chemical  Philosophy,  published  in  1812. 

What  peculiarly  characterizes  this  chemical 
work,  is  the  sound  antibypothetical  doctrines 
which  it  inculcates  on  chemical  combination. 
«  Mr  Higgins,"  says  Sir  H.  «  has  supposed 
-that  water  is  composed  of  one  particle  of  oxy- 
gen and  one  of  hydrogen,  and  Mr  Palton  of 
an  atom  of  each ;  but  in  the  doctrine  of  pro. 
portions  derived  from  facts,  it  b  not  necessary 
to  consider  the  combining  bpdies,  dther  as 


composed  of  indivisible  partSdea^  or  cvao  as 
always  nntted,  one  and  one^  or  one  and  two^ 
or  one  and  three  proportions.  CaseawiUbe 
hereaAer  pointed  out,  in  which  the  rstioa  are 
werj  diifacnt ;  and  at  present,  as  we  haw 
no  means  whatever  of  judging  cither  of  the 
rdative  numben,  figures,  or  weigfati^  of  thoae 
particles  of  bodies  which  are  not  in  contact 
our  numerical  expressioBs  ouglit  to  idata 
only  to  the  results  of  experiments.** 

He  concaves  that  the  calcolatioiis  wiU  be 
much  expedited,  and  the  formolc  rendered 
more  simple,  by  considering  the  smallcat  pro- 
portion of  any  combining  body,  namdy,  tfiat 
of  hydrogen,  as  the  integer.  Thb  radical 
proportion  of  hydrogen,  is  the  ir^mrn  »iUi  of 
the  andent  philosophers. 

It  has  been  dbjected  by  some,  to  our  as* 
suming  hydrogen  as  the  unit,  that  the  nunw 
hers  representing  the  metals  would  beeome 
inconveniently  laige.  But  this  could  never 
be  urged  by  any  person  acqudnted  with  the 
theory  of  numbers.  For  in  what  respect  is 
it  more  convenient  to  reckon  barium  8. 75  on 
the  atomic  scale^  or  8.75  X  16  s=:  140  on 
Sir  H.  Davy's  scale  of  experiment  ?  or  is  it 
any  advantage  to  name,  with  Dr  Thomson^ 
tin  =  7.37^  or  to  call  it  118  on  the  plan 
of  the  English  piuloeopher  ?  If  the  eombin* 
ing  ratios  of  all  bodies  be  multiples  of  hj* 
drogen,  as  is  probable,  why  not  take  hydro- 
gen as  the  unit  ?  I  think  this  question  wiU 
not  be  answered  in  the  n^ative,  by  those 
who  practise  the  reduction  of  chonical  pro- 
portions. The  defenders  of  the  Daltonian 
hypothesis,  that  water  consists  of  one  atom 
oxygen  to  one  atom  hydrogen,  may  refer  to 
Dr  Woliaston*s  scale,  as  authority  for  taking 
oxygen  as  the  unit  But  that  admirable  in- 
strument, which  has  at  once  subjected  thou- 
sands of  chemical  combinatioos  to  all  the 
despatch  and  predsion  of  logometric  calcula- 
tion, is  actually  better  adapted  to  the  hydro- 
gen unit  than  to  the  oxygen.  For  if  we  slide 
down  the  middle  rule,  till  10  on  t<  stand  op- 
posite to  10  hydrogen  on  the  left  side^  every 
thing  on  the  scale  is  given  in  aooordanoe  with 
^  H.  Davy's  system  of  primary  proporti<»8^ 
and  M.  Gay  Lussac's  theory  of  gaseous  com- 
bination, lliis  valuable  conciurrence^  aa  u 
wdl  pointed  out  by  Dr  IVout,  we  lose^  by 
adopting  the  vc^ume  of  oxygen  as  radix. 

In  the  first  part  of  the  Phil.  IVans.  lor 
1814,  appeared  Dr  Wollaston's  description 
of  bis  Scale  of  Chemical  Equivalents,— aa 
instrument  which  has  contributed  more  to 
fadlitate  the  general  study  and  practioe  of 
chemistry  than  any  other  invention  of  man. 
His  paper  is  further  valtiaUe,  in  presenting 
a  series  of  numbers  denoting  the  rdative 
primary  proportions,  or  wdghts,  of  the  atoms 
of  the  prindpal  chemical  bodies,  both  simple 
and  compound,  determined  with  singular  sa- 
gadty,  from  a  general  review  of  the  most 
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eiact  analyMt  of  other  cheiiiitft%  as  well  as  his 
own* 

Hie  list  of  substances  which  he  has  esti- 
naled,  are  arranged  on  one  or  other  side  of 
a  scale  of  numbers,  in  the  order  of  their  re- 
laCiTe  weights;  and  at  sudi  distances  fitnn 
each  other,  according  to  their  weights,  that 
the  series  of  numbers  placed  on  a  sliding 
scale  can  at  pleasure  be  moved,  so  that  any 
munbcr  expressing  the  weight  of  a  compound, 
may  be  brought  to  correspond  with  the  place 
of  that  compound  in  the  adjacent  column. 
The  arrangement  is  then  such,  that  the 
weight  of  any  ingredient  in  its  composition, 
of  any  reagent  to  be  employed,  or  precipitate 
that  might  be  obtained  in  its  analysis,  will  be 
found  opposite  the  point  at  which  its  respec> 
ttve  name  is  placed.- 

If  the  slider  be  drawn  upwards,  till  100 
corresponds  to  muriate  of  soda,  the  scale  will 
then  show  how  much  of  each  substance  con- 
tained in  the  table  is  equiTalent  to  100  of 
common  salL  It  shows  with  regard  to  the 
different  views  of  thb  salt,  that  it  contains 
4f6.6  dry  muriatic  add,  and  53.4  of  soda,  or 
39.8  sodium,  and  13.6  oxygen ;  or  if  viewed 
■a  diloride  of  sodium,  that  it  contains  00.2 
ddorine,  and  39.6  sodium.  With  respect  to 
reagents,  it  may  be  seen,  that  283  nitrate  of 
lead,  containing  191  of  litharge,  employed 
to  separate  the  muriatiG  acid,  would  yield  a 
precipitate  of  237  muriate  of  lead,  and  that 
there  would  then  remain  in  solution  nearly 
146  nitrate  of  soda.  It  may  at  the  same 
time  be  seen,  that  the  acid  in  this  quantity 
of  salt  would  serre  to  make  232  corrosive 
sublimate^  containing  185.5  red  oxide  of 
mercury;  or  make  91.5  muriate  of  ammo- 
nia, composed  of  62  muriatic  gas  (or  hydro- 
muriatic  add),  and  29.5  ammonia.  Tlie 
scale  shows  also,  that  for  the  purpose  of  ob- 
taining the  whole  of  the  add  in  distillation, 
the  quantity  of  oil  of  vitriol  required  is 
nearly  84^  and  that  the  residuum  of  this 
distillation  would  be  122  dry  sulphate  of 
soda,  from  which  might  be  obtained,  by 
crystellizatioo,  277  of  Glauber  salt,  contain- 
ing 155  water  of  crystallization.  These,  and 
many  more  such  answers  appear  at  once,  by 
bare  inspection,  as  soon  as  the  wdght  of  any 
substance  intended  for  examination  is  made^ 
by  motion  of  the  slider,  correctly  to  corre- 
spond with  its  place  in  the  adjacent  column. 
Now,  surely,  the  accurate  and  immediate 
solution  of  so  many  important  practical  pro- 
blems, is  an  incalculable  benefit  conferred  on 
tiie  diemist. 

'  With  regard  to  the  method  of  laying  down 
the  divisions  of  this  scale,  those  who  are  ac- 
customed to  the  use  of  other  sliding  rules, 
and  are  practically  acquainted  with  their 
properties,  will  recognize  upon  the  slider  it- 
self the  common  Gunter's  line  of  numbers 
(as  it  is  called),  and  will  be  satisfied,  that 
the  results  which  it  gives  are  the  same  that 


would  be  obtained  by  arithmetical  computa- 
tion. 

Those  who  are  acquainted  witli  the  doc- 
trine of  ratios,  and  with  the  use  of  loga- 
lithms  as  measures  of  ratios,  will  understand 
the  prindple  on  which  this  scale  is  founded* 
and  will  not  need  to  be  told,  that  all  the 
divisions  are  logometric ;  consequently,  that 
the  mechanical  addition  and  subtraction  of 
ratios  here  performed  by  juxtaposition,  cor- 
respond in  effect  to  the  multiplication  and 
division  of  the  numbers,  by  which  those 
ratios  are  expressed  in  common  arithmetical 
notation. 

In  his  Essay  on  the  Canae  of  Chemical 
Proportions,  Berzelius  proposed  a  system 
of  signs,  to  denote  atomical  combinations, 
which  it  may  be  proper  briefly  to  explain. 
This  sign  is  the  initial  letter,  and  by  itself 
always  expresses  one  atom,  volume,  or  prime 
oi  the  substance.  When  it  is  necessary  to 
indicate  several  volumes  or  primes^  it  sa  done 
by  prefixing  the  number :  for  example,  the  cu^ 
preous  oxide^  or  protoxide  of  copper,  is  com- 
posed of  a  prime  of  oxygen  and  a  prime  of 
metal ;  its  sign  is  therefore  Cu  -f-  O.  The 
cupric  oxide^  or  deutoxide  of  copper,  is  com- 
posed of  1  prime  metal,  and  2  primes  oxy- 
gen ;  therefore  its  sign  is  Cu  -f-  20.  In  like 
manner  the  sign  for  sulphuric  add  is  iS^  -f-  3 
0;  for  carbom'c  add,  C  -f-  20;  for  water, 
2ir  +  O,  &c 

When  we  express  a  compound  prime  of  the 
first  order,  or  binary,  we  throw  away  the  -f-, 
aiMi  place  the  number  of  primes  above  the 
letter,  as  the  index  or  exponent  is  placed 
in  arithmetic.  For  example,  CuO  -f-  SO^ 
SB  sulphate  of  copper ;  CuO^  -f-  2S03  =s 
bi-deutosulpbate  of  copper,  or  persulphate^ 
Ttiese  formuhe  have  this  advantage,  that  if 
we  take  away  the  oxygen,  we  see  at  once  the 
ratio  between  the  radicals.  As  to  the  primes 
of  the  second  order,  or  ternary  compounds, 
it  is  but  rarely  of  any  advantage  to  express 
them  by  formulie,  as  one  prime ;  but  if  we 
wish  to  express  diem  in  that  way,  we  may 
do  it  by  using  the  parenthesis,  as  is  done  in 
algebrsic  formuhe:  for  example^  according 
to  Berzelius,  alum  is  composed  of  3  primes 
of  sulphate  of  alumina,  and  1  of  sulphate  of 
potash.  Its  symbol  is  3(A10«  +  280^) 
-|-  (Po^  +  2SOJ).  The  prime  of  ammonia 
is  3HN ;  viz.  3  primes  hydrogen  -^  1  nitro- 
gen. We  shall  use  some  of  these  abbrevia- 
tions in  our  table  of  equivalent  primes,  at  the 
article  Salt. 

To  reduce  analytical  results,  as  usually 
given  for  100  parts,  to  the  equivalent  prime 
ratios,  or,  in  hypothetical  language,  to  the 
atomic  proportions,  is  now  a  problem  of  per- 
petual recurrence  with  which  students  are 
perplexed,  as  no  rule  has  been  given  for  its 
ready  solution.  Ttiough  numerous  examples 
of  its  solution  occur  in  this  Dictionary,  we 
shall  here  explain  it  in  detail. 
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As  in  «U  naaoning  we  must  proceed  froiD 
what  is  known  or  determinate,  to  what  is 
unknown  or  indeterminate,  «o,  in  every  ana- 
lysis, there  must  be  one  ingredient  whose 
prime  equivalent  is  weH  ascertained,  T^iis  is 
employed  as  the  common  measure,  and  the 
proportions  of  the  rest  are  compared,  to  it. 
I^jet  us  take,  for  instance.  Sir  £(.  l>avy*8  an»- 
lysis  of  fluate.of  lime,  to  determine  the  ud« 
known  number  that  should  dmote  the  prima 
of  ^uoric  acid.  We  kn^w,  first  of  all,  that 
two  primes  of  oxygen  =3  2,  combine  with  I 
of  carbon  =5  0.7^  to  form  the  compound 
prime  2.75  of  carbonic  add.  We  likewise 
know  that  carbonate  of  lime  consists  of  44 
carbom'c  acid  -^  56  lime.  We  therefore 
make  this  proportion  to  determine  the  prims 
equivalent  of  lime* 

1.   U  :  56  ;  :  ^.75  :   aS  as  prime  of 
lime. 

,  2.  We  know  that  100.  parte  of  dry  sulphate 
of  lime,  <?6n8i8t  of  41.2  lime  and  58.8  add* 
Hence^  to  find  tlie  prime  of  solphnrio  acid* 
we  make  this  proportion »— > 

4*1.2:  58^8  :  ;  3.5 1  5  ss  prime  of  sulphu- 
ric add. 

.  a  Sir  H.  Davy  obtained,  firom  100  grains 
of  fluor-spar  in  powder,  acted  on  with  repeat- 
ed quantities  of  sulphuric  add,  and  ignited^ 
1 75. 2  grains  of  sulphate  of  lime.  Now,  since 
loo  grains  of  sulphate  of  lime  contain,  as 
above,  41.2  of  lime,  we  have  this  propoi^ 
tion:— 

100  :  41.9  :  :  175.2  :  72.18  s=  lime,  cor- 
responding to  175.2  grains  of  sulphate^  and 
which  previously  existed  in  the  100  gr.  at 
fluor-spar.  If  from  100.  we  subtract  72. 18, 
the  difference  27.82  is  the  fluoric  add,  or  the 
other  ingredient  of  the  flnor  which  saturnted 


the  lima.     Novrto  find  itf  priipe  cquivaleQt» 
we  say, 

72,18:  3.560:^  27.82:  l.a4^t|i«pnme 
or  atom  of  fluoric  add  from  Sir  H.  |>vry*a 
experiment ;  or  in  i^i|nd  number^  sx  h3J^ 

We  shall  give  another  ^xaraiJe,  derived 
from  a  mor^  oomplex  sutrject. 

Jl/L  VauqueUn  found,  that  33  parts  of  iimc^ 
saturated  with  so«i>ic  add,  and  carefully  drie^W 
weighed  100  grains.  •  l^ence  ilia  di^crwgc^ 
67  grains,  vras  t^^  To  find  ifa  equivate^ 
prime,  we  sayj  r    ., 

As  33  :  67  :  :  3.5  ss  the  prime  of  liat^ 
:  7.1  =ss  the  prime  of  die  add**  But  as  km 
brouf^ht  it  to  absolute  n^txafity  ^  a  s^pail 
portion,  of  potasly,  we  may  take  7.6  ^^tlit 
prime.  ' 

M.  Vauquelin  subjected  the  acid,  aa  U 
existe  in  the  dry  sorfartes  of.lead  and  «xipper, 
to  igneous  ^njilysi^  and  p^ned  iJfm  ^bUow* 
ingresulte:*— 

Hydrogen,      16.8 
Carbon,  28.3 

Oxygen,         5(4.0. 

lOOiO 

]^ow  we  must  find  such  an  assemblage  of 
the  primes  or  atoms  of  these  element^  af 
will  form  a  sum-total  of  7.5;  and  «t  dif 
same  time  be  to  each  othtf  in  the  ab^e  pro» 
portions.  The  fc^lowing  very  siaipjk^  n^W 
will  give  a  ready  approximatipn ;  ^d.  with- 4 
common  sliding,  scale  it  may  be  woicked  ifij 
inspection. 

Multiply  each  proportion  per  cent  ^y  the 
compound  primes  and  compare  tl^  prodjudi 
with  the  multiples  of  the  constituent  pr^aes* 
You  can  then  estimate  the  number  of  ea^ 
prime  requisite  to  compose  <he  irlip|l|e*    Tbu|» 


0.168X7.5; 
0.283X7.5; 
0.549  X  7.5 


1.2600  or  10  hydrogen 
2.1225  3  carbon  : 
4. 1 175        4  oxygen    : 


Thsory. 

Sxperiiaciitr 

1.25 

16.7 

1&8^ 

2.25 

30^0 

jfas 

4.00 

5a3 

54wSr 

lOao    100.0 


The  differences  between  these  theoretical 
and  experimental  proportions,  are  probably 
widiin  the  limits  of  the  errors  of  the  latter^ 
in  the  present  state  of  analysis. 

If,  on  Dr  Wollaston's  sode,  we  mark  with 
a  type  or  a  pen,  2b»3bf  &c.  up  to  lO^i ;  2c, 
3c^  4c,  5c;  and  2n,  3n,  4n;  respectively 
opposite  to  twicev  thrice,  &c.  the  atoms  of 
hydrogen,  carbon,  and  nitrogen,  aa  is  already 
done  ^r  oxygen,  (with  the  exception  of  the 
fourth,  where  copp^  statids),  we  shall  then 
have  ready  approximations  to  the  prime  com- 
ponents, by  inspection  of  the  scale.  Move 
the  sUding  part,  so  that  one  of  the  quantities 
per  cent  may  stand  opposite  the  nearest  est^' 
mate  of  a  multiple  pnme  of  that  constituent. 
Thus  we  know  that  liydrog|en,  carbon,  and 
oxygen,  bear  the  relation  tp  each  other  of 


1,  6,  8;  and,  of  course^  the  latter  two^  that 
of  3  to  4.  But  54.9  oxygen  bdng  more 
than  one-half  of  100,  the  weight  of  oxygei^ 
in  the  compound  prime  is  more  than  the  half 
of  7.5,  and  theiVfore  pointe  to  4.  Placo 
54.9  opposite  4  oxygen,  (where  copper 
stands),  we  shall  find  18  opposite  10  hy* 
drogen,  and  30.7  opposite  3  carbon.  Here 
WjB  see  the  proportions  of'  carbon  and  hydro* 
gen  are  both  greater  than  by  Vauquelin'^ 
iinalysis.  Try  51  opposite  4  oxygen,  then 
opposite  3  carbon  we  have  28L7,  and  oppo- 
site  10  hydrogen  16.9*  The  proportions  I 
have  calculated  arithmetically  above^  seem. 
Spmewhat  bet^r  approximations ;  they  were 
deduced  from  hydrogen  9.125^  and  carbon* 
a75,  instead.  <>£  0. 132  a^d  0.754y  as  on  thc> 
scale. 
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If  the  weight  of  the  compound  prime  is 
not  given,  then  we  must  proceed  to  estimate 
the  nearest  prime  proportioDS,  after  inspection 
of  those  per  cent.  Tbe  scale  may  be  used 
with  advantage,  as  just  now  eiplained. 

Tlie  following  case  has  been  reckoned  dif- 
ficult of  solution,  and  has  been  even  involved 
in  an  algebraic  formida.  Let  us  suppose  a 
vegetable  acid,  oontai^ng  combined  ifater, 
wboee  prime  equivalent  is  to  be  detennined 
bj  experiment.  A  crystallised  salt  is  made 
with  1^,  for  example,  and  a  determinate  quan- 
tity of  soda.  Suppose  the  alkali  to  form  26 
per  cent  of  the  ssJt :  the  rest  is  water  and 
acid.  Dissolve  |00  grains,  and  add  them  to 
an  indefinite  quantity  (]X  the  solution  of  any 
salt,  with  whose  base  the  vegetable  acid  forms 
an  insoluble  compound.  Dry  and  weigh  this 
precipitate.  V^thout  decomposing  the  latter, 
we  hisve  sufficient  data  for  determining  the 
prime  equivalent  of  tbe  re^l  add.  We  make 
this  proportion ;  As  the  weight  of  soda  is  to 
its  prime  equivalent,  so  is  the  weight  of  the 
precipitate  to  the  prime  of  the  compound. 
Suppose  148  grains  of  an  insoluble  salt  of 
lead  to  have  been  obtained ;  then  26  :  3.95 
:  :  ^48  :  22.1  3s  tbe  prime  of  the  salt  of 
lead.  From  this,  if  we  deduct  the  weight 
of  the  prime  equivalent  of  oxide  of  lead  ss 
14^  we  have  8. 1  for  tbe  prime  equivalait  of 
the  add*  And  the  crystallised  salt  must  have 
consisted  of, 

Dryacidy  53.3 

Soda,         SiaO 

lY«ter,       8)0.7 

100.0 
As  the  above  numbers  were  assumed  mere- 
ly finr  arithmetic^  illustration,  the  water  is  not 
atomically  expmsed.  Indeed  the  problem  of 
finding  the  add  primes  does  not  require  the 
sal^  to  be  dther  dried  or  weighed.  A  solution 
woisld  sifficeL  Saturate  a  known  weight  <^ 
all^ali  with  an  unknown  quantity  of  the  crys- 
tallised ac|d. '  Add  this  neutral  solution  to 
a  i«dandant  quantity  of  solution  of  nitrate  of 
lead*  Wash,  dry,  and  weigh  the  iqsolaible 
pred^itate,  and  apply  the  above  rule.  . 


Tliere  are  three  systems  of  equivalent  nunw 
hers  at  present  employed :— 1st,  That  having 
oxygen  as  the  radix  ;  2d,  That  having  one 
volume  of  hydrogen  as  the  radix ;  3d,  Ttiat 
having  two  volumes  of  hydrogen  as  the  n^ 
dix,  on  tlie  Daltonian  supposition  that  two 
volumes  of  hydrogen  contain  the  same  nup»- 
ber  of  atoms  as  one  volume  of  oxygen.  Since 
the  volume  of  hydrogen  is  equal  in  wdght  to 
1-1 6th  the  wdght  of  the  volume  of  oxygen, 
the  former  two  systems  are  mutually  con- 
vertible, by  multiplying  the  number  in  the 
oxygen  ratio  by  16,  or  4  X  4^  ^  obtain  the 
number  in  the  hydrogen  scale ;  and  this  is 
reconverted  by  the  inverse  operstion,  namdy, 
dividing  by  16,  or  by  4  X  4v 

Dr  Wolkuton*s  scale,  and  Sir  H.  Davy's 
proportional  numbers,  are  adapted  to  the  idea 
that  water  is  a  compound  of  1  hydro^n  -^ 
7.5  oxygen  by  weighty  or  15-^  1  by  volume. 
Thdr  mutual  conversion  is  therefore  very 
easy;  for  if  we  add  to  Dr  Wollaston's  num- 
ber its  half,  the  sum  is  Sir  H.  Davy's ;  and| 
of  course,  if  we  subtract  from  the  number  of 
the  latter  its  third,  the  remainder  is  Dr  WoU 
laston's  number.  There  is  one  very  frequent 
variation  in  the  weights  of  the  primes  among 
the  best  writers,  namely,  douliling  or  halvinij 
the  number.  This  difference  is  occasioned 
generally  by  an  uncertunty  about  the  firs^ 
term  or  proportion  in  which  the  body  com- 
bines with  oxygen ;  soma  chemists  rfckonipg 
that  a  protoxide  which  others  consider  a  deut-l 
oxide.  Thus  Sur  H.  Davy  givts  108  «b  thej 
number  representing  iron;   from  fyhich,  if 

we  deduct  ^  =s  34.3,  the  remdndsr  08.7 

is  nearly  doiil>le  of  34.5^  the  number  of  Dr 
WoUaston. 

Hie  following  table  of  atomic  wd<^>its, 
by  ^erzdius,  given  according  to  tlie  iuo<^ 
recent  and  exact  analyses,  may  prove  useful 
to  readers  of  the  foreign  works  in  chemistry, 
where  they  are  more  or  lett  generaUjf  adopted* 
The '  numbers  selected  by  him  are  often 
double,  sometimes  triple^  and  even  quadruple^ 
of  those  recdved  by  other  chemists;  but 
those  cases  are  explained  by  his  formula. 


Berzeuus's  hut  Table  of  Prime  Equivalents. 


[                                Name. 

Fonnula. 

Oxygen  ss  loa 

If ydrapsn  sa  1. 

Oxygen,             ... 

O 

100.000 

16.026 

Hydrogen,            -          -          - 

H 

6.2398 

1.000 

2H 

12.4796 

2.000 

l>ntrogen,            ... 

N 

8a518 

14.186 

2N 

177.036 

2a372 

Phosphorus,          -            -         - 

P 

196.155 

31.436 

2P 

392.310 

6a872 

Chlorine,             ... 

a 

221.325 

35.470 

2a 

442.650 

70.940 

Iodine,             ... 

I 

76a781 

123.206 

21 

1537.562 

246.412 
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Name. 

Formula. 

Oxygen  ae  lOaJHydrqgen  s  L 

Carbon,            -             -             . 

C 

7^437 

12.250 

2C 

152.875 

24.500 

Boron,             ... 

B 

135. 9S3 

21.793 

• 

2B 

271.966 

4a586 

Silicon,             ... 

Si 

277.478 

44.469 

Selenium,             ... 

Se 

494.582 

79.263 

Arsenic,            ... 

As 

470.042 

75.329 

• 

2A8 

940.084 

150.659 

Cfaromium,         -          - 

Cr 

351.819 

5&3a3 

. 

2Cr 

703.638 

112.766 

Molybdenum,        ... 

Mo 

598.525 

9&920 

Tungstenium,         ... 

Tuor  W 

1183.200 

189.621 

Antimony,             -             -          - 

Sb 

606.452 

129.243 

2Sb 

1612.904 

25a4«6 

Tellurium,             -             -         - 

Te 

806.452 

129.243 

Tantalum,             -             -          - 

Ta 

U5a715 

184.896 

' 

£Ta 

2307.430 

369.792 

Titanium,            -            -          - 

Ti 

389.092 

62.356 

Gold,  (aurum), 

Au 

124a013 

199.207 

2Au 

2486.026 

39a4l5 

Platina,             ... 

Pi 

1215.220 

194u753 

Rhodium,         -            -             -         > 

R 

750.680 

12ad05 

■ 

2R 

1501.360 

240.6H) 

Pilladium,         -         - 

Pd 

714s618 

114.526 

Silver,  (argentum). 

Ag 

1351.607 

216.611 

Mercury,  (hydi-argyrus), 

Hg 

1265.822 

202.863 

' 

2Hg 

2531.645 

405.725 

Copper,  (cuprum). 

Cu 

395.695 

6a415 

2Cu 

791.390 

126.829 

Uranium,            ... 

U 

2711.360 

434.527 

2U 

5422.720 

869.154 

Bismuth,            ... 

Bi 

1330.376 

2ia20S 

••-^ 

2Bi 

2660.752 

426.416 

Tin,  ^  .dum). 

Rn 

735.294 

117.839 

Lead,  Xplumbum), 

Pb 

1294.498 

207.458 

2Pb 

2588.996 

414.917 

Cadmium,             ... 

Cd 

696.767 

111.665 

Zinc,               ... 

Zn 

403.226 

64.621 

Nickel, 

Ni 

369.675 

59.245 

Cobalt, 

Co 

368.991 

59.135 

2Co 

737.982 

118.270 

Iron,  (ferrum). 

Fe 

339.213 

54.363 

2Fe 

678.426 

10a725 

Manganese^            ... 

Mn 

355.787 

57.019 

2Mn 

711.575 

114^038 

Cerium,             ... 

Ce 

574.718 

92.105 

2Ce 

1149.436 

184.210 

Zirconium,            ... 

Zr 

420.2.38 

67.348 

2Zr 

840.476 

134.696 

Yttrium,             ... 

y 

401.840 

64.395 

Beryllium,  (gludnum). 

Be 

331.479 

5a  123 

2Be 

662.958 

106.247 

Aluminum,             ... 

Al 

171.167 

27.431 

2A1 

342.334 

54.863 

Magnesium,             ... 

Mg 

15a  353 

25.378 

Calcium,             ... 

Ca 

256.019 

41.030 

Strontium,             -             -          - 

Sr 

547.285 

87.709 

Baryum,             ... 

Ba 

856.88 

137.325 

Lithium,          ... 

L 

127.757 

20.474 

Natrium,  (sodium), 

Na 

290.897 

46.620 

2Na 

581.794 

93.239 

Kalium,  (potassium), 

K 

489.916 

7a515 

Ammonia,             -             .         . 

2N2H3 

214.474 

34.372 
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M«n& 

Formula. 

Ozyganasioa 

Hydrogen  ss  1. 

2NC    ^ 

329.911 

52.672 

Sulphuretted  hyc&ogeD, 

2HS    ■ 

2]a6U 

34.239 

Hydrochloric  add. 

2Ha     . 

455.129 

72.940 

Hydrocyanic  add. 

2HNa 

942.380 

54.872 

Water,            ... 

2H 

U  2.479 

ia026 

Fkotoxide  of  mtrogen. 

2N 

277.036 

44.398 

Deutoiide  of  mtrogen. 

■ 

N 

188.518 

30.212 

Nitronaadd, 

••• 
2N. 

477.036 

76.449 

Mtricacid,            ... 

'                 2N 

677.036 

10a503 

Hyposulphuroos  add. 

S     . 

301.165 

4a265 

Sulphurous  add. 

•  • 

s 

401.165 

64.291 

Hypoaulphuric  add. 

2S 

902.330 

144w609 

Sulphuric  add, 

••• 
S 

501.165 

80.317 

Phosphoric  add. 

2P 

.   892.310 

I4a003 

Chloric  add,      '     «-          .         . 

2a 

942.650 

151.071 

I^fchloric  addf 

••• 

2a 

1042.650 

167.097 

Iodic  add,            -            -          - 

•  •  • 

21 

2037.562 

326.543 

Caibonic  add. 

•• 

C 

27^437 

44.302 

Oxalic  acid,            ... 

••• 
2C 

•  452.875 

72.578 

Boracic  acid,            *         .         .    . 

2B 

871.966 

139.743 

Sifidcadd, 

••• 
Si 

577.478 

92.546 

Sekenicadd,         ... 

•• 

Se 

694.582 

111.315 

Arsenic  add. 

•  •  • 

2As 

1440.084 

230.790 

IVotoxide  of  chrome, 

2Cr 

100a638 

160.840 

Chromic  add. 

••• 
Cr 

651.819 

104.462 

M<dybdic  add. 

••• 
Mo 

0 

89a525 

14a999 

Tunstic,  or  wolfram  add. 

W 

148a200 

237.700 

Oxide  of  antimony. 

2Sb 

.1912.904 

306.565 

Antimonious  add. 

Sb 

■  1006.452 

161.296 

2Sb 

m  m 

2012.904 

322.591 

Antimonic  add. 

••••• 

2Sb 

2112.904 

33a617 

Oxide  of  tellurium, 

Te 

1006.452 

161.296 

Tantalic  add. 

••• 
2Ta 

2607.430 

417.871 

Titanic  add,          -          -          -       . 

•• 

Ti 

589.092. 

94.409 

Protoxide  of  gold. 

2Au 

2586.026 

414.441 

Peroxide  of  gold. 

••• 
2Au 

2786.026 

446.4^ 

Oxide  of  platina. 

•• 
Pt 

1415.220 

226.086 
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Namft 

Fonnnla. 

OxygoiaBlOa 

Hydrogen  ^  1. 

Oxide  of  rhodium. 

••• 
2R    - 

1801.360 

Oxide  of  pa^adium. 

Pd 

814618 

iaa&52 

Oxide  of  silyer, 

Ag 

145K607 

882.637 

• 

IVotoxide  o^  mercury^ 

?Hg 

26S1.64i& 

421.7^ 

Boroxide  of  memiiy, 

Hg 

1365.822 

2iaaB9 

IVotoxide  of  copper, 

1 

1 

801.390 

142.866 

Peroxide  of  copper. 

Cu 

405^695 

7&44i 

IVotoxide  of  unuiiuiii. 

• 

u 

2811.360 

45a553 

Peroxide  of  uranium, 

2U 

5722.720 

917.138 

Oxide  of  bismuUi, 

••• 

2Bi 

296a752 

474.49. 

IVotoxide  of  tin. 

Sn 

8S5.294> 

13a866 

Peroxidetoftin, 

•• 

Sn 

935.2941 

I4a8^ 

Oaddeoflead, 

Pb 

1394.498 

223.404 

> 

liiCoium,            ... 

••• 

l^Fb 

2888.99S 

462.905 

Brown  oxide  of  lead. 

Pb 

1494.498 

aa9L5U 

1 

Oxide  of  cadmium. 

Cd 

796.767 

1212.691 

Oxide  cf  sine. 

Zn 

503.226 

Bo.«ta 

Of  ide  of  nicikel. 

Ni 

469.675 

75.271 

Oxide  of  cobalt^ 

Co 

46a  991 

75.161 

Peroxide  of  cobalt. 

••• 
2Co 

1037.982 

166.S4ft 

IVotoxide  of  inHi, 

Fe 

439.213 

70.389 

Peroxide  of  iron. 

••• 
2F 

97^426 

156:804 

IVotoxide  of  manganese^ 

Mn 

455.787 

73.045 

Oxide  oCmi^ganeie^          -         r 

••• 

2Mn 

101L575 

162.117 

Paoxida  of  manganeae, 

Mn 

•  • 

555.787 

89.071 

Manganesic  add. 

2Mn 

1 

121 1.575 

.   194.169 

BM>toxide  oC  cerium. 

Ce 

674.718 

106.132 

Oxide  of  cerium. 

2Ce 

1449.436 

232.289 

ZircoDia,           -           -           - 

'  ••• 
2Zr 

1140.476 

182.775 

Yttria,            .            -            - 

• 

Y 

501.840 

80.425 

Gludna,  or  berrjUia, 

••• 

2Be 

962.958 

154.325 

••• 

2A1 

642.a34 

109.942 

Mtfgneeia, 

Mg 

258.353 

41.404 

lame,            .            .           - 

Ca 

356.019 

57.056 

Scrontia,         .           .           - 

Sr 

647.285 

10a735 

Baryta, 

Ba 

956.880 

158.351 

Lithia, 

• 

L 

227.757 

36.501 
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Name. 

Formula. 

Oxygen  =  100. 

Hydrogen  =  ll 

Natron,  or  aoda, 

Na 

390.897 

62.646 

1 
Peroxide  of  sodiuiOy 

... 
2Na 

881.794 

141.318 

Kali,  or  potasea, 

K 

589.916 

94.541 

Peroxide  of  potassium, 

K 

789.916 

126.593 

Sulpliate  of  potassay 

«  ••• 
KS 

1091.081 

174.859 

Protosulphate  of  iron, 

•    ••• 
FeS 

940.378 

150.706 

Persulpliate  of  iron, 

•••      ••• 

2FeSJ 

2481.906 

397.754 

IVotocfaloride  of  iron, 

FeSa 

781.863 

125.303 

1 

Perchloride  of  iron. 

2Fe  2CP 

2006.376 

321.545 

Protodiloride  of  mercury. 

2Hg2a 

2974.295 

476.666 

Perchloride  of  mcfcur^,       -        « 

Hg2CT 

1708.472 

273.803 

Ferrocyanide  of  iron^ 

Fe  2NC  +  2K  2NC 

2308.778 

370.008 

Alum,            ... 

KS  +  2A1S3  +  242H 

5936.406 

951.378 

Fe1tp«',            ... 

>    K8i-f  2A1  Si3 

3542. 162 

567.673 

ERINITE.  A  species  of  native  arseni- 
ate  of  copper,  consisting,  according  tp  Dr 
Turner's  analysis,  of  oxide  of  copper  59.44^ 
alumina  1.77,  arsenic  add  33.78^  water 
5.01. 

Its  colour  is  beautiful  emerald-green. 
Brittle.  Sp.  grav.  4.043.  I^  was  found  in 
the  county  of  Limerick  in  Ireland,  whence 
its  name. 

ERITROGENE.  The  name  given  by 
ISg.  Birio  of  Venice  to  a  new  animal  pro- 
duct found  in  the  gall-bladder  of  a  person 
who  died  of  jaundice.  It  is  of  a  green 
colour,  tasteless,  smelling  like  putrid  fish, 
transparent,  flexible,  unctuous,  easily  scratdi- 
ed  or  cut,  and  which  crystallizes  in  the  form 
of  rhomboidal  parallelopipeds.  Its  sp.  gr. 
is  1.57.  It  fuses  at  110^  F.,  appearing  like 
an  oil;  when  slowly  cooled,  it  crystallises 
on  solidifying.  When  heated  to  122P  F.  it 
volatilizes,  ^ving  in  contact  with  the  atmos- 
phere a  purple  vapour.  Its  name  was 
given  in  consequence  of  the  power  it  pos- 
sessed of  being  transformed  into  a  red  mat- 
ter, and  of  giving  a  purple  vapour.  It  does 
not  dissolve  in  water  or  ether,  but  with  fa- 
cility in  alcoboL— Joumo/  of  Science,  xvi. 
17a 

ERL AMITE,  a  new  mineral  discovered 
in  1818  by  Brietfaaupt  in  the  Saxon  Erzge- 
berge,  forming  a  part  of  the  oldest  gneiss 
formation.  Its  lustre  is  shining  feebly,  or 
dull.  Streak  shining,  with  a  fatly  lustre. 
Colour,  light  greenish-grey ;  streak,  white. 
Massive.  Sometimes  compact,  sometimes  in 
small  and  fine  granular  distinct  concretions. 
Fracture  in  some  specimens  foliated,  in 
others  splintery  and  even.     Its  structure  is 


distinctly  crystalline ;  but  no  specimen  has 
yet  been  observed  which  admitted  of  regular 
cleavages.  Hardness  between  that  of  apatite 
and  actinolite.  Sp.  gr,  from  3  to  3.1. 
Before  the  blowpipe  it  melts  easily  into  a 
slightly  coloured,  transparent,  compact  pearl, 
and  resembles  gehlenite  more  than  any  other 
mineral.  According  to  the  analysis  of  Pro- 
fessor Gmelin,  it  is  composed  of 


Silica, 

53.160 

Alumina, 

14.034 

Lime, 

14.397 

Soda, 

2.611 

Magnesia, 

5.420 

Oxide  of  iron,     - 

7.138 

Oxide  of  manganese. 

0.639 

Volatile  matter,     - 

0.606 

Loss, 

L995 

100.000 

Schweigger  und  Meinedte,  Jafirbuch  der 
Chemie  und  Phytikt  vii.  76. 

ESSENCES.  Several  of  tlie  volatile  or 
essential  oils  are  called  essences  by  the  per- 
ftimers. 

ETHER.  *A  very  volatile  fluid,  produced 
by  the  distillation  of  alcohol  with  an  acid. 

When  strong  sulphuric  acid  is  poured  upon 
an  equal  weight  of  alcohol,  the  fluids  unite 
with  a  hissing  noise  and  the  production  of 
heat,  at  the  same  time  that  a  fragrant  vege- 
table smell  is  perceived,  resembling  that  of 
apples.  It  is  much  better  and  safer,  how- 
ever, to  add  the  acid  by  small  portions  at  a 
time,  at  such  intervals  as  that  no  perceptible 
heat  may  be  produced.  Hie  mixture  may 
be  made  in  a  glass  retort,  and  the  distillation 
performed  by  regulated  heat  on  a  sand-badi, 
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well  adapted,  and  kept  oool  by 
water,  or  the  lircquent  appUcatioD  of 
dollift.  A  bent  giaas  tube  luted  to  the  tu- 
boloie  of  the  receiver,  and  haniig  its  extre- 
mity immened  in  a  little  water  or  memirj, 
will  allow  tbe  gaaes  to  escape^  and  confine 
tbe  condensable  vapour,  llie  first  product 
is  a  fragrant  spirit  of  wines,  wbicli  is  follow- 
ed by  the  ether,  as  soon  as  the  fluid  in  tbe 
retort  begins  to  boiL  At  this  period*  the 
upper  part  of  the  receiver  is  covered  with 
large  dlftrnrt  streams  of  the  fluid,  wbicb  run 
down  its  sides.  After  the  ether  has  passed 
over,  sulphurous  acid  arises,  which  u  known 
by  its  white  fume  and  peculiar  smdL  At 
this  period  the  receiver  must  be  unluted  and 
removed,  care  being  taken  to  avoid  breath- 
ing the  penetrating  fumes  of  the  add ;  and 
the  fire  must  at  the  same  time  be  modersted, 
because  the  residue  in  the  retort  is  dispoapd 
to  swdL  A  light  ydlow  oil,  called  sweet 
oil  of  wine,  comes  over  after  the  ether,  and 
is  succeeded  by  bbck  and  foul  sulphuric 
add.  The  residue  varies  in  its  properties, 
according  to  the  management  of  the  heat. 
If  the  fire  be  much  increased  toward  the 
end  of  the  process,  the  su^urous  add  that 
comes  over  will  be  mixed  with  vinegar. 

The  ether  comes  o9&  mixed  with  alcohol 
and  some  sulphurous  acid.  It  was  usual  to 
add  some  distilled  water  to  this  product, 
which  occasioned  the  etlier  to  rise  to  the  top. 
Rectification  b  absolutely  necessary,  if  the 
ether  have  a  sulphurous  smell ;  and  this  is 
indeed  the  better  method  in  all  cases,  because 
tbe  vrater  added  in  the  old  method  always 
absorbs  about  one-tenth  part  ci  its  weight  of 
ether,  wbicb  cannot  be  recovered  without 
having  recourse  to  distillation ;  and  also  be- 
cause the  ether  is  found  to  absorb  a  quantity 
of  the  water.  Previous  to  the  rectification, 
a  small  quantity  of  black  oxide  of  manganese 
should  be  added,  shaking  the  mixture  occa- 
riomdly  during  24  hours.  Prout  prefers 
clean  slaked  lime^  as  recommended  by 
Woolfe ;  observing  that  the  bottle  must  not 
.be  above  three  parts  filled,  and  that  it  must 
be  moved  about  in  cold  water  for  some 
minutes  before  the  cork  is  taken  ouL 

Tbe  inexperienced  chemist  must  be  re- 
minded, that  tbe  extreme  inflammability  of 
alcohol,  and  still  more  of  ether  $  the  danger 
of  explosion  which  attends  the  sudden  mix- 
ture Mid  agitaticm  of  concentrated  adds  and 
alcohol ;  and  the  suffocating  effect  of  the 
elastic  fluids,  wlilch  might  fill  tbe  apartment 
if  inadvertently  disengaged ;  are  all  drcum- 
stances  which  require  cautious  management. 

Sulphuric  ether  is  a  very  fragrant,  light, 
and  volatile  fluid.  Its  evaporation  produces 
extreme  cold.  It  is  highly  inflammable, 
bums  with  a  more  luminous  flame  than  al- 
cckuA,  which  is  of  a  deep  blue,  and  emits 
more  smoke.     At  46<>  below  0  of  Fabr.  it 


It  dissultej  cnential  oSa 
aad  fam|ihor  very  plcntifii]^» 
It  diasolves  l-lSdi  of  snU 
figH  Md  l-ITUi  m  Ike  daifc. 
the  mnrimic  soliitioo  of  gold»  ift 
portion  of  the  mdal  m  whrtinn  for 


To  give  sulphuric  cdwr  its  utmost  purity, 
we  must  add  to  tbe  common  pwificd  cifaer 
dry  subcarfoonate  of  potash  in  powdo*,  till 
the  laat  portions  are  not  wetted,  aad  draw 
off  the  ether  by  distillation.  Its  ^  gr.  will 
fall  fiom  a775  to  a74e.  Being  thus  de- 
prived of  its  water,  it  must  next  be  Ireed 
Irom  alcohol,  by  digesting  it  on  dry  muriate 
of  lime,  and  decanting  tbe  supernatant  liquid, 
which  is  cdwr  of  spu  gr.  0.632  at  6(F,  ac 
cording  to  Lowitz.  Distillation  increases 
its  density  to  a7l55  at  69',  accoeding  to 
M.  T.  de  Sanssore. 

Ether  boib  in  the  atmosphere  at  96"  Fabr., 
and  in  vacuo  at  — 20^.  The  density  of  its 
vapour,  as  determined  by  M.  Gay  Lussac,  is 
2.566,  that  of  ah-  being  1.  Ether  admitted 
to  any  gas  standing  over  mercury,  doubles  its 
bulk  at  atmospheric  temperatures.  If  oxy- 
gen be  thus  expanded  with  ether,  and  then 
mixed  with  three  times  its  bulk  of  pure  oxy- 
gen, on  bring  kindled  it  explodes,  Ibnning 
carbonic  acid  and  water.  By  detonating 
such  a  mixture  M.  de  Saussure  inlencd 
ether  to  consist  of 

Hydrogen,     14.40 

Carbon,  67.98 

Oxygen,         17.62 


100.00 
proportions  per  cent  correspond  to 
Olefiant  gas,  80.05 
Water,  19.96 


loaoo 


Or  very  nearly  5  primes  olefiant  gas,  consist- 
ing of  5  carbon  -^  5  hydrogen ; 

Or  (0.750  +  0.125)  X  5  =  4u375 

1  prime  water,  or  1  by-  )   |  .qk 

drogen  -{-  1  oxygen,  J 

5.500 

Or  6  hydrogen  -|-  5  carbon  -f-  I  oxygen. 

By  pasMHg  ether  through  a  red-hot  porce- 
lain tube,  it  is  resolved  into  lieavy  inflammn- 
ble  air,  a  viscid  volatile  oil,  a  little  concrete 
oil,  and  charcoal  and  water. 

Ten  parts  of  water  combine  with  one  of 
ether.  Sulphuric  acid  converts  ether  into 
sweet  oil  of  wine.  If  a  very  little  ether  be 
thrown  into  a  large  bottle  filled  with  chlorine, 
a  white  vapour  soon  rises,  followed  by  ex- 
plosion and  flame.  Charcoal  is  deposited, 
and  carbonic  acid  gas  formed. 

If  we  apply  to  ether  that  principle  of  re- 
search invented  by  M.  Gay  Lussac,  and  so 
successfully  applied  by  him  to  iodine  and 
prussic  add,  we  shall  find  that-* 
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=s  0.6249 


Condensed  into  one  roiume  of  Tspour  of  ether, 
Which  is  Tery  nearly  Ihe  experimental  sp.  gr. 


=  2.5693 
=s  2.5860 


On  this  view,  the  vapour  of  ether  contains 
one-half  of  the  combinied  water  that  the  ▼»- 
poor  of  alcohol  does. 

But  two  volumes  of  olefiant  gaa  consist  of 
-four  volumes  of  hydrogen,  and  four  of  car- 
bon, in  a  condensed  state ;  and  one  volume 


of  aqueous  vapour  consists  of  one  volume  of 
hydrogen,  and  half  a  volume  of  oxygen. 
Hence  the  ratio  of  the  weights  of  the  cou- 
stituents  will  become,  on  the  hypothetical 
oxygen  scale^  in  which  half  a  volume  of 
oxygen  represents  one  atom, 


5  atoms  hydrogen,  s  0.125  X  ^  ==  0.625     1^513 
4  carbon,      =  0.750  X  4  ss  aOOO    64.865 

1  oxygen,     ss  J.OOO  X  1  =  1.000    21.622 


These  jvoportions  differ  from  those  of  M. 
de  Saussure^  in  making  the  carbon  less,  and 
the  oxygen  more,  than  he  found. 

By  my  analysis,  which  was  conducted  with 

much  care  and  often  repeated,  I  found  that 

.ether  purified  in  M.  de  Sauasure's  way,  dfr> 

composed  by  peroxide  of  copper,  consisted 

of— 


4.625  lOaOOO 

Carbon,  59.60  3  atoms  2.25  60.00 
Hydrogen,  laSO  4  da  0.50  laSS 
Oxygen,      27.10     1  do.      1.00     26.66 

wmmmmmm,mm  ■-  1 

100.00  a75   100.00 

See  Analysis,  for  details  of  my  experi- 
ments. ' 

Probably  my  ether  still  contained  a  little 
alcohol,  to  which  its  excess  of  oxygen  and 
defect  of  carbon  is  due. 


Or  3  volumes  olefiant  gas  =  3  X  0.9722  s=  2.9166 
2  do.  vapour  of  water  =  2  X  0.625   =  1.2600 


4b  1666 


The  specific  gravity  of  its  vapour  I  did 
.  not  experimentally  determine ;  but  from  the 
smaller  proporUon  of  carbon  in  it  than  in  the 
ether  analyzed  by  M.  de  Saussure,  I  presume 
the  density  must  have  been  considerably  less 
than  2.586.  Probably  the  sp.  gr.  of  the  li- 
quid ether  examined  by  M.  de  SauiKure  was 
only  0.632;  that  of  mine  was  0.700. 

By  the  recent  analysis  of  MM.  Dumas 
and  Boullay,  ether  consists  of 

Carbon,  65.05 

Hydrogen,  ia85 

Oxygen,  21.24 

100.00 
\     These  chemists  consider   the  theory   of 
.etherification  as  rendered  extremely  simple  by 
their  analyses  of  ether,  sulphovinic  acid,  and 
oil  of  wine,  (which  see).     The  acid  and  the 
alcohol  are  divided  into  two  parts,— one  of 
.which  produces  oil  of  wine,  and  hyposul- 
phuric  acid,  and  occasions  the  formation  of 
a  certain  quantity  of  water ;  and  the  rest  of 
.the  acid  and  alcohol  furnishes,  by  their  ac- 
tion, weakened  acid  and  ether. 
,     These  conclusions  are  at  variance  with  the 
.results  of  Mr  Hennel's  researches,  published 
in  the  Pbilos.  TVans.   for  1826.     What  is 
known  in  London,  and  sold  at  the  Apothe- 
caries' Hall,  by  the  name  of  wl  of  wine,  is  not 


the  hydrocarbon  referred  to  by  MM.  Du- 
mas and  Boullay,  but  a  neutral  compound  of 
sulphuric  acid  with  hydrocarbon,  containing, 
with  the  same  proportion  of  sulphuric  acid, 
twice  as  much  hydrocarbon  as  the  sulphovinic 
add.  <<  M.  Vogel,  who  has  particularly  de- 
scribed some  of  these  salts,  (sulphovtnates)," 
says  Mr  Hennd,  "  and  I  believe  also  M. 
Gay  Lussac,  have  supposed  that  this  loss  of 
saturating  power  arises  from  the  formation  of 
hyposulpburic  add,  and  that  the  hyposul- 
phates  and  sulphovinates  differ  only  in  the 
latter  containing  some  ethereal  oil,  which  in 
some  way  acts  the  part  of  water  of  crystalliza- 
.  tion.  It  is  erident  that  the  properties  of  oil 
of  wine  cannot  be  thus  explained ;  and  it  ap- 
pears to  me  more  probable,  that  the  power  of 
combinadati  which  hydrocarbon  is  »hovm  to 
be  potsested  of  in  oil  of  wine,  is  effective  in 
neutralizing  half  the  add  of  the  salts  (sul- 
phovinates) formed  from  it,  as  before  de- 
scribed." 

In  his  subsequent  researches,  published  in 
the  Phil.  Trans,  for  1828»  Mr  Hennd  shews, 
that  when  alcohol  and  sulphuric  acid,  in 
equal  wdghts,  are  put  together  without  the 
application  of  any  heat  beyond  that  generat- 
ed during  the  mixture,  the  most  important 
and  abundant  product  is  sulphovinic  acid, 
above  one>half  of  the  sulphuric  add  being 
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eonvertod  into  lliai  t>acuIUur  add  by  vanon  nuioti  e4lMiiid«d  fiiitll  M  «ittch  produet  had 
with  hydrocarbon;  for  the  sulphuric  acid  btenwpaMted  as  equalled  tho  water  added  ;«- 
loses  half  its  saturating  power  by  the  union,  the  object  was  to  separate  all  the  ether  and  al- 
and all  the  salts  form^  by  the  new  add  are  cohol  possibk^  Ibr  the  purpose  of  ascertaining 
soluble.  But  when  such  a  mixture^  con-  to  what  extent  the  cooversioci  of  sulphovinic 
taining  so  large  a  proportion  of  sulphovinic  add  into  sulphuric  could  be  carried.  Ko 
acid,  is  distill^,  the  most  important  produet  MiieU  of  salphmtMis  add  was  produced  dur- 
is  a  new  substance,  Damely  ether,  and  the  ingfheoperiltibn,  nor  did  any  charring  of  the 
Bulphorinic  acid  disappears.  A  portion  of  contents  of  the  retort  occur :  when  predpi* 
oil  of  Titriol  was  selected  for  some  compara-  tated  by  A;etaC»  of  lead,  1480  grains  of  sul- 
tive  experiments,  and  also  some  alcohol  of  pbate  of  lead  were  obtained.  ThiB  is  very 
sp.  gr.  0.820 :  500  grahis  of  the  oil  of  vitriol  little  short  of  the  1 500  given  by  the  add  when 
predpitated  by  acetate  of  lead,  gave  1500  unacted  upon  by  alcohol;  and  shows  that 
grains  of  sulphate  of  lead.  nearly  tha  whole  of  the  sulphovinic  add  had 

500  grains  of  the  oil  of  vitriol  were  mixed  been  changed  back  into  the  state  of  sulphuric 

with  500  grains  of  the  alcohol,  and,  alter  acid;  and  is  completely -at  variance  with  the 

forty-dght  hours,  diluted  and  predpitated  by  opinion,  that  when  sulphuric  add  and  alco- 

acetate  of  lead :  only  616  gtains  of  sulphate  hoi  act  upon  each  other,  hyposulphuric  add 

of  lead  were  produced  ;  so  that  very  nearly  is  formed. 

Ihree-fiftbs  of  the  ^Iphuric  acid  had  become  Mr  Htand  nevt  proceeded  t5  ascertain, 

Biilphovinic  add  by  the  effect  of  mixture^  whether,  when  too  aledhol  was  presetit,  ether 

and  little  more  than  two-6fths  remained  to  would  be  produced^     A  qifaiitHy  of  the  s«dk> 

aefces  sulphuric  add  upon  the  remaining  al-  phovinate  of  pOta^  was  therefore  prepared, 

tohol,  full  two-thirds  of  the  quantity  employ-  The  composition  of  this  salt  has  been  given  in 

kL  the  paper  It  the  Philosophical  Thmsacticms 

Another  mixture  of  add  and  alcohol  in  the  before  referred  to,  and  one  hundred  parts  con- 
Mine  proportions,  and  nade  at  the  same  time  tain  28.84  of  potash.  500  grains  were  mix- 
es the  above,  was  then  distilled  until  117  ed  with  150  grains  of  sulphuric  add,  being 
grains  had  passed  over,  consisting  of  water,  nearly  the  equivalent  of  the  potash  in  the 
alcohol,  and  a  portion  of  ether.  The  residue  salt,  and  then  heat  applied.  The  experi- 
in  the  retort  haid  not  undergone  any  charring  ment,  therefbre,  may  be  considered  as  the  dia- 
effect ;  and  being  diluted,  was  precipitated  by  tillation  of  sulphovinic  add  mixed  with  sul- 
the  acetate  of  lead :  the  quantity  of  sulphate  phate  of  potash,  which  it  may  be  presumed 
of  lead  obtained,  amounted  to  804  grains,  remained  inert  during  the  process,  and  also 
indicating  an  increase  in  the  quantity  of  sul-  with  the  water  of  the  acid  and  the  salt.  Tlie 
phuric  add  equivaAeni  to  188  grains  of  sul-  proportion  of  water,  it  fs  found,  has  an  im- 
phate  of  lead.  portant  influence ;  but  in  the  present  expcri- 

A  similar  mixture  of  alcohol  and  sulphu-  ment  about  a  dnichm  of  fluid  distilled  over, 
ric  add,  ^taade  at  the  same  time  and  in  the  and  left  a  blackened  and  add  salt  in  the  in- 
sane proportions  as  the  two  former,  was  then  tort,  having  the  smell  of  sulphurous  add.  A 
distilled  until  200  grains  had  been  recdved,  few  grains  of  carbonate  of  potash  bdng  added 
the  greater  part  of  which  was  ether :  the  un-  to  the  distilled  product,  abstracted  a  little 
charred  residual  matter  in  the  retort  bdng  water.  The  clear  decanted  liquor  was  then 
then  diluted,  was  precipitated  by  acetate  of  mixed  with  a  little  dry  muriate  of  lime^  and 
lead  as  before :  986  grains  of  sulphate  of  lead  by  agitation  separated  into  two  portions :  the 
were  obtained.  This  contained  nearly  2-3ds  upper  one  being  decanted,  amounted  to  near- 
of  the  sulphuric  acid  first  added,  and  the  in-  ly  half  a  drachm,  and  was  found  to  be  pure 
creese  by  distillation  had  been  much  more  ether.  This  result  proves  that  ether  may  be 
than  one-half  of  that  which  existed  before  formed  from  a  sulpbovinate  or  sulphovinic 
the  application  of  heat ;  so  that  during  the  acid,  when  no  alcohol  is  present 
distilhlton,  and  simultaneously  with  the  fof-  In  the  former  paper  it  was  shown,  that  oil 
snation  of  ether,  a  quantity  of  sulphovinic  add  of  wine  when  heated  in  water  is  resolved  into 
had  been  reconverted  into  sulphuric  add,  and  hydrocarbon  and  sulphovinic  add;  an  expe- 
the  latter  appeared  to  increase  in  quantity  in  riment  was  therefore  made  upon  it  200 
JMoportion  to  the  increase  of  ether  in  the  dis-  grains  of  oil  of  wine  were  placed  in  a  retort, 
tilled  products*  a  little  water  added,  and  heat  applied:  about 

A  similar  mixture  of  alcohol  and  acid,  a  drachm  was  recdved,  which,  bdng  re-dia- 
made  at  the  same  time  and  in  the  same  pro-  tilled  from  carbonate  of  potash,  the  product 
portions  as  the  three  former,  was  then  distil-  appeared  to  be  principally  alcohol,  but  the 
led  lintil  200  grains  had  passed  over.  200  presence  of  ether  was  very  evident  This  ex- 
grains  of  water  were  added  to  the  contents  periment  proves  the  formation  of  ether  from 
of  the  retort ;  160  grains  were  distiUed  off*:  sulphovinic  add,  when  no  sulphuric  arid 


a  second  addition  of  200  grains  was  made,  and     present  as  such  at  the  commencement  of  the 
the  distillation  continued :  a  further  addition     distillation. 

of  500  grains  of  water  was  made,  and  the  ope-         It  appears  from  the  facts  detailed,  that  in 
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tlie  iitual  proeeM  Ibr'  obtaining  eUier,  the 
ether  is  not  formed  altogether  from  the  direct 
action  of  the  alcohol  and  sulphuric  acid,  con- 
sidered independently  of  the  sulphovinic  acid 
present;  for  the  quantity  of  free  sulphuric 
add  is  small  compared  to  the  quantity  of  al- 
cohol present,  two-iiAhs  only  of  the  acid  re- 
maining, while  of  the  alccAc^  more  tlian  two- 
thirds  remain ;  and  further,  sulphovinic  acid 
alone  is  readily  converted  into  ether  and  sul- 
phuric acid,  and  during  the  distillation  of 
ether  in  the  ordinary  way,  the  sulphovinic 
add  b  always  re-converted  more  or  less  com- 
pletely into  sulphuric  acid ;  it  probably  there- 
fore assists  much  in  the  process.  The  opinion 
may  therefore  be  supported,  that  the  forma- 
tion of  sulphovinic  acid  is  a  necessary  and 
intermediate  step  to  the  production  of  ether 
fiom  alcohol  and  sulphuric  add. 

It  has  already  been  shown  that  the  produc- 
tion of  ether  is  materially  influenced  by  the 
quantity  of  water  present,  and  that  the  same 
sulphovinic  add  ^rill  yidd  dther  ether  or  al- 
cohol, as  it  is  in  a  concentrated  or  dilute  states 
The  hydrocarbon,  which,  as  was  shown  in  the 
former  paper,  has  the  extraordinary  power  in 
oil  of  wine  of  neutralizing  the  half  of  them, 
bdng  in  the  latter  body  in  so  peculiar  a  con- 
dition, that  it  will  unite  either  with  that  pro- 
portion of  water  necessary  to  form  ether,  or 
with  the  larger  proportion  requisite  to  form 
alcohol,  according  to  drcumstances. 

When  ether  and  sulphuric  add  are  heated 
together,  oil  of  wine  and  sulphovinic  add  are 
amongst  the  products  obtained ;  and  as  this 
sulphovinic  add  is  readily  converted  when 
diluted  into  alcohol  and  sulphuric  add,  so  it 
afibrds  a  method  of  converting  ether  into  al- 
cohol :  thus  ether  may  be  formed  from  alco- 
hol, and  alcohol  from  ether  at  pleasure,  by 
throwing  the  hydrocarbon  of  these  bodies  in- 
to that  peculiar  state  which  it  assumes  when 
cfMBbined  with  sulphuric  add  in  sulphovinic 
add.  We  may  even  proceed  beyond  this,  and 
form  dther  alcohol  or  ether,  using  olefiant 
gas  as  the  hydrocarbon  base :  for  Mr  Ken- 
nel showed  in  his  last  paper,  that  olefiant 
gas,  by  combining  with  sulphuric  acid,  forms 
sulphovinic  add ;  and  the  add  so  produced 
forms  dther  ether  or  alcohol,  according  to 
drcumstances  which  are  under  perfect  com- 
mand. 

Ethers,  exactly  the  same  with  the  sul- 
phuric, may  be  obtained  by  passing  alcohol 
trough  phosphoric  and  arsenic  adds  concm- 
trated  and  heated. 

Another  kind  of  ethers  are  those  which  re- 
sult from  the  combination  of  the  alcohol  with 
the  add  employed  to  make  them.  Nine  such 
ethers  are  known.  Muriatic  ether,  nitric 
ether,  hydriodic  ether,  acetic  ether,  benzoic 
ether,  oxalic  ether,  dtric  ether,  tartaric  ether, 
gallic  ether :  the  [first  four  are  more  volatile 
than  alcohol ;  the  rest  are  much  less  so>  for 
they  boil  with  more  difficulty  than  water. 


AfitrMlfc  ether*  It  Is  formed  by  Batniating^< 
alcohol  with  muriatic  add  gas ;  or  still  better 
by  mixing  together  equal  bulks  of  alcohol  and. 
concentrated  liquid  muriatic  add,  and  heat- 
ing the  mixture  in  a  glass  retort  connected 
with  a  Woolfe*8  apparatus.  The  first  bottle 
should  contain  a  quantity  of  water,  at  about 
80°  Fahr. ;  the  second  should  be  surrounded 
with  ice.  From  10  ounces  of  acid,  and  an 
equal  bulk  of  alcohol,  1.2  ounces  of  ether 
may  be  obtained. 

Under  the  barometric  pressure  of  30  incbeS| 
this  ether  is  always  gaseous  at  5 IS  and  all 
higher  temperatures.  In  the  state  of  gas  it 
is  colourless,  and  without  action  on  litmus  or 
violets.  Its  odour  is  very  strong,  and  analo- 
gous to  that  of  sulphuric  ether ;  its  taste  is 
poceptibly  saccharine ;  and  its  sp.  gr.  com- 
pared to  that  of  air  is  2.219. 

lu  the  liquid  state,  at  40**  Fahr.,  its  sp.  gr. 
is  0.874.  Poured  on  the  palm  of  the  hand  it 
immediatdy  boils,  and  produces  much  cold. 

According  to  MM.  Colin  and  Robiquet, 
{Annates  de  Chimie  et  de  Phj^aique,  i.  p.  348.) 
one  volume  of  muriatic  ether  passed  through 
a  porcelain  tube,  at  a  dull  red  beat,  is  resolv- 
ed into  a  mixture  of  one  volume  olefiant  gas, 
and  one  volume  muriatic  add  gas.  By  add- 
ing the  density  of 

Olefiant  gas  ^  0.9722  to  that  of 

Muriatic  acid  gas,  ^  1.2840 

we  have  the  sum  s=  2.2562 

which  is  nearly  the  sp,  gr.  of  the  vapour  by 

experiment  1=:  2.2190. 

When  a  lighted  taper  is  brought  near  the 
surfiice  of  this  ether,  it  immediately  takes  fire, 
and  bums  with  a  greenish  flame.  Muriatic 
gas,  carbonic  acid,  and  water,  result*  Simi- 
lar products  are  obtained  by  firing  a  mixture 
of  its  vapour  with  oxygen,  either  by  the  taper 
or  electric  spark.  If  the  oxygen  be  to  the 
vapour  in  the  ratio  of  3  to  1,  a  violent  deto- 
nation takes  place,  which  breaks  common  eu^ 
diometers. 

Wat^  dissolves  of  muriatic  ether  a  volume 
equal  to  its  own,  at  mean  pressure  and  tem- 
perature. The  solution  has  a  sweet  and  cool- 
ing taste,  analogous  to  that  of  pepperminL 
Although  it  be  very  soluble  in  alcohol,  wat^ 
separates  the  whole  of  it.  Chlorine  instantly 
decomposes  muriatic  ether.  Nitrate  of  silver 
and  protonitrate  of  mercury,  two  salts  which 
suddenly  occasion  predpitates  in  waters  con- 
taining muriatic  add,  either  free  or  combined 
vrith  a  salifiable  base,  produce  no  immediate 
cloud  with  this  ether.  It  is  only  aAer  some 
hours  contact  that  we  begin  to  perceive  an 
action ;  and  even  after  three  months,  the  mu- 
riatic acid  is  not  completely  thrown  down. 
These  experiments  must  be  made  in  phials 
closed  with  wdl-ground  stoppers. 

The  ether  produced  by  treating  certain 
muriates,  especially  the  fuming  muriate,  or 
chloride  of  tin,  with  alcohol,  is  muriatic  ether. 
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The  obIj  diiftrenM  which  eiirtsbetwtcii  the  tiw  li^iid  of  tha  lint  bottle,  md  radlrtilM 

fermer  and  thb  kind  is,  thit  die  edier  formed  ftomaralort  bjragendehealviiitoareoeiTer 

with  the  add  is  a  little  more  TOlatilethaii  the  sanpounded  with  ice.     The  fint  product  b 

ether  made  with  the  chlorides.  «i  ether,  which  mi^  be  entirely  depriTed  of 

JNtirie  eiker.     Tbaa  ether  is  prepared  by  add,  bjr  bdng  placed  In  contact  with  odd 

distilling  equal  parts,  by  weight,  of  alcohol  qoiddime  in  a  phial,  and  decanted  off  it  in 

and  the  aquafortis  of  coBunerce.     After  hsr-  about  half  an  hoar.     From  a  mixture  of 

ing  introduced  them  into  a  retort  capable  of  about  500  parts  of  dcohol,  and  as  much 

holding  double  the  bulk,  it  must  be  put  in  add,  about  100  parts  of  exoellcnt  ether  may 

connexion  with   a  Woolfe's  apparatus,  of  be  procured. 

which  the  6rst  bottle  is  empty,  and  the  other  Nitric  ether  in  its  ordinary  state  isa  liquid 

four  half  filled  with  saturated  brine.     The  of  a  ydlowish-white  colour.    It  has  an  odour 

whole  bottles  must  be  put  into  an  oblong  box,  anal^ous  to  tiiat  of  the  preceding  ethers, 

and  surrounded  with  a  mixture  of  snow  and  but  much  stronger,  so  that  its  inhalation  into 

salt.     We  then  apply  a  gentle  heat  from  a  the  nostrils  pn^luccs  a  species  of  giddiness, 

charcoal  chauffer.     As  soon  as  the  liquor  be-  It  does  not  redden  litmus.     Its  taste  is  acrid 

gins  to  boil,  we  must  instantly  withdraw  the  and  burning.     Its  sp.  gr.  is  greater  than 

heat,  and,  if  necessary,  check  the  riolence  of  that  of  doobol,  and  less  than  that  of  water, 

the  ebullition  by  the  application  of  a  moist  It  bdls  at  70^  F.,  or  at  that  temperature 

sponge  or  rag  to  the  retort.     The  operation  sustdns  a  column  equal  to  30  inches  of  mer- 

is  fimsbed  when  it  spontaneously  ceases  to  eury.     Poured  into  the  hand,  it  immediatdy 

boiL     By  this  time  the  product  forms  a  little  boils,  and  creates  considerable  cold.     It  is 

more  than  cme-third  of  the  alcohol  and  add  suffident  to  grasp  in  our  hands  a  phial  oon- 

employed.  taining  it,  to  see  bubbles  immediately  escape* 

But  ether  is  not  the  sole  product  of  the  It  takes  fire  very  readily,  and  bums  quite 

operation.     We  obtain  also  much  protoxide  away,  with  a  white  flames 

of  axote  and  water,  a  little  azote,  deutoxide  When  agitated  with  25  or  30  times  its 


cftaote,  carbonic  add  gas,  nitrons  add  ga%     weight  of  water,  it  is  divided  into  tlxree  por- 
acetic  add,  and  a  substance  easily  caibonized.     tions.     One^  the  smallest,  is  dissolved ; 


We  are  thus  led  to  suppose  that  a  portion  of  ther  is  converted  into  vapour;  and  a  third  ia 

the  alcohol  is  completely  decomposed  by  the  decomposed.     The  solution  becomes  sud- 

nitric  add ;  that  it  yidds  almost  all  its  hydro-  denly  acid ;  it  assumes  a  strong  smdl  of 

gen  to  the  oxygen  of  this  add ;   and  that  apples;  and  if,  after  saturating  with  potash 

hence  result  all  the  products,  besides  the  ether,  the  acid  which  it  contains,  it  be  subjeOed  to 

whilst  the  alcohol  and  the  nitrous  add  unite  distillation,  we  withdraw  the  alcohol,  and  ob- 

to  constitute  the  ether  properly  so  called.  The  tain  a  residue  formed  of  nitrate  of  potash, 

whole  ether  comes  over  as  well  as  the  asote^  We  see  here  that  there  is  a  separation  of  one 

protoxide  of  asote^  deutoxide  of  asote,  and  part  of  the  two  bodies  which  constitute  the 

cafbonic  add.     As  to  the  water,  nitrous  and  ether.    Left  to  itself  in  a  well-stopped  bottle^ 

acetic  acids,  they  itre  disengaged  only  in  part,  the  ether  sufien  a  spontaneous  change^  for 

as  well  as  a  portion  of  the  alcohol  and  nitric  it  becomes  perceptibly  add.    By  distillatioB, 

add  which  escape  thdr  redprocal  action.  In  add  is  instantly  developed,  whidi  shows  that 

ftct,  the  easily  charred  matter  renuuns  in  the  beat  favours  its  decomposition.     If,  instead 

retort  along  with  a  little  acetic  add,  about  78  of  exposing  the  nitric  ether  to  a  iiigtiliiny 

parts  of  nitric  add,  60  of  alcohol,  and  284  of  heat,  we  make  it  traverse  an  ignited  tubc^  k 

water,  supposing  that  we  had  operated  upon  is  completely  decomposed.     41.5  parts  of 

500  parts  of  alcohol  and  as  much  dilute  nitric  ether  thus  decomposed  yidded  5^63  water, 

add.  eontdning  a  little  prussic  add ;  0.40  of  am^ 

It  is  because  there  is  formed  so  great  a  monia;  0.80  oil;  0.30  of  charcoal;  0.75 

quantity  of  gas,  that  the  salt  water  and  refH-  carbonic  add ;  29.9  of  gases,  formed  of  deut- 

geration  are  required.     Without  these  pr&-  oxide  of  axote^  azote,  subcart>uretted  hydr»- 

Cautions,  the  greater  part  of  the  ether  would  gen,  and  oxide  of  carbon.    The  loss  amount- 

be  carried  off  into  the  atmosphere ;  and,  even  ed  to  3.72. 

vrith  them,  some  is  always  lost.  It  is  very  slowly  decomposed  by  poCashk 

On  unluting  the  apparatus,  there  is  found  When  combined  with  nitrous  acid  gas  or 

in  the  first  bottle  a  large  quantity  of  yellow-  acetic  acid,  so  intimate  a  union  is  efiected, 

ish  liquid,  formed  of  mudi  weak  alcohol,  of  that  in  making  the  compound  pass  through 

ether,  with  nitrous,  nitric,  and  acetic  adds,  the  most  concentrated  aJkalis,  only  a  small 

In  the  second,  we  find  on  the  surface  of  the  portion  of  its  add  is  separated.    Nitric  ether, 

salt  water  a  pretty  thick  stratum  of  ether,  from  its  great  volatility,  quintuples  the  vo- 

contaroinated  with  a  little  add  and  alcohol,  lume  of  oxygen  gas  at  ordinary  temperatures. 

In  the  third,  a  thinner  layer  of  the  same,  and  We  possess  no  exact  analysb  of  nitroua 

BO  on.  ether. 

These  layers  are  to  be  separated  ftom  the  Hydriodic   ether,     M.    Gay   Lussac^    to 

water  by  a  long.necked  funnel,  mixed  with  whom  the  formation  of  this  ether  is  du«. 
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ttbtumd  it  by  iniuiDg  tdgetb«r  equal  bullU  of        JcHic  «iA«r  wasdneovered  by  Scfaeele,  but 

alcohol  and  a  coloured  ^driodic  acid,  8p.  gr.  fint  accurately  eiamiiiad  by  M.  Thenard. 
1.700,  disttlling  the  mixture  by  the  heat  of         Take  100  parts  of  rectified  alcohol,  03 

a  water  bath>  and  diluting  with  water  the  parts  of  concentrated  acetic  acid,  17  parts  of 

product  whidi  gradually  collects  in  the  Ire-  sulphuric  acid  of  commerce.     After  having 

ceivcr*    The  ether  precipitates  in  the  form  of  mixed  the  wholes  introduce  them  into  a  tu* 

small  globules,  which  have  at  first  a  milky  bulated  glass  retort,  connected  with  a  huge 

aspect,   but  which  by  their  union  form  a  globular  receiTO' surrounded  with  cold  water, 

transparent  liquid.    It  is  purified  by  repeated  On  applying  heat,  the  liquid  enters  into 

washings  with  water.  ebullition  (  and  when  183  parts  of  ether  haTe 

This  ether  does  not  redden  litmus;  its  passed  orer,  the  process  may  be  stopped* 

naeU  is  strongs  and  analogous  to  that  of  the  To  render  it  perfectly  puic^  we  have  only  to 

rest     Its  sp.  gr.  is  1.9206  at  12^  F.     It  i^Ace  it,  for  half  an  hour,  in  contact  with  10 


in  the  courM  of  a  few  days  a  rose  or  12  parts  of  the  caustic  potash  of  the 

colour,  which  becomes  no  deeper  by  time^  .  apothecary,  in  a  coiked  phial,  and  to  agitate 

and  which  mercury  and  potash  instantly  re-  fh>m  time  to  time.     Two  strata  will  form; 

more,  by  seising  the  iodine  which  occasions  the  undermost  thin,  composed  of  potash  and 

it  acetate  of  potash  dissolved  in  water;   the 

Hydriodic  ether  boils  at  156^  F.     At  or-  uppermost  much  more  oonndersble,  consist 

dinary  temperatures,  it  does  not  kindle  by  ing  of  pure  ether,  which  niay  be  separated 

tbe  approach  of  a  lighted  taper  to  its  surfoce,  by  a  long-necked  ftinneL     The  solphurie 

bat  only  exhales  purple  tapours,  when  pour-  add  does  not  enter  at  all  into  the  composU 

•d  drop  by  drop  on  burning  coals.     Fbtas-  tion  of  this  ether.     It  merely  favours  the 

stum  keeps  in  it,  without  alteration.    Potash  reaction  of  the  alcohol  and  acetic  acid.    TUs 

does  not  instantaneously  change  it»     The  mode  is  much  better  than  the  old  one,  of 


may  be  said  of  nitric  and  sulphurous  distilling  many  times  over  the  same  mixture 

adds,  as  wdl  as  chlorine.     By  passing  it  of  acetic  add  and  alcohol.     Or  we  may  ob- 

tiirough  an  incandescent  tube^  it  is  converted  tain  an  excellent  acetic  ether,  very  economi* 

Into  a  carburettcd  inflammable  gas;   into  cally,  by  taking  3  parts  of  acetate  of  potssb, 

dark  brown  hydriodic  acid ;  into  charcoal ;  3  of  concentrsted  alcohol,  and  2  of  oil  of 

and  JiocctUi,  whose  odour  is  etfaereou%  and  vitriol ;  introducing  the  mixture  into  a  tubu- 


which  M.  Gay  Lussac  considers  as  a  sort  of  lated  retort,  and  distflling  to  perfect  drjm 

ether,  formed  of  hydriodic  add,  and  of  a  then  mixing  the  product  with  the  fifUi  part 

vegetable   product   different  from  aloohoL  of  its  weight  of  oil  of  vitriol,  and,  by  a  cere* 

T^se  flakes  mdt  in  boiling  water,  and  a»-  lui  distilladon,  drawing  oflTas  miich  ether  as 

eume  on  cooling  the  transparency  and  colour  there  was  alcohol  employed, 
of  wax.     They  are  much  less  volatile  than         Acetic  ether  is  a  c^ourless  liquid,  having 

hydriodic  ether,  and  evolve  much  more  iodine  an  agreeable  odour  of  sulphuric  edwr  and 

vrhen  projected  on  glowing  cools.  aoedc  add.    It  does  not  redden  litmus  paper. 

Bikers  fi-om  vegeiabU  acids*     Almost  all  or  tincture  of  turnsole.    Its  taste  is  peculiar. 

the  vegeteble  adds  dissolve  in  alcohol,  and  Its  sp.  gr.  is  0.866,  at  44.50  F. 
acpaiate  from  it  again  by  distillation,  without         Under  the  ordinary  atmospheric  preasufe, 

any  peculiar  product  bdng  formed,  however  it  enters  into  ebullition  at  160°  Fahr.     A 

frequently  we  act  upon  the  same  quantity  of  lighted  taper  brought  near  its  surface  at  o^ 

add  and  alcohoL     Such  is  the  case  at  least  dinary  temperatures  sets  fire  to  it,  and  it 

vritb  the  tartaric,  dtric,  malic,  bensdc,  oxalic,  bums  with  a  yellowish-wbite  flame.     Acetic 

and  gallic  acid.     But  this  cannot  be  said  of  add  is  developed  in  the  combustion.     It  is 

the  acetic.     The  action  of  this  acid  on  al-  not  changed  by   keeping.     Water  at  6^9* 

eohol  is  such,  that  by  means  of  repeated  dis-  dissolves  7^  parts  of  its  wdght.    When  thus 

tillations,  the  two  bodies  disappear,  and  form  dissolved  in  water,  it  exercises  no  action  on 

a  true  ether ;  whence  it  has  been  inferred  by  litmus^  and  it  preserves  its  characteristic  odour 

M.  Thenard,  that  this  fluid  is  probably  the  and  taste.     But  when  this  solution  is  put  in 

only  one  of  the  vegetable  adds  at  present  contact  with  the  half  of  its  weight  of  caustic 

known,  which  can  exhibit  by  itself  the  phe-  potash,  its  odour  and  taste  disappear.     It  is 

nomenon  of  etherisation.     But  if,  instead  of  now  completely  decomposed.     Hence»  if  we 

putting  the  vegetable  adds  alone  in  contact  submit  this  liquid  to  distillatipn,  alcohol  passes 

with  alcohol,  we  add  to  the  mixture  one  of  over,  and  acetate  of  potash  remains.     Acetic 

the  concentrated  mineral  adds,  we  can  then  ether  is,  like  all  the  others,  very  soluble  in 

produce  with  several  of  them  compounds  alcohol,  and  separable  from  alcohol  by  water, 

analogoiis  to  the  preceding  ethers.    The  mi-  Its  other  properties  are  unknown.     It  is 

neral  add  probably  acts  here  by  condensing  used  only  in  medicine  as  an  exhilarant  and 

the  akolKri,  and  elevating  the  temperature  to  diuretic 

such  a  degree  as  to  determine  the  requisite         Benxoic  ether.    The  presence  of  a  mineral 

chemical  reaction.  add  is  indispensable  to  ils  formation,  as  well 

as  that  of  the  rsmainiBg  vegetable  ethers. 
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Take  SO  parts  of  benxoic  add,  60  of  alco-  add,  35  of  alcohol,  10  of  oil  of  vitriol,  and 

bol,  15  of  strong  muriatic  acid.     Introduce  distil  the  mixture  till  a  little  sulphuric  ether 

these  ingredients  mixed  together  into  a  tu-  begins  to  be  formed.     If  at  this  period  we 

bulated  retort,  and  distil  into  a  refrigerated  withdraw  the  heat  from  the  retort,  the  liquor 

receiver,  stopping  the  operation  when  two^  will  assume  a  syrupy  consistence  by  cooling, 

thirds  have  passed  over.     Atmospherical  air,  But  in  vain  sbaU  we  pour  in  water,  in  hope 

and  traces  of  muriatic  add,  are  the  only  gas-  of  separating,  as  in  the  preceding  cases,  a 

eous  products.     The  first  portion  of  the  11-  peculiar  combination  of  the  vegetsble  add 

quid  is  alcoh<4  charged  with  a  little  add,  but  and  alcohol.     But  let  us  add  by  degrees 


tiie  last  will  contain  a  certain  quantity  of  lution  of  potash,  we  shall  throw  down  much 

benxoic  ether,  which  is  easily  separable  by  cream  of  tartar ;  then,  afler  baring  just  sa- 

water.     A  hurge  quantity  of  this  ether  re-  turated  the  redundant  add,  if  we  evaporate 

mains  in  the  retort,  covered  by  a  pretty  thick  the  liquid,  and  treat  it  in  the  cold  with  very 

stratum,  consisting  of  alcohol,  water,  muria-  pure  alcohol,  we  shall  obtain,  by  evaporation 

tic  and  benidc  adds.    By  repeated  affusions  of  the  alcoholic  solution,  a  substance  whidi, 

of  hot  water  into  the  retort,  this  stratum  will  on  cooling,  will  become  more  syrupy  than 

be  finally  dissolved.     It  is  easy  thus  to  pro-  the  matter  was,  before  bdng  treated  vrith 

cure  benzoic  ether.     But  as  so  made,  it  is  potash  and  alcohol.     This  substance,  whidi 

always  contaminated  with  a  portion  of  ben-  is  easily  prepared  in  considerable  quantity, 

sole  add,  which  renders  it  solid  at  ordinary  has  a  brown  colour,  and  a  very  bitter  and 

temperatures,  and  makes  it  act  on  litmus,  slightly  nauseous  taste.     It  is  void  of  smell 

It  may  be  purified  by  agitation  with  a  small  and  aodity,  and  is  very  soluble  in  water  and 

quantity  of  alkaline  solution,  and  subsequent  alcohol.     It  does  not  precipitate  muriate  of 

washing  with  water.     There  is  no  muriatic  lime,  but  copiously  the  muriate  of  baryta, 

acid  found  in  this  purified  ether.  When  calcined  it  diffuses  dense  fumes,  which 

Etkertfrom  oxaUc  acid,  citric,  f  c.  When  have  the  odour  of  garlic,  and  at  the  same 
we  make  a  solution  of  30  parts  of  oxalic  add  time  it  leaves  a  charcoaly  residue,  not  alka- 
in  35  parts  of  pure  alcohol,  and  haring  add-  line,  containing  much  sulphate  of  potash, 
ed  10  parts  of  oil  of  vitriol,  we  subject  the  Finally,  if  distilled  with  potash,  it  is  resolved 
whole  to  distillation  till  a  little  sulphuric  into  a  very  strong  alcohol,  and  much  tartrate 
ether  begins  to  be  formed,  we  shall  find  that  of  potash.  Tliis  substance  is  therefore  a  corn- 
nothing  but  alcohol  slightly  etherised  has  bination  analogous  to  the  preceding.  But 
passed  into  the  recdver,  and  there  remains  what  is  peculiar  to  it  is  its  syrupy  states  and 
in  the  retort  a  brown-coloured  strongly  add  the  property  it  possesses  of  rendering  soluble 
liquor,  from  which,  on  cooling,  crystals  of  in  the  most  concentrated  alcohol  the  sulphate 
oxalic  add  fall  down.  But  when  we  dilute  of  potash,  vriiicb  of  itself  is  insoluble  in  ar» 
the  residual  liquor  with  vrater,  a  matter  is  dent  spirits.  It  is  perhaps  owing  to  this  ad- 
separated  similar  to  what  the  benzoic  add  mixture  of  sulphate  of  potash,  that  it  wants 
yidded,  scarcely  soluble  in  water,  very  abun-  the  dly  aspect  belonging  to  all  the  other 
^bm^  and  which  is  obtained  pure  by  washing  combinations  of  this  genus. 
it  with  cold  water,  and  remoring,  by  a  little  These  vegetable-add  ethers  may  be  coo- 
alkali,  the  excess  of  add  which  it  retains.  sidered  dther  as  compounds  of  add  and  al- 

If  we  treat  in  the  same  way  the  citric  and  cohol,  or  of  the  ultimate  constituents  of  the 

malic  adds,  we  obtain  similar  products.    The  former  with  those  of  the  latter, 
three  substances  resulting  frt>m  these  three         Phosphoric  and  artenic  eihers  are  made 

adds  have  analogous  properties.     They  are  from  phosphoric  and  arsenic  adds,  and  alco- 

all  yellowish,  somewhat  heavier  than  water,  hoL     Hiey  differ  in  no  respect  from  sul- 

void  of  smeU,  perceptibly  soluble  in  water,  phuric  ether.— JSottittay,  Jowmal  de  Pharmm 

and  very  soluble  in  alcohol,  from  which  they  tom.  L,  and  La9$aigH€y  Ann*  de  Chim.  el  de 

are  predpitated  by  water.     They  differ  from  PAyt.  tom.  xiu.  294w 

each  other  in  taste.     That  made  from  oxalic         JBTHIOPS  (MARTIAL).    Bkck  oxide 

add  is  fiiintly  astringent ;  that  from  the  dtric  of  iron. 

add  is  very  bitter.     The  first  is  the  only  one         ETHIOFS  (MINERAL).     The  black 

which  is  volatile ;  it  is  vaporized  with  boiling  sulphuret  of  mercury, 
water,  and  by  this  means  it  is  easily  obtain-         ETHIOFS  PER  SE.     Black  oxide  of 

ed  white.     When  heated  with  a  solution  of  mercury,  formed  by  agitation  with  access  of 

caustic  potash,  they  are  all  three  deoompos-  air.     The  term  is  obsolete, 
ed,  and  yield  alcohol  along  with  their  pecu-         EVAPORATION.     A  chemical  opera- 

liar  adds,  but  no  trace  of  sulphuric  add.  tion  usually  performed  by  appljring  heat  to 


Tartaric  acid  is  also  susceptible  of  com-  any  compound  substance,  in  order  to  sepa- 

bining  with  alcohol  like  the  preceding  acids,  rate  the  volatile  parts.     It  differs  from  dis- 

But  it  presents  some  curious  phenomena,  tillation  in  its  object,  which  chiefly  consists 

Tlie  experiment  of  its  formation  must  be  in  preserving  the  more  fixed  matters,  vriiile 

conducted  in  the  same  way  as  vrith  oxaKc  the  volatile  substances  are  dissipated  and  lost, 

acid.     We  must  employ  30  parts  of  tartaric  And  the  yessds  are  accordingly  different ; 
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•fHioimtiop  btSag  cominonly  nade  in  open 
•bflUoir  Tcswis,  Mid  dialillation  In  an  appa- 
nttts  novly  doaed  from  tbe  external  air. 
*  Hm  degree  of  heat  must  be  duly  regu- 
lated in  evaporation.  When  the  fixed  and 
more  volatile  matters  do  not  greatly  diflfer  in 
their  tendency  to  fly  oflr»  the  heat  must  be 
Yery  carefully  adjusted ;  but  in  other  eases 
this  is  less  necessary. 

-  As  evaporation  oonsisiB  in  the  assumption 
of  the  elastic  form,  its  rapidity  will  be  in  pro- 
portion to  the  degree  of  heat,  and  the  dimi- 
nution of  tbe  pressure  of  the  atmosphere. 
A  current  of  air  is  likewise  of  service  in 
this  process. 

In  treating  of  alum,  I  alluded  to  a  method 
of  evi^Nirating  liquors  lately  introduced  into 
large  manufactories.  A  water-tight  stone 
dstem,  about  three  or  four  feet  broad,  two 
feet  deep,  and  20,  30,  or  40  feet  long,  is 
covered  above  by  a  low  brick  arch.  At  one 
extremity  of  this  tunnel  a  grate  is  built,  and 
at  the  other  a  lofty  chimney.  When  tbe 
cistern  is  filled,  and  a  strong  fire  kindled  in 
the  reverberatory  grate,  the  flame  and  hot  air 
sweep  along  tbe  surfiice  of  the  liquor,  raise 
tbe  temperature  of  the  uppermost  stratum, 
almost  instantly,  to  near  the  boiling  point, 
and  draw  it  off  in  vapour.  Tbe  great  ex- 
tent, rapidity,  and  economy  of  this  process, 
recommend  it  to  general  adoption  on  the 
large  scde. 

Mr  Barry  has  lately  obtained  a  patent  for 
an  apparatus,  by  which  vegetable  extracts  for 
the  apothecary  may  be  made  at  a  very  gentle 
heat,  and  in  vacuo.  From  these  two  circum- 
atanees^  extracts  thus  prepared  differ  fVom 
those  in  common  use,  not  only  in  their  phy- 
sical, but  medicinal  properties.  The  taste 
and  smell  of  the  extract  of  hemlock  made 
in  this  way,  are  remarkably  diflfbrent,  as  is 
tbe  colour  both  of  the  soluble  and  feculent 
parts.  Tbe  form  of  apparatus  is  as  fol* 
lows:— 

The  evaporating  pan,  or  still,  is  a  hemi- 
^herical  dish  of  cast-iron,  polidied  on  its 
inner  surface,  and  furnished  with  an  air- 
tight fiat  lid.  From  the  centre  of  this  a 
pipe  rises,  and  bending  like  tbe  neck  of  a 
retort,  it  forms  a  declining  tube,  which  ter- 
minates in  a  copper  sphere  of  a  capacity 
three  (four  ?)  times  greater  than  that  of  the 
still.  There  is  a  stopcodL  on  that  pipe, 
midway  between  tbe  still  and  the  globe^  and 
another  at  the  under  side  of  the  Utter. 

The  manner  of  setting  it  to  work  is  this  i 
—Hie  juice^  or  infusion,  is  introduced 
through  a  large  opening  into  the  polished 
iron  stilt,  idiich  is  then  closed,  made  air- 
tight, and  covered  with  water.  The  stop- 
cock which  leads  to  the  sphere  is  also  shut. 
In  order  to  produce  the  vacuum,  steam,  from 
a  separate  apparatus,  is  made  to  rush  by  a 
ptpe  through  the.  sphere,  till  it  has  expelled 
all  tbe  air,  for  which  five  minutes  are  com- 


monly sufficient     Tbb  is  known  to  be  ef- 
fected, by  tile  steam  issuing  uncondensed. 
At  that  instant  the  copper  sphere  is  clesed, 
the  steam  shut  off,  and  cold  water  admitted 
on  its  external  surface.      Tbe  vacuum  thus 
produced  in  the  copper  sphere,  which  con- 
tains fbur-flfUis  of 'the  air  of  the  whole  ap. 
paratui,  is  now  partially  transferred  to  the 
still,  by  opening  the  intermediate  stopcock. 
Thus,  fbur-fifUw  of  the  air  in  the  stiU  rush 
into  die  sphere^  and  tbe  stopcock  being  shut 
again,  a  second  exhaustion  is  efiected  by 
steam  in  tbe  same  manner  as  the  first  was; 
after  which,  a  momentary  communication  u 
again  allowed  between  the  iron  still  and  the 
receiver :  by  this  means,  four-fifths  of  the  air 
remaining  alter  the  former  exhaustion,  are 
expelled.     These  exhaustions,  repeated  five 
or  six  times,  are  usually  ibund  sufiScient  to 
raise  the  mercurial  column  to  the  height  of 
28  inches.     The  water  bath,  in  which  the 
iron  still  is  immerted,  b  now  to  be  heated 
until  the  fluid  that  is  to  be  inspissated  be- 
gins to  boil,  which  is  known  by  inspection 
through  a  window  in  the  apparatus,  made  by 
fastening  on,  air-tight,  a  piece  of  very  strong 
glass ;  and  the  temperature  at  which  die  boil- 
ing point  is  kept  up,  is  determined  by  a  ther- 
mometer.    EMUtion  is  continued  until  the 
fluid  is  inspissated  to  the  proper  degree  of 
consistence,  which  also  is  tolerably  judged  of 
by  its  appearance  through  the  glass  window. 
The  temperature  of  tbe  boiling  fluid  is  usu- 
ally about  \(Xfi  F.,  but  it  migbt  be  reduced 
to  nearly  90*". 

In  the  autumn  of  1821,  Mr  Barry  show- 
ed M.  Clement  and  myself  the  details  of  his 
evaporatory  apparatus,  with  the  ingenuity 
and  performance  of  which  we  were  bi^ly 
satisfied.  Learning  since  that  he  had  made 
some  fVirtber  improvements,  I  solicited  him 
to  flivour  me  with  a  description  and  drawing 
of  its  present  form,  for  insertion  in  the  se- 
cond edition  of  this  Dictionary ;  with  which 
request  he  politely  complied. 

In  the  Medico- Chirurgical  Transactions 
fbr  1819,  (voL  x.)  there  is  a  paper  by  J.  T. 
Barry  on  a  new  method  of  preparing  Phar- 
maceutical Extracts.  It  consists  in  perform- 
ing the  evaporation  m  vacuo.  For  this  pur- 
pose he  employed  apparatus  which  was  ibund 
to  answer  so  well,  that,  contemplating  its 
application  to  other  manufactures,  he  was 
induced  to  take  out  a  patent  for  it,  that  is  to 
say,  ybr  tke  apparatus.  As  it  has  been  er- 
roneously supposed  that  the  patent  b  for  pre- 
paring extracts  in  vacuo,  it  may  not  be  im- 
proper  to  correct  the  statement  by  a  short 
quotation  from  the  above  paper.  "  On  that 
account  I  have  been  induced  to  take  out  a 
patent  for  it,  (the  apparatus).  It  is,  how- 
ever, to  be  recollected  by  thb  society,  that  I 
have  declined  baring  a  patent  for  ito  phar- 
maceutical products.  Chemists,  desirous  of 
inspissating  extnicta  in  vacuo,  are  therefore 


EVAPORATION. 


45i 


BVAPOBATION, 


at  liberty  to  do  it  in  taaj  appantut  diflWng 
from  tiiat  which  has  been  made  the  wbject 
of  my  patent ;  and  thus  these  subfltanoes 
may  continue  the  object  of  fair  competition 
as  to  quality  and  price." 

The  apparatus  combines  two  striking  im- 
pTOTements.  The  first  consista  in  produciiig 
a  Tacuum  by  the  agency  of  steant  onfy,  so 
that  the  use  of  air-pumps  and  the  machinery 
requisite  for  working  them,  is  superseded. 
Tl^  is  effected  on  the  same  principle  as  in 
the  steam-engine,  the  filling  of  a  given  space 
with  steam,  and  then  condensing  it.  By  a 
subsequent  improvement,  the  two  opemtions 
of  heating  and  cooling  are  carried  on  at 
once,  by  means  of  two  cylinders.  The  move- 
ment of  a  sliding  valve,  which  serves  to  open 
and  shut  the  respective  passages,  causes  these 
exhausting  cylinders  to  alternately  communi- 
cate with  the  apparatus,  and  quickly  produce 
the  vacuum;  when  the  steam,  being  no  longer 
required  for  the  same  purpose,  is  employed 
as  the  heating  medium. 

The  other  improvement  is  a  contrivance 
Ibr  superseding  die  injection  of  water  during 
the  process  of  evaporation  in  vacuo.  Injec- 
tion has  some  serious  disadvantages;  it  in^- 
troduces  air,  and  quickly  fills  up  the  ex- 
hausted vesseb  with  water.  Hence  it  is  ne- 
cessary to  keep  pumps  constantly  in  action } 
and  this  cannot  be  done  without  an  enonnous 
expenditure  of  power,  because  they  are  coun- 
teracted by  the  atmospheric  pressure.  The 
method  recommended  by  J.  T.  Barry,  de- 
void of  these  inconveniendes,  effects  quite  aa 
qieedily  the  condensation  of  vapour,  by  cold 
externally  applied  to  a  part  denominated  the 
refrigerator,  which  stands  immersed  in  water. 
He  directs  a  thin  sheet  of  metal  to  be  in- 
dented all  over  at  suitable  distances,  so  as  to 
produce  on  its  opposite  surface  regular  series 
of  oonvexitiea.  It  is  then  laid  on  a  sheet  of 
the  same  sise,  and  the  two  being  in  contact 
at  the  summits  of  the  convexities,  are  ap- 
proximated and  soldered  together  at  the  edges 
of  the  sheets  all  round,  reserving  an  aperture 
at  the  upper  part  for  the  admission  of  vapour, 
and  another  at  the  lowest  point  for  its  escape 
when  reduced  to  fluid.  This  description  of 
the  refrigerator  will  be  understood  on  refisr- 
ence  to  Plate  X.  fig.  8. ;  but  the  specifica- 
tion of  the  patent  describes  various  other 
methods  of  effiscting  the  same  object,  taking 
fimr  its  principle^  the  <<  letting  the  two  sides 
of  the  refrigerator  rest  against  each  other  at 
numerous  parts,  (either  immediately,  or  by 
the  medium  of  one  or  more  interposed  bc^ 
dies),  so  that  they  shall  not  coUapte  emireljf 
when  the  refrigerator  is  exhausted  of  air.'* 

Having  given  a  particular  description  of 
the  refrigerator,  and  the  mode  of  exhausting 
the  apparatus,  a  fiew  words  will  sufllee  to  ex- 
pJain  the  other  parts.  Plato  VII.  fig.  1. 
shows  one  of  die  evaporating  vessels  A,  with 
itiCiatom  B»  and  refrigerating  plates.     The 


dstem  is  kept  oool  after  the  naimav  «#  a 
distiller's  worm-tub.  The  evaporating  yea- 
sel  is  furnished  with  several  appeodHfe^ 
such  as^  the  charging  measiue  c,  and  dis- 
charging pipe  d,  which  is  moved  perpendi- 
cularly by  its  lever ;  mauphole  g,  and  ctian- 
ber/,  for  catching  any  fluid  that  may  chanc* 
to  boil  aweri  it  is  surrounded  at  the  lower 
part  with  a  steam-case  e,  for  boiling  its  con- 
tents. There  is  also  a  vacuum-gauge^  4bc. 
not  delineated  in  the  section.  Ibus  far  the 
arrangement  does  not  differ  materially  from 
that  adopted  by  the  sogar-refincn  "M»™*fi*r- 
turing  under  Howard's  patent 

A  pipe  m,  passing  from  the  chamber  /, 
into  the  dstem,  gives  origin  to  several  re- 
frigerating plates,  (seven  in  the  present  ia* 
stance),  which  have  their  lower  extreraitiea 
terminating  in  another  pipe  n.  The  trana* 
vene  section  in  fig.  1.  exhibits  these  pUtea 
upright  and  parallel  with  each  other  in  thn 
cold  water  dstern :  they  occupy  very  Kttla 
room,  and  may  therefore  be  multiplied  tn 
an  indefinite  number,  to  furnish  a  propor- 
tionate quantity  of  cooling  surface.  On  en- 
tering thes^  the  vapour  u  instantly  con- 
densed, and  dropping  into  the  lower  pipe^  ia 
conducted  to  a  cylindrical  receiver,  shown  by 
the  transverse  section  A.  It  is  of  sufilcient 
capadty  to  collect  all  the  fluid  condensed 
during  the  process. 

Fig.  S,  represents  a  series  of  evaporatofv 
(drawn  to  half  the  scale  of  fig.  1.)  aa  ar- 
ranged for  a  sugar-house.  It  will  be  ob- 
served, that  one  long  cistern  serves  for  the 
whole,  and  it  may  be  situated  outside  the 
walls  of  the  building,  A  single  pair  of 
exhausting  steam-cylinders,  (which,  being 
under  the  dstem,  are  not  seen  in  the  sketch), 
answera  for  any  number  of  evaporatoia* 
having  with  each  a  separate  connexion,  that 
is  shut  or  opened  at  pleasure  by  a  sliding 
valve. 

We  shall  conclude  the  account  of  this  in- 
vention with  Mr  Barry's  summary  remarks^ 
inserted  iu  the  Repertory  of  Arts  at  the 
time  the  editora  of  that  work  published  thet 
f4>edfication. 

«  The  appsratua  described  in  the  preced- 
ing spedfication  is  applicable  to  some  nyinu- 
factures,  where  the  substances  operated  upon 
suffer  ii^jury  in  the  process  of  boilings  but 
espedally  to  sugar;  and  it  is  particularty 
worthy  the  notice  of  those  sugar-refinera  who 
may  be  likely  to  adopt  the  use  of  Howaid'a. 
patent,  as  it  will  afford  them  some  very  im- 
portant advantages. 

**  These  advantages  prindpally  consist  ii^ 

«  Fnst,  Hie  nnaU  cotl  of  the  apparatus^ 
no  oir-pumps  or  other  machinery  being  ne- 
cessary. 

'*  Secondly,  the  saving  of  lor^  annual  ew^ 
pentett  hitherto  incurred  for  niftpfying  power 
to  work  the  heavy  machoiery  attaotied  to  the 
pumps. 
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^  Iturdljr,  Ezpenair*  reptin uvMed,  ma  gas  dioulit  be  examined,  before  it  ib  medt  ty^ 

conacqaence^  agitating  a  given  quantity  with  a  solution  of 

**  FcrartiUy,  Danger  of  derangement  and  sulphate  of  iron, 
suqwnsion  of  work  avoided,  as  another  con-         Sir  H.  Davy  employs  the  nitrous  gas  in  a 

sequence.  different  manner.     He  passes  it  into  a  satu- 

M  JPUthly,  A  large  setving  of  water,  by  the  rated  solution  of  green  muriate  or  sulphate 

ose  of  a  peculiar  refrigerator,  which  con-  of  iron,  which  becomes  opaque,  and  almost 

stitotes  one  of  the  improvements  of  this  black*  when  fully  impregnated  with  the  gas.  • 

patent.  The  air  to  be  tried  is  contained  in  a  small 

**  Sixthly,  The  faeilky  with  which  the  0»-  graduated  tube^  largest  at  the  open  end,  which 

euum  it  <^Uained ;  the  operation  being  com*  is  introduced  into  the  solution,   and  then 

pleted  in  less  than  five  minutes,  and  requir.  gently  inclined  toward  the  horiaon,  to  acce- 

ing  no  repetition :  And  the  perfteiion  vf  the  lerote  the  action,  which  will  be  complete  in 

vacuum;   the  patentee  in  his  experiments  a  few  minutes,   so  as  to  have  absorbed  all 

having  boiled  sjrrup  at  even  lower  tempera,  the  oxygen.     He  observes,  that  the  measure  > 

tares  than  are  provided  for  in  the  scale  adopU  must  be  taken  as  soon  as  this  is  done,  other- 

ed  by  Howard."  wise  the  bulk  of  the  air  will  be  increased 

In  the  sixth  volume  of  the  Annals  of  Phi-  by  a  slow  decomposition  of  the  nitric  acid 

losophy,  Dr  Piroot  has  described  an  ingeni-  formed. 

oos  apparatus,  by  means  of  which  he  can  sub-         Volta  had  recourse  to  the  accension  of  hy- 

ject  substances,  which  he  wishes  thoroughly  drogen  gas.    For  tlus  purpose^  two  measures 

to  dry,  to  the  influence  of  a  gentle  heat,  con-  of  hydrogen  are  introduced  into  a  graduated 

joined  with  the  desiccating  power  of  sttlj^uric  tube,  with  three  of  the  air  to  be  examined, 

add  on  bodies  placed  in  vacuo*     See  Cqn-  and  fired  by  the  electric  spark.    The  diminu- 

OBLATION.  tion  of  bulk  observed  after  the  vessel  had 

From  M.  Biot's  report  it  seems  to  have  returned  to  its  original  temperature*  divided 

been  ascertained  in  some  French  manufocto*  by  thrae^  gives  the  quantity  of  oxygen  con- 

lies,  that  evaporation  goes  on  more  rapidly  smned. 

tnm  a  liquid  boiling  in  a  covered  vessel,  from         Phosphorus  and  sulpburet  of  potash  have 

the  top  of  which  a  pipe  issues,  than  when  the  likewise  been  employed  in  eudiometry. 
liquid  is  freel j  exposed  to  the  air ;  the  fuel         A  piece  of  phosphorus  may  be  introduced, 

or  heat  applied,  and  extent  of  surfoce^  being  by  means  of  a  glass  rod,  into  a  tube  contain- 

tiie  aanne  in  both  cases.  iog  the  air  to  be  examined  standing  over 

EUCHLORINE.   Protoxide  of  chlorine,  water,  and  suffered  to  remain  till  it  has  ab- 

EUCLASE.     Prismatic  Emerald.  sorbed  its  oxygen ;  which,  however,  is  a  slow 

E(JDI  ALITE.     A  mineral  belonging  to  process.     Or  a  glass  tube  maj  be  filled  with 

the  tessular  system  of  Mohs.    Cleavage^  octo-  mercury  and  inverted,  and  a  piece  of  pba»- 

bedraL     Brownish-red  colour.     Sp.  gr.  8.8  phorus,  dried  with  blotting  piqier,  introduced, 

to  &0.'  '^romsytr,  which  will  of  course  rise  to  the  top.     It  is 

EUDIOMETER.     An  instrument  for  there  to  be  melted,  by  bringing  a  red-hot  iron 

aaeertaining  the  purity  of  air,  or  rather  the  near  the  glassy  and  the  air  to  be  admitted  by 

quantity  of  oxygen  contained  in  any  given  little  at  a  time.     At  each  addition  the  pho». 

bulk  of  elastic  fluid.   Dr  Priestlcy*s  discovery  phorus  inflames;  and,  when  the  whole  hae 

of  the  great  readiness  with  which  nitrous  gas  been  admitted,  the  red-hot  iron  may  be  ap- 

combinea  with  oxygen,  and  is  precipitated  in  plied  again,  to  ensure  the  absorption  of  all 

the  form  of  nitric  add,— -see  Acid  (Nxtbk),  the  oxygen.    In  either  of  these  modes  l-40th 


ras  the  basis  upon  which  he  constructed  of  the  residuum  is  to  be  deducted,  for  the 

the  first  instrument  of  this  kind.  expansion  of  the  nitrogen,  by  means  of  a 

His  method  was  very  simple :  a  glass  vessel,  little  phosphorus  which  it  affoitls. 

containing  an  ounce  by  measure^  was  filled  Professor  Hope  of  Edinburgh  employs  a 

wid)  the  air  to  be  examined,  which  was  trans-  very  convenient  eudiometer,  when  sulpburet 

ferred  from  it  to  a  jar  of  an  inch  and  a  half  of  potash  or  Sir  H.  Davy's  liquid  is  used, 

diameter  inverted  in  water ;  an  equal  mea-  It  consists  of  two  glass  vessels,  one  to  hold 

sore  of  fresh  nitrous  gas  was  added  to  it ;  and  the  solution  of  sulpburet  of  potash,  or  other 

the  mixture  was  allowed  to  stand  two  minutes,  eudiometric  liquor,  about  two  inches  in  dia- 

If  thesbsorption  were  very  considerable,  more  meter  and  three  inches  high,  with  a  neck  at 

nitrous  gaa  was  added,  till  all  the  oxygen  ap-  the  top  as  usual,  and  a  tubulure,  to  be  closed 

peered  to  be  absorbed.    The  residual  gas  was  with  a  stopple  in  the  side  near  the  bottom : 

then  transferred  into  a  glass  tube  two  feet  the  other  ia  a  tube,  about  eight  inches  and  a 

long  and  one-third  of  an  inch  wide,  gra-  half  long,  with  a  neck  ground  to  fit  into  that 

duated  to  tenths  and  hundredths  of  an  ounce  of  the  ibrmer.    Tliis  being  filled  with  the  air 

measure ;  and  thus  the  quantity  of  oxygen  to  be  examined,  and  its  mouth  covered  with 

abaorbed  was  measured  by  the  diminution  a  flat  piece  of  glass,  is  to  be  introduced  un-r 

that  had  taken  place.  der  water,  and  there  inserted  into  tlie  mouth 

Von  Humbokte  proposes  that  the  nitfoua  of  the  bottle^    Taking  them  out  of  the  water, 
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and  indiniiig  tfacm  on  one  tide,  tbcy  are  to 
be  wdl  sbeken,  oocesionaUy  looiening  the 
■topper  in  a  tMsin  filled  with  water,  so  aa  to 
admit  this  fluid  to  occupy  the  vacuum  occa- 
■ioned  by  the  absorption.  JBottlcs  of  mudi 
smaller  size  than  here  mentioned,  whidi  is 
calculated  for  public  eihibition,  may  gene- 
rally be  employed ;  and,  perhaps,  a  graduated 
tube,  ground  to  fit  into  the  neck  of  a  small 
phial,  without  projecting  within  it,  may  be 
preferaUe  on  many  occasions,  loosening  it  a 
little  under  water,  from  time  to  time^  as  the 
absorption  goes  on. 

Mr  Dalton  has  written  largely  on  the  ni- 
trous  gas  eudiometer.  He  says,  tiiat  81 
measures  of  oxygen  can  unite  with  36  mea- 
sure%  or  twice  36  a=s  72  measures  of  nitrous 
gas;  that  is,  100  with  171.4  or  34&a  Phil. 
Mag.  ToL  xxiii.  and  Mandi.  Mem.  new  se- 
ries, 1. 

M.  Gay  Luasac,  in  his  excellent  memoir 
on  nitrous  vi^KMir  and  nitrous  gas,  has  prov- 
ed, that  no  confidence  can  be  reposed  in  the 
directions  of  Mr  Dalton  for  analysing  gases. 
Nitrous  gas  is  there  fully  demonstrated  to  be 
a  compound  of  equal  volumes  oi  oxygen  and 
aaote,  and  the  apparent  contraction  of  their 
volume  is  null ;  for  100  of  the  one  and  100 
of  the  other  produce  exactly  200  of  nitrous 
gas.  NUrie  acid  is  composed  of  100  parts 
of  azote  and  200  of  oxygen,  or  of  100  oxy- 
gen and  200  nitrous  gas ;  as  (100  a  .4-  100 
as.).  Nitrous  vapour,  or,  more  accurately 
spcnking,  nkrou$  acid  gas,  results  fnm  the 
combination  of  100  of  oxygen  with  300  of 
nitrous  gas.  Hence,  by  giving  predomi- 
nance alternately  to  the  oxygen  and  to  the 
nitrous  gas,  we  obtain  300  of  absorption  and 
niiric  acid,  or  400  of  abtCMption  and  nUnmt 
acid.  The  nitrous  add  gas  is  an  identical 
compound,  very  soluble  in  water,  which  it 
colours,  at  first  blue^  then  green,  and  lastly 
orange-ydlow.  This  liquid,  with  the  alkalis, 
forms  nitrites.  These  clear  and  simple  fads 
constitute  the  whole  theory  of  the  formation 
of  the  nitrous  and  nitrio  adds,  by  means  of 
nitrous  gas  and  oxygen,  and  perfectly  explain 
the  diflferenoes  of  the  results  of  all  those  who 
have  operated  with  them.  We  have  now 
only  to  show,  how  we  may  render  the  use  t)i 
nitrous  gas  perfectly  accurate  in  eudiometry. 

It  is  stated  above,  that  we  obtain  nitric 
add  and  an  absorption  represented  by  three^ 
or  nitrous  acid  and  a  diminution  of  volume 
represented  by  four,  every  time,  according  as 
the  oxygen  or  nitfvus  gas  predominatea  in 
the  mixture  of  these  two  gaaes.  Now,  since 
the  object  is  to  withdraw  the  whole  oxygen 
firom  air,  we  must  add  the  nitrous  gas  in' 
excess  to  it,  and  cause  thus  a  diminution  of. 
volume  four  times  greater  than  the  volume 
of  the  contained  oxygen.  Notwithstanding 
this  precaution,  if  we  make  the  mixturo  in  a 
very  narrow  tube,  the  nitrous  vapour  would 
be  absorbed  with  difficulty  by  the  water,  on 


aoeount  of  the  narrow  contact,  and  agitation 
would  beeome  necessary.  But  in  thb  caee^ 
nitrous  gas,  to  the  amount  of  10  or  12  per 
cent,  would  be  absorbed.  It  is  from  tiua 
cause,  that  on  mixing  100  parts  of  air  with 
100  of  nitrons  gas,  very  variable  abaorpCioQa 
were  obtained,  of  which  the  mean  was  93 ; 
whilst,  air  contnning  at  utmost  21  per  cent 
€i  oxygetk,  the  absorption  should  be  only  four 
times  this  quantity,  or  84i  Nor  is  it  a  mat- 
ter of  indifference,  to  pot  the  nitrous  gaa  in 
the  tube  before,  or  afler,  the  other  gas ;  for  if 
we  introduce  it  first,  there  might  be  foimcd 
both  nitrous  and  nitric  adds.  Knowing  these 
two  causes  of  error,  it  is  easy  to  avoid  them, 
by  obeying  the  foll<iwing  injunctions  of  M. 
Gay  Lussac 

Instead  of  selecting  a  very  narrow  tube,  aa 
Mr  Dalton  prescribed,  we  must  take  s  very 
wide  tube,  a  tumbler  for  example^  and  sAcr 
baring  introduced  into  it  100  of  the  air  to 
be  examined,  we  must  pass  into  it  100  parts 
of  the  nitrous  gas.  There  is  instsntly  exhi- 
bited a  red  vapour,  whidi  disappears  very 
speedily  without  agitation,  and  after  half  a 
minute,  or  a  minute  at  most,  the  abaorptiott 
may  be  regarded  as  complete.  We  trsnsfer 
the  residuum  into  a  graduated  tube,  and  we 
shall  find  the  absorption  to  be  almost  uni* 
fbrmly  84  parts,  provided  atmospheric  air 
was  used,  one  fimrth  of  which,  ss  21,  indi- 
cates the  quantity  per  cent  of  oxygen. 

M.  Gay  Lussac  shows,  by  numerous  ex- 
periments, the  accurscy  of  the  above  procesa 
in  varied  drcumstanoes.  We  have  thus  the 
advantage  of  estimating  the  proportion  of 
oxygen  in  any  gas,  by  an  absorption  four 
times  greater  than  its  own  volume;  so  that 
the  errors  of  experiment  are  reduced  to  on^ 
fourth  on  the  quantity  of  oxygen.  Now,  as 
we  can  never  commit  a  mistake  of  four  de- 
grees, the  error  must  be  less  than  one  per 
cent.  We  must  never  agitate,  or  use  an  un- 
der proportion  of  nitrous  ga%  nor  yet  carry 
its  excess  too  fiur,  on  account  of  its  solubility 
in  water. 

An  apparatus  for  analysing  gases  contain- 
ing oxygen  or  chlorine,  by  explosion  with 
hydrogen,  was  communicated  by  me  to  the 
Royal  Society  of  Edinburgh,  aoid  published 
in  the  volume  of  their  IVansactions  for  1817 
andldia 

Detcription  of  an  Jtpparaiutjor  ike  AnaijftU 
<if  Ga$eous  Matter  6y  £xplosiofu. 

The  andysis  of  oombustible  gases,  and 
supporters  of  combustion,  redprocally,  by 
explosion  with  the  electric  spark,  furmshea^ 
when  it  can  be  applied,  one  of  the  speedieat 
and  most  degant  methods  of  chemical  re- 
searoh.  The  risk  of  fiulura  to  which  the 
chemist  is  exposed  in  operating  with  the 
simple  tube,  fVom  the  ejection  of  the  mer* 
cury,  and  escape  or  introduction  of  the  air  ; 
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or  of  injmyt  from  tbo  buniiiig  of  the  glass 
by  the  forcible  ezpantioii  of  some  gMcous 
miztures,  has  giTen  rise  to  several  modifica- 
tions  of  apparatus. 

Volta*s  mechanism,  which  is  emptoyed  very 
much  at  Paris,  is  complex  and  expensive,* 
while  it  is  hanily  applicable  to  experiments 
over  meri»ry.  Mr  Pepys*  ingenious  con- 
trivance, in  which  the  glass  tube  is  connected 
with  a  metallic  spring,  to  diminish  the  shock 
of  explosion,  is  liable  also  to  some  of  the 
above  objections. 

A  very  simple  form  of  instrument  occurred 
to  me  about  two  years  ago,  in  which  the  at- 
mospheric air,  the  most  elastic  and  economic 
oal  of  all  springs,  u  employed  to  receive  and 
deaden  the  recoil.  Haring  frequently  used 
it  since  that  time,  I  can  now  recommend  it 
to  the  chemical  world,  as  possessing  every 
requisite  advantage  of  convenience^  cheap- 
ness, safety,  and  precision. 

It  consists  of  a  glass  syphoo,  having  an 
interior  diameter  of  from  S-lOlhs  to  4-lOths 
of  an  inch.  Its  legs  are  of  nearly  equal 
length,  each  being  fitmi  six  to  nipe  inches 
long.  The  open  extremity  is  slightly  funneU 
shaped ;  the  other  is  hermetically  sealed ;  and 
has  inserted  near  to  it,  by  the  blowpipe,  two 
platina  wires.  The  outer  end  of  the  one 
vrire  is  incurvated  across,  so  as  nearly  to 
touch  the  edge  of  the  aperture ;  that  of  the 
other  is  formed  into  a  little  hook,  to  allow  « 
small  spherical  button  to  be  attached  to  it, 
when  the  electrical  spark  is  to  be  tnosmitted. 
The  two  legs  of  the  gUus  syphon  are  from 
one-fourth  to  one-half  inch  asunder. 

The  sealed  leg  is  graduated,  by  introduc- 
ing successively  equal  weights  of  mercury 
lirom  a  measure  glass  tube.  Seven  ounces 
troy  and  66  grains  occupy  the  space  of  a 

cubic  inch;  and  34^  grains  represent  tttj- 
part  of  that  volume.  Hie  other  leg  may  be 
graduated  also^  though  this  is  not  necessary. 
The  instrument  is  then  finished. 

To  use  it,  we  first  fill  the  whole  syphon 
with  mercury  or  water,  which  a  little  practice 
will  render  easy.  We  then  introduce  into 
the  open  leg,  plunged  into  a  pneumatic 
trough,  any  convenient  quantity  of  the  gases, 
from  a  glass  measure  tube  containing  them 
previously  mixed  in  determinate  proportions. 
Applying  a  finger  to  the  orifice,  we  next  re- 
move it  from  the  trough  in  which  it  stands, 
like  a  simple  tube ;  and  by  a  little  dexterity, 
we  transfer  the  gas  into  tlie  sealed  1^  of  the 
syphon.  When  we  conceive  enough  to  have 
been  passed  up,  we  remove  the  finger,  and 
next  bring  the  mercury  to  a  level  in  both 
legs,  either  by  the  addition  of  a  few  drops,  or 
by  the  displacement  of  a  portion,  by  thrust- 
ing down  into  it  a  small  cylinder  of  wood. 
We  now  ascertun,  by  careful  inspection,  the 
volume  of  included  gas.    Applying  the  fore- 

*  The  price  pr  the  appsrslus  is  three  gutnost. 


finger  again  to  the  orifice,  so  as  also  to  touch 
the  end  of  the  platina  vrire,  we  then  approach 
the.  pendent  ball  or  button  to  the  electrical 
machine,  and  transmit  the  spark.  Even  when 
the  included  gas  is  considerable  in  quantity, 
and  of  a  strongly  explosive  power,  we  feel  at 
the  instant  nothing  but  a  slight  push  or  prea- 
sure  on  the  tip  of  the  finger.  After  explo- 
sion, when  condensation  of  volume  ensues, 
the  finger  vrill  feel  pressed  down  to  the  ori- 
fice by  the  superincumbent  atmosphere.  On 
gradually  sliding  the  finger  to  one  side,  and 
admitting  the  air,  the  mercurial  column  in 
the  sealed  leg  will  rise  more  or  less  above 
that  in  tlie  other.  We  then  pour  in  this  li- 
quid metal,  till  the  equilibrium  be  again  r». 
stored,  when  we  read  off  as  before,  without 
any  reduction,  the  true  resulting  volume  of 


As  we  ought  always  to  leave  two  inches 
or  more  of  air,  between  the  finger  and  the 
mercury,  this  atmospheric  column  serves  as 
a  perfect  recoil  spring,  enabling  us  to  explode 
very  large  quantities  without  any  inconveni- 
ence or  danger.  The  manipulation  is  also^ 
after  a  little  practice,  as  easy  as  that  of  the 
single  tube.  But  a  peculiar  advantage  of 
this  detachable  instrument  is,  to  enable  us  to 
keep  our  pneumatic  troughs,  and  electrical 
machine,  at  any  distance  whidi  convenience 
may  require;  even  in  different  chambers, 
which,  in  tlie  case  of  wet  weather,  or  a  damp 
apartment,  may  be  found  necessary  to  ensure 
electrical  excitation.  In  the  immediate  vici- 
nity of  the  water  pneumatic  cistern,  we  know 
how  often  the  electric  spark  refuses  to  issue 
from  a  good  electrophorus,  or  even  little  ma- 
chine. Besides,  no  discharging  rod  or  com^ 
municating  wire  is  here  required.  Holding 
the  eudiometer  in  the  left  band,  we  turn  the 
handle  of  the  machine  or  lift  the  electropho- 
rus plate  vrith  the  right,  and  approaching  the 
little  ball,  the  explosion  ensues.  Hie  elec- 
trician is  well  aware,  that  a  spark  so  smalt  as 
to  excite  no  unpleasant  feeling  in  the  finger. 
Is  capable,  when  drawn  off  by  a  smooth  ball, 
of  inflaming  combustible  gas.  Even  this 
trifling  drcurostance  may  be  obriated,  by 
hanging  on  a  slender  wire^  instead  of  apply- 
ing the  finger. 

We  may  analyse  the  residual  gaseous  mat- 
ter, by  introducing  either  a  liquid  or  a  solid 
reagent.  We  first  fill  the  open  leg  nearly  to 
the  brim  with  quicksilver,  and  then  place  over 
it  the  substance  whose  action  on  the  gas  we 
vrish  to  try.  If  liquid,  it  may  he  passed  round 
into  the  sealed  1^  among  the  gas;  but  if 
solid,  fused  potash  for  example,  the  gas  nlbst 
be  brought  round  into  the  open  leg,  its  ori- 
fice having  been  previously  closed  with  a  cork 
or  stopper.  After  a  proper  interval,  the  gaa 
being  transferred  back  into  the  gradualed 
tube,  the  change  of  its  volume  may  be  ac- 
curately determined.  With  this  euiKomeler, 
and  a  small  mercurial  pneumatic  cistem,  vra 
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ptHbnn  pneiniiatic  ■&■! jav  on  ft  mery 


It  may  be  dannble  ia  aomc  csm  to  1mi« 
TCfldy  acceas  to  the  gradoaled  leg*  in  oidcr  to 
dry  it  speedily.  Hiis  advantage  is  obtained 
by  closing  the  end  of  the  syphon,  noibenne- 
tically,  but  with  a  little  brass  cap  screwed  on, 
travened  rertically  by  a  platma  wiie  insulated 
inabitoftbennometertube.  AHot  the  ap- 
pvatus  has  been  charged  with  gaa  for  ezpto- 
sion,  we  connect  the  spherical  button  with  the 

top  of  the  wire. 

With  the  above  instrument  I  hare  ezplod.* 
ed  half  a  cubic  inch  of  hydrogen  mized  with 
aquartcr  of  a  cubic  inch  of  oxygen;  as  abcH 
a  bulk  nearly  equal  of  an  olefiant  gas  explo- 
sive mixture,  without  any  unpleasant  caacua- 
sion  or  noise ;  so  completdy  does  the  ab- 
chamber  abate  the  expansive  violence,  m  wcU 
■s  the  loudness  of  the  report.  Projection  of 
the  mercury,  or  ^sphMsement  of  the  ga%  ia 
obviously  impoanble. — Edm.  PktL   Trams, 

Jan*  1818. 

Dobereiner  has  suggested  the  use  of  a  peU 

1st  of  spongy  phrtinum,  for  the  purpose  of 
detecting  minute  portions  of  oxygen  in  a 
gaseous  mixture  in  which  hydrogen  also  is 
present.     Its  effect  is  immediate.     The  mo- 
ment  the  substance  rises  above  the  surfi^e 
of  the  mercury  in  the  tube  containing  the 
mixture,  the  combination  of  the  oxygen  and 
hydrogen  begins,  and  in  s  few  minutes  is 
completed.     It  seems  capable  of  indicating 
the  smallest  quantity  of  oxygen.   The  spongy 
platinum,  for  this  purpose,  is  usually  made 
up  into  a  pellet  of  the  die  of  a  pea,  widi  a 
little  precipitated  alumina,  and  then  ignited 
St  the  blowpipe,  immediately  before  using  it. 
No  error  need  be  apprehended  from  the  for- 
mation of  ammonia  in  the  analysis  of  atmos*. 
phcric  air  in  this  way.  Dobereiner  says,  that 
the  spongy  platinum  is  so  energetic  an  agent, 
that  it  enables  hydrogen  to  take  I  of  oxygen 
from  99  of  azote,  a  result  not  to  be  hoped 
for  by  explosion  with  electricity.     A  plati- 
num pellet,  made  up  with  potter's  day,  and 
weighing  from  2  to  6  grains,  may  be  em- 
ployed above  a  thousand  times,  if  dried  care* 
fully  afYer  each  operation.     The  compound 
gases  containing  hydrogen  do  not  combine 
with  oxygen,  through  the  agency  of  the  pla- 
tinum.     Dr  Henry  has  ingenimisly  applied 
Dobereiner's  invention  to  the  analyna  of 
mixtures  of  inflammable  gases,  such  as  are 
evolved  from  coaL— PAtf.  Trans.  1824^  Pdrt 
2.     See  Hydrogen. 

EUDYALITE.  This  mineral  occurs 
bo0i  masaive  and  crystallized.  Colour  red, 
or  brownish>red.  It  consists  of  silica  53^925, 
airconU  11.102,  lime  9.735,  soda  ia822, 
oxide  of  iron  7.754^  oxide  of  manganese 
2.062,  muriatic  acid  1.034^  water  1.801.  It 
readily  dissolves  in  acids.  It  accompanies 
the  sodaUte  of  Chreenlaad.— PlMtfips*  Mine^ 
ralogy. 


EUKAIRITE.  A 
ia  the  copper  mine  of  Skrickemm,  in  the 
pariah  of  T^yserum,  in  SmohmcL  Bcraafios 
found  H  to  consist  of  38.93  silver,  26  sele. 
niom,  S3  copper,  and  8l9  alnmiaa.  Tliere 
was  a  loss  of  three  per  cent.  He  legards  it 
aa  a  compound  of  2  atoms  of  sdeniuret  d 
copper,  and  1  atom  of  bi-sdeniurrt  of  i 
Its  coloar  is  lead-blue;  lustre  metalUc ; 
ture  granular,  with  a 
Soft;  sectile;  somewhat  malleable.  It  melta 
before  the  blowpipe,  exhaling  a  strong  smdl 
of  horw-radidi,  and  leaving  a  metaltir  bnt- 


EUPHORBIUM.  A  gum-resin  exud- 
ing ftom  a  large  oriental  shrub,  Euphorbia 
offidn.  linn. 

It  is  brought  to  us  imme^ately  ftom  Bar- 
bery, in  drops  of  an  irregular  form ;  some  or 
which  upon  being  broken  are  found  to  con- 
tain little  thorns,  sdmU  twigs^  flowers,  and 
other  vegetable  matters ;  others  are  hollow, 
vritfaout  any  thing  in  their  cavity :  the  tears 
of  a  pale  ydlow  colour  ex- 


m 

temally,  somewhat  white  withinside:  they 
easily  break  betwixt  the  Angers.  Sp.  gr. 
1.124b  Sli^y  mpfXted  to  the  tongue^ 
they  affect  it  with  a  very  sharp  biting  taste ; 
and,  upon  being  held  for  some  time  in  the 
mouth,  prove  vdiemently  acrimonious,  in- 
flaming and  exulcenting  the  fouoes,  &e. 
Euphorbium  is  extremely  troublesome  to 
pulverize,  the  finer  part  of  the  powder,  whidi 
flies  off,  afl^cdng  lie  head  in  a  vicdent  man- 
ner. The  acrimony  is  so  great  as  to  render 
it  absolutely  unfit  for  any  internal  uack  It 
b  much  employed  in  the  veterinary  art  aa  aa 
epispaetic! — 

liie  foUovring  constituents  were  found  in 
euphoflNum  by  Braoonnot  :— 

Resin,  -  -  37.0 

Wax,       ...        lao 

MakteofUme,  -  -         •  2a5    . 
Malate  of  potash,          -  -         2.0 

Water,         -  -  -  &0 

Woody  matter,  -  •         13.6    - 

ao 


loao 

The  resm  is  excessively  acrid,  poisonou 
reddish-coloured,  and  tnmqparenL  It 
solves  in  sulphuric  and  nitric  acid,  but  not  in 
alkalis,  in  which  respect  it  diflers  from  other 
resins.  Euphoibtum  itself  is  pretty  aolnbia 
in  aloohoL 

EUPHOTIDE.  A  rock  species  of  M. 
de  Buch,  essentially  composed  of  folspar  and 
diaUage.  The  Italian  artists  call  it  gabbnm 
M.  I&iiy  gave  it  the  name  enphotide.  The 
felspar  is  found  in  it  frequently  under  the 
form  otj/^d/Sf  a  subetanee  which  M.  de  Bqch 
thinks  ought  to  be  separated  from  owninon 
felspar.  'Hie  second  mineral  presents  itself 
in  all  Its  varieties.  Independently  of  these 
composing  principlas,  there  is.acddenlally 
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Ibmd  in  2t»  tile,  amplubole^  or  actiiiote, 
glTDelSi  gnins  of  pjritoi,  ftc  Tbn  rock  is 
abundant  in  the  Alps.  It  is  tuaod  in  gmt 
quantity  any>iig  the  rounded  pebbles  in  the 
neighbogriiacMi  of  Geneva.  M.  de  Buch 
met  with  it  on  the  elevated  portions  of 
Monte  Rosa,  fotming  considerable  masses, 
supraposited  on  the  micaceous  sdiist,  and 
mixed  in  several  places  with  serpentine. 
The  tops  of  the  mountains  of  tfie  territory 
of  Genoa,  which  overlook  the  Gulf  of 
Spexiia,  are  composed  principally  of  it.  It 
forma  also  in  Corsica  districts  of  a  pretty 
considerable  extent,  whence  is  derived  the 
tferde  di  Coracth  a  fino  variety  of  this  rock. 
The  nero  di  praUh  the  verde  di  pratOy  the 
gramUo  di  gobbro  of  the  Florentines,  are 
merely  diallagcs,  habitually  metalloid,  and 
mixed  sometimes  with  serpentinei  sometimes 
with  felspar  or  jade,  which  are  brought  ftom 
the  mountains  of  Tuscany.*— />*i#iiA«tff<m. 

EXCREMENTa  The  constituents  of 
human  feces,  according  to  the  recent  analyab 
of  Bcneliu%  am  the  flowing  :•«- 

Water,  ...  7ad 
Vegetable  and  animal  rsmains,  7.0 
Bilcb        .  .        .         .  a9 

Albumen,        •        •         .  0.9 

Peculiar  extractive  matter,  •  2.7 
fialts,  ...  1.8 

Slimy  matter,  consisting  of  picro- 
mel,  peculiar  animal  matter,  and 
insoluble  residue^  •*  14.0 

100.0 

The  salts  were  to  one  another  in  the  fol- 
lowing proportions  :•— 

Cartwnate  of  soda,  -              0.9 

Muriate  of  soda,             -  -         0. 1 

Sulphate  of  soda,  -              0.05 

Ammon.  jAos.  magn.     >  -         0.05 

Phosphate  of  lime,      -  -           0.1 


Thaer  and  Einhof  obtained,  by  ignition, 
ftwn  3840  grains  of  the  excrements  of  cattle 
fed  at  the  stall  chiefly  on  turnips,  the  foUow-i 
ing  earths  and  salts  :^» 

Lime, 

Phosphate  of  lime^ 

Magnesia, 

Iron,         .         -        -  - 

Alumina  with  some  manganese 

Silica,         ... 

Muriate  and  sulphate  of  potash, 

ga7 

To  MM.  Fourcroy  and  Vauquelin  we  owa 
what  precise  knowledge  we  possess  regarding 
the  excrements  of  birds,  in  which  they  found 
a  large  quantity  of  uric  add.  This  forma 
the  white,  and  neariy  crystalline  portion.  It 
does  not  proceed  from  the  f»cal  matter  pro- 
perly so  called,  but  ftom  the  urine,  which  in 


this  claaa  of  animala  is  mixed  ^th  the  ex* 
crement,  by  the  nature  of  tfaoir  organisaliom 
Hiis  add  is  easily  extracted,  by  breaking  the 
excrement  with  alkaline  water,  filtering  the 
liquor,  and  pouring  into  it  muriatic  add. 
For  the  value  of  this  faecal  matter  in  agri- 
culture,  see  Mandkb. 

Hie  excrements  of  the  lerpent  Boa  Con^ 
tlrictor,  consist,  according  to  Dr  Prout,  of 
urate  of  ammonia,  to  the  amount  of  fiilly 
nine-tenths  of  thdr  wdght. 

EXPANSION.     See  Caloric. 

EXTR  A  CT.  When  decoction  is  carried 
to  ench  a  point  as  to  afibrd  a  substance  dther 
solid  or  of  the  condstenoe  of  paste,  this  resi- 
dual product  is  called  an  extract.  When 
chemists  speak  of  extract,  they  most  con^ 
mooly  mean  the  product  of  aqueous  decoo- 
tion ;  but  the  earlier  chemists  frequently 
speak  of  spirituous  extract. 

Extracts  thus  prepared  are  mixtures  of 
several  of  the  materiala  of  vegetables,  whence 
they  differ  greatly,  according  to  the  plants 
from  which  they  are  obtdned ;  but  modem 
chemists  distinguish  by  the  name  of  extract, 
or  extraetive  maUer^  a  peculiar  substance, 
supposed  to  be  one  of  the  immediate  mate- 
rids  of  vegetables,  and  the  same  in  dl,  when 
separated  irom  any  fordgn  admixture,  ex- 
cept as  the  proportion  of  its  constituent  prin- 
dples  may  vary.     See  Evaporation. 

EXTRACTIVE.  Tlie  name  given  to  a 
soppoaed  product  of  vegetation,  present  in 
the  juices  of  plants.  Its  identity  is  very 
doubtfuL  It  is  said  to  have  a  bitter  taste, 
a  deep  brown  colour,  brittle,  with  a  shining 
ftacturo  when  it  is  dried ;  to  yield  on  distil- 
lation an  add  and  ammoniacd  liquor ;  to  be 
soluble  in  water  and  dcohol;  to  combine 
with  the  greater  part  of  metallic  oxides; 
and,  laatly,  to  combine  with  oxygen  and  be- 
come inaoluble  in  water;  a  result  which 
bappena  when  it  is  treated  with  oxygenated 
adds,  or  dissolved  in  water  and  evaporated 
a  great  number  of  timea.  I  jdn  M.Tbenard 
in  doubting  its  existence  as  a  distinct  pro- 
duct. 

EYE.  The  humours  of  the  eye  had  never 
been  examined  with  any  degree  of  accuracy 
till  lately  by  M.  Chenevix.  Most  of  his  ex- 
periments were  made  with  the  eyes  of  sheep, 
as  fresh  as  they  could  be  proouied. 

The  aqueous  humour  is  a  clear,  trans- 
parent liquid,  with  little  smell  or  taste,  and 
of  the  temperature  of  60^ ;  its  specific  gra- 
vity is  1.009.  It  comists  of  water,  dbu- 
men,  gdaiin,  and  muriate  of  soda. 

The  crystdline  contains  a  much  larger 
proportion  of  water,  and  no  muriate.  Its 
specific  gravity  is  1. 1. 

The  vitreous  humour,  when  pressed  through' 
a  rag  to  firee  it  from  its  capsules,  differed 
in  nothing  from  the  aqueous,  dther  in  its* 
specific  gravity  or  chemiod  nature. 

Fourcroy  mentions  a  phosphate  99  cM^' 
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taiiMd  in  ihme  hnmoiiri ;  but  M.  Chcuerix 
ooaU  dnoorer  none 

The  faumoun  of  the  fatmum  eye  gave  llie 
same  products,  Init  the  spedfie  gnnltf  of  tiie 
oysuUine  was  only  1.079,  and  that  of  the 
aqueous  and  vitieoos  humours  1.0053. 

The  eyes  of  oxen  diflered  only  m  the 


die  gnmty  of  the  part%  thai  of  tiie  cfyrtil. 
fine  being  1.0765,  and  that  of  the  other  fao- 
moniB  L0066L 

The  spedic  gravity  of  the  crystalline  is 
not  equal  Ihnmgbout,  its  density  increaang 
from  the  ni&ce  to  thf  eentres.— -i^U/:  Trtau, 
180a 


F 


F^CAL  MATTEB.   See  Excbeiokt. 

FAHLUNITE.  Automalite;  a  sub- 
qiecies  of  octohednl  corundum* 

FA RIN A.     Vegetable  flour. 

The  flour  of  tbe  F^dan  bakers  consists, 
according  to  M.  Vauqudin,  of  gluten  10.2^ 
starch  72L8,  sweet  matter  4b2,  gummi-gluti- 
nous  matter  2.8,  and  moisture  lOi,  in  100 
parts.— -i/tfttm.  tU  Pharm,  Jlugutt  1822. 

FAT.  Concerning  the  nature  of  this  im- 
portant product  of  aninuiiization,  nothing 
deflnite  was  known  till  M.  Cberreul  deroted 
himself  with  meritorious  seal  and  perseve- 
rance to  its  investigation.  He  has  ah'eady 
published,  in  the  Annales  de  Chimin  seven 
successive  memoirs  on  the  subject,  each  of 
them  surpassing  its  predecessor  in  interest. 
We  shall  in  this  article  give  a  brief  abstract 
of  the  whole. 

By  dissolving  fat  in  a  lai^  quantity  oi 
alcofaoU  and  observing  the  manner  in  whidi 
its  different  portions  were  acted  upon  by  this 
substance,  and  agdn  separated  from  it,  it  is 
concluded  that  fiit  is  composed  of  an  oi^ 
tubttancet  which  remains  fluid  at  the  ordi- 
nary temperature  of  tbe  atmosphere ;  and  of 
another  yaMy  substance  which  is  much  less 
fuuble.  Hence  it  follows,  that  fat  is  not  to 
be  regarded  as  a  dmple  prindple»  but  as  a 
combination  of  the  above  two  principles, 
which  may  be  separated  without  alteration. 
One  of  these  substances  melts  at  about  45^, 
the  oth^  at  100°.  Tbe  same  quantity  of  al« 
oobol  which  dissolves  3.2  parts  of  the  oify 
substance,  dissolves  1.8  only  of  tbejiuty  sub-' 
stance :  the  flrst  is  separated  from  the  alco- 
hol in  the  form  of  an  oil ;  the  second  in  that 
of  small  dlky  needles.     See  Eladt. 

Each  of  tbe  constituents  of  natural  fat  was 
then  saponified  by  the  addition  of  potash ; 
and  an  accurate  description  given  of  the  com- 
pounds which  wera  formed,  and  of  the  pro* 
portions  of  tbdr  constituents.  The  oify  sub- 
stance became  saponified  more  readily  than 
the /atty  substance;  the  reddual  fluids  in 
both  cases  contained  the  sweet  oily  prindple ; 
but  the  quantity  that  proceeded  from  the 
soap  formed  of  the  oily  substance,  was  four 
or  five  times  as  much  as  that  from  the  fatty 
subUance,  The  latter  soap  was  found  to 
contain  a  much  greater  proportion  of  the 
peariy  matter  than  the  former,  in  the  propor- 
tion of  7.5  to  2.9 :  tlie  proportion  of  the 


fiuidjat  was  the  reverse^  a  greater  quantity 
of  this  being  found  in  the  soap  formed  from 
the  oily  substance  of  the  &L 

When  the  prindples  which  couslitute  fat 
unite  with  potash,  it  is  probable  that  they  es- 
perienoe  a  change  in  tibe  proportion  of  their 
dements,  lliis  change  developes  at  least 
three  bodies,  margarine^  fiuid  fai,  and  the 
sweet  prindple  ;  and  it  is  remarkable,  that  it 
takes  place,  without  the  absorption  of  any 
fbrdgn  substance,  or  the  disengagement  of 
any  of  the  dements  which  are  separated  from 
eadi  other.  As  this  change  is  effiected  by 
the  intermedium  of  the  alkali,  we  may  con- 
clude that  the  newly  formed  prindples  must 
have  a  strong  aflinity  for  salifiable  bases,  and 
will  in  many  respects  resemble  the  adds; 
and,  in  fact,  they  exhibit  the  leading  ciiarao- 
ters  of  adds,  in  reddening  litmus,  in  de- 
compodng  the  alkaline  caibonates  to  unite 
to  their  bases,  and  in  neutralising  the  spedfic 
properties  of  the  alkalis. 

Having  already  pointed  out  the  analogy 
between  Uie  properties  of  adds  and  the  prin- 
dples into  whid)  fat  is  converted  by  means 
of  the  alkalis,  the  next  object  was  to  examine 
the  action  which  other  bases  have  upon  fat^ 
and  to  observe  the  effect  of  water,  and  of 
the  cohesive  force  of  the  bases,  upon  the  pro- 
cess of  saponification.  The  substances  which 
the  author  subjected  to  experiment  were^ 
soda,  the  four  lUkaline  Moths,  alumina,  and 
the  oxides  of  zinc,  copper,  and  lead.  After 
giving  a  detail  of  the  processes  which  he  em- 
ployed with  these  substances  respectively,  be 
draws  the  fi^wing  general  conclusions  t— 
Soda,  baryta,  strontia,  lime,  the  oxide  of 
sine,  and  the  protoxide  of  lead,  convert  fat 
into  margarine,  ^uidjat,  the  sweet  prtncipiet 
the  yellow  colouring  principle,  and  the  odorous 
principle,  precisely  in  the  same  manner  aa 
potash.  Wliatever  be  the  base  that  has  been 
employed,  the  products  of  saponification  al- 
ways exist  in  tfie  same  relative  proportion. 
As  the  above  mentioned  bases  form  with 
margarine  and  the  fluid  fat  compounds  which 
are  insoluble  in  water,  it  follows,  that  the 
action  of  this  liquid,  as  a  solvent  of  soap,  ia 
not  essential  to  the  process  of  saponification. 
It  is  remarkable  that  the  oxides  of  sine  and 
of  lead,  which  are  insoluble  in  wat^,  and 
whidi  produce  compounds  equally  insolublfi^ 
should  give  the  same  results  with  potash  and. 
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aoda»*-«  cucuinataDoe  wbicfa  proves  that 
thoae  oxides  have  a  strong  alkaline  power. 
Although  the  analogy  of  magnesia  to  the 
alkalis  is,  in  other  respects,  so  striking,  yet 
we  find  that  it  cannot  convert  fat  into  soap 
under  the  same  circumstances  with  the  oxides 
of  sine  and  lead. 

It  was  found  that  100  parts  of  hog's-lard 
were  reduced  to  the  completely  saponified 
state  by  16^36  parts  of  potash.  See  Elain, 
and  Acid  (Maroauc). 

The  properties  of  spermaceti  were  next 
examined :  it  melts  at  about  1 12^ ;  it  is  not 
much  altered  by  distillation;  it  dissolves 
readily  in  hot  alcohol,  but  separates  as  the 
fluid  coob;  the  solution  has  no  effect  in 
changing  the  colour  of  the  tincture  of  litmus, 
a  circumstance^  as  it  is  observed,  in  which  it 
difiers  from  margarine^  a  substance  which 
in  many  respects  it  resembles.  Spermaceti 
is  capable  of  being  saponified  by  potash,  with 
nearly  the  same  phenomena  as  when  we  sub- 
mit hogVIard  to  the  action  of  potash,  aU 
though  the  operation  is  effected  with  more 
difficulty. 

.  The  author's  general  conclusion  respecting 
the  fistty  matter  of  dead  bodies  is,  that  even 
alter  the  lactic  acid,  the  lactates,  and  other 
ingredients  which  are  less  essential,  are  re- 
moved from  it,  it  is  not  a  simple  ammonia- 
cal  soap,  but  a  combination  of  various  fatty 
substances  with  ammonia,  potash,  and  lime. 
The  fetty  substances  which  were  separated 
from  alcohol,  had  different  melting  points, 
and  different  sensible  prc^>erties.  It  follows, 
from  M.  Chevreurs  experiments,  that  the 
substance  which  is  tlie  least  fusible,  has  more 
affinity  for  bases  than  those  which  are  more 
so.  It  is  observed,  that  adipocere  possesses 
the  characters  of  a  saponified  fat ;  it  is  solu- 
ble in  boiling  alcohol  in  all  proportions,  red- 
dens litmus,  and  unites  reulily  to  potash, 
not  only  without  losing  its  weight,  but  with- 
out having  its  fusibility  or  other  properties 
changed. 

M.  Chevreul  has  shown,  that  hog's-lard, 
in  its  natural  state,  has  not  the  property  of 
combining  with  alkalis ;  but  that  it  acquires 
it  by  experiendog  some  change  in  the  pro- 
portion of  its  elements.  This  change  being 
induced  by  the  action  of  the  alkali,  it  follows 
that  the  bcxiies  of  the  new  formation  must 
have  a  decided  affinity  for  the  species  of  body 
which  has  determin«l  it.  If  we  apply  this 
foundation  of  the  theory  of  saponification  to 
the  change  into  fat  which  bodies  buried  in 
the  earth  experience^  we  shall  find  that  h 
explains  the  process  in  a  very  satisfactory 
manner.  In  reality,  the  fatty  matter  is  the 
combination  of  the  two  adipose  substances 
with  ammonia,  lime,  and  potash :  one  of  these 
substances  has  the  same  sensible  properties 
with  margarine  procured  from  the  soap  of 
hogVlard;  the  other,  the  orange-coloured 
oil,  excepting  its  colour,  appears  to  have  a 


strong  analogy  with  the  fluid  fat  Froxd 
these  circumstances  it  is  probable^  that  the 
f(Mrmation  of  the  fatty  matter  may  be  the  re- 
sult of  a  proper  saponification  produced  by 
ammonia,  proceeding  from  the  decomposition 
of  the  mUscle,  and  by  the  potash  and  Ume 
which  proceed  from  the  decomposition  of 
•  certain  salts. 

The  author  remarks,  that  he  has  hitherto 
made  use  of  periphrases  when  speaking  of 
the  different  bodies  that  he  has  been  desoib- 
ing,  as  supposing  that  their  nature  was  not 
sufficiently  determined.  He  now,  however, 
conceives,  that  be  may  apply  speciBc  names 
to  them,  whidi  will  both  be  more  commo- 
dious, and,  at  the  same  time^  by  being  made 
appropriate,  will  point  out  the  relation  which 
these  bodies  bear  to  each  other.  The  M- 
lowing  is  the  nomenclature  which  he  after- 
wards adopted :— The  crystalline  matter  of 
human  biliary  calculi  is  named  cAoUtteriitef 
from  the  Greek  words  x»Xnt  bile,  and  r»fft, 
solid ;  spermaceti  is  named  cetine,  from  »nrt, 
a  whale;  the  fatty  substsnce,  and  the  oily 
substance,  are  named  respectively,  ttearine^ 
and  eldUn,  from  the  words  tmi^  fat,  and 
iXauft  oil ;  margarine,  and  the  fluid  fiit  ob- 
tained after  saponification,  are  named  mar^ 
gmrie  acid  and  ofetc  add,  while  the  term  cetie 
acid  is  applied  to  what  was  named  saponified 
spermaceti.  Hie  margaratesf  oUaies,  and 
ceiates,  will  be  the  generic  names  of  the  soaps 
or  combinations  which  these  adds  are  capable 
of  forming  by  thdr  union  with  salifiable  bases. 

Two  portions  of  human  fat  were  examin- 
ed, one  taken  from  the  kidney,  the  other 
from  the  thigh :  after  some  time  they  both  of 
them  manifested  a  tendency  to  separate  into 
two  distinct  substances,  one  of  a  solid,  and 
the  other  of  a  fluid  consistence.     The  two 
portions  differed  in  their  fluidity  and  thdr 
melting  point.    These  variations  depend  u}>> 
on  the  different  proportions  of  stearine  and 
elaSn ;  for  the  concrete  part  of  ttX  is  a  com- 
bination of  the  two  with  an  excess  of  stearine, 
and  the  fluid  part  is  a  combination  with  an 
excess  of  elaSn.     The  fat  from  the  other 
animals  was  then  examined,  prindpally  with 
respect  to  thdr  melting  point  and  thdr  solu- 
bility in  alcohol :  the  melting  point  was  not 
always  the  same  in  the  &t  of  the  same  qpedes 
of  animal.     When  portions  oi  the  fitt  of  dif- 
ferent sheep  are  mdted  separately  at  the 
temperature  of  122^,  in  some  spedmens  the 
thermometer  descends  to  96.5^,  and  rises 
again  to  102^ ;  while  in  others  it  descends  to 
lO^^),  and  rises  again  to  106^.     A  thermo- 
meter plunged  into  the  fat  of  the  ox  melted 
at  122°,  descended  to  96.d^,  and  rose  agdn 
to  102°.     When  the  fat  of  the  jaguar  was 
melted  at  104^  the  thermometer  descended 
to  84°,  and  rose  again  to  about  85^ ;  but  a 
conaderable  portion  of  the  fat  still  remained 
in  a  fluid  state.     With  respect  to  the  solu- 
bility of  the  different  kinds  of  fat  in  alcohol, 
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k  WW  fmmd  tiMt  100  ptfto  of  it  duMbwl 
S.4B  ptfti  €f  humui  fat,  2,26  puts  ofibecp'B 
Utf  2,52  pwts  of  tbe  fiit  of  the  ox,  2.18 
parti  of  the  fiift  of  the  jaguar,  and  about  8.8 
partt  of  the  fiit  of  the  hog. 

M.  Cberreui  next  eiamlnca  the  change 
which  is  produced  in  the  different  kinds  of 
fiit  respectiTely  by  the  action  of  potash.  AU  ■ 
the  kinds  of  fat  are  capable  c€  being  peilcctly 
aaponified,  when  excluded  from  Uie  contact 
of  the  air :  in  all  of  them  there  was  the  pro- 
duction  of  the  saponiOed  fiit  and  the  sweet 
principle;  no  carbonic  add  was  produced, 
and  the  soaps  formed  contained  no  acetic 
acid*  or  only  slight  traces  of  it.  The  sa- 
ponified lets  had  more  tendency  to  crystallise 
in  needles  than  the  fiits  in  their  natural  state: 
they  were  loluble  in  all  proportions  in  boil- 
ing alcohol  of  the  specific  grsTity  of  .821. 
Hie  solution,  like  tiiat  of  the  saponified  fiit 
of  the  hog,  contained  both  the  margaric  and 
the  oleic  adds.  They  were  less  fusible  than 
the  fiUs  from  which  they  were  fiDrmed :  thus^ 
iHhua  human  fat,  after  being  saponified,  was 
melted,  the  thermometer  became  stationary 
at  95^,  when  the  fluid  b^gan  to  congeal ;  in 
that  of  the  sheep,  the  thermomeCer  fell  to 
llS,SPt  and  rose  to  122^;  in  that  of  the  ox 
it  remained  stationary  at  118.5°;  and  in 
that  of  the  jagnar  at  9&,S^, 

ITie  saponified  fiit  of  the  sheep  and  the  ox 
had  tiie  same  degree  of  solubili^  in  potash 
and  soda  as  that  of  the  hog. 
100  parts  of  the  fat  of  the  ^ 

sheep  when  saponified  >  15.41  of  potash. 

were  dissolTed  by         ) 
100  i-rt.  of  th«  «me  >  ^^^^  ^  ^^ 

were  dissolved  by         y 
100  parts  of  the  saponi-  f 

fied  fat  of  the  ox  were  V  15.42  of  potash. 

dissolved  by  > 

100  pM.  of  *•  "»«ho.24of«Ml.. 
were  dissolYed  by         3 

100  parts  of  the  saponU  f 

fied  fat  of  the  hog  were  V  15.04  of  potash. 

dissohred  by  y 

100  parts  of  the  same  >  m  on    r     j 

The  following  table  contains  the  proportions 
of  the  saponified  fiu,  and  of  the  matter  sol»> 
Me  in  water,  into  which  100  parts  of  the  fitt 
nre  capable  of  bang  changed  :— 
Human  fio. 
Saponified  fiit,  05 

Soluble  matter,  5 

Fat  of  the  sheep. 
Saponified  firt,         85.1 
Soluble  matter,  4.9 

Fat  of  the  ox. 
Saponified  fat,  05 

Soluble  natter,  5 

Fat  of  the  hog. 
Saponified^  94.7 

Soluble  matter,  5.3 


M.  Ghcvreul  Btxt  gbea  Ml  aeBomH  of  ttc 
analysis  of  fiu  by  aleoboL 

Ilie  method  of  analysis  employed  was  to 
expose  the  different  kinds  of  fiu  to  boiliiig 
alrohoi,  and  to  suffer  the  mixture  to  cool :  a 
portion  of  the  fat  that  had  been  dissolved  was 
then  separated  in  two  states  of  cooriMnation; 
One  with  an  excess  of  stearine  was  deposited, 
the  other  with  an  excess  of  elsSn  remained 
in  solution.  Hie  first  was  separated  by  ^U 
tnition ;  and  by  distilling  the  filtered  fluid, 
and  adding  a  little  water  towards  the  end  of 
the  operation,  we  obtain  the  second  in  the 
retort,  under  the  form  of  an  alcoholic  aqat" 
ons  fluid.  The  distilled  alcohol  which  had 
been  employed  in  the  analysis  of  human  fiit 
had  no  sensible  odour;  the  ssme  was  the 
case  with  that  which  had  served  for  the 
analysu  of  the  fiit  of  the  ox,  of  the  hog,  and 
of  the  goose.  Tlie  alcohol  which  had  been 
employed  in  the  analysis  of  the  fiu  of  the 
sheep  had  a  slight  odour  of  caodl»-greaac. 

The  varieties  of  stearine  fhm  the  different 
species  of  fiit  were  found  to  poraess  the  fill- 
lowing  properties :  They  were  all  «/  a  bea». 
tiful  white  colour ;  entirely,  or  almost  with- 
out odour,  insipid,  and  having  no  action 
upon  litmus.— ^anatf  Jrom  man.  The 
thermometer  which  was  jdunged  into  it  wben 
melted  fell  to  105.5S  and  rose  again  to  12V>. 
By  cooling,  the  stearine  crystalliaed  in  very 
fine  needles,  the  surface  of  which  was  Art.-** 
SUarine  of  the  $kup.  The  thermometer  fell 
to  1040,  and  rose  again  to  109.5^:  It  fimned 
itaelf  into  a  flat  mass;  the  centra,  which 
cooled  more  slowly  than  the  edges,  preseutod 
small  and  finely-radiated  needles.— ^Steorvie 
of  the  ox.  The  thermometer  fell  to  103^,  and 
rose  again  to  lllo;  it  formed  itself  into  a 
mass,  the  surface  of  which  was  flat,  over 
which  were  dispersed  a  number  of  niinule 
stars  visibleby  the  microscope :  It  was  slightly 
semitiansparent.— ^A«anii«  of  the  hog.  It 
exhaled  the  odour  of  hog's-lard  when  it  was 
melted.  The  thermometer  fell  to  100l5», 
and  roae  again  to  109. 5<».  By  coolings  it 
was  reduced  into  a  mass,  the  surface  of 
which  was  very  unequal,  and  which  appear* 
ed  to  be  fonned  of  small  needles.  When  it 
cooled  rapidly,  the  parts  which  touched  the 
sides  of  the  vessel  bad  the  semitran^Mrency 
of  coagulated  albumen. — ^earv^  afthegooae. 
The  thermometer  fell  to  104*",  and  roae 
again  to  109.5° :  It  was  fiMmed  into  a  flat 


With  respect  to  the  solubility  of  these  dif. 
ferent  bodies  in  alcohol,  100  parts  of  boiling 
alcohol,  of  the  spedfic  gravity  of  0.7958; 
dissolved. 

Of  human  stearine^  21.50 

Of  the  stearine  of  the  sheep^  1^07 
Of  the  stearine  of  the  ox,  15.48 
Of  the  stearine  of  the  ho^  18.25 
Of  the  stearine  of  the  goose,  3a00 
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Saponification  by  poMah. 


The  human  stearine 
produced,  bytKpom- 
ficatioD, 


Stearine  of  the 
sbeep. 


Saponified  firt, 
Soluble  matter, 

fSaponified  fat, 


94.6 


I  Soluble  matter,     5.4 


Stearine  of  the  ox. 


Stearine  of  the  hog. 


Stearine    of   the 


Soluble  matter. 


All  the  loaps  of  stearine  were  analysed  by 
the  same  process  as  the  soap  of  the  fat  from 
which  they  bad  been  extracted:  there  was 
procured  from  them  the  pearly  super-mar- 
garate  of  potash  and  the  oleate ;  but  the  first 
was  much  more  abundant  than  the  second. 
The  margaric  acid  of  the  stearines  had  pre- 
cisely the  same  capacity  for  saturation  as  that 
which  was  extracted  from  the  soaps  formed 
of  fat.  The  margaric  add  of  the  stearine  of 
the  sheep  was  fusible  at  144o,  and  that  of 
the  stearine  of  the  ox  at  143.5^ ;  while  the 
margaric  adds  of  the  hog  and  the  goose  had 
nearly  the  same  fusibility  with  the  margaric 
acid  of  the  fat  of  these  animals. 

On  Spermaceti,  or,  as  M.  Cberreul  tech* 
nically  calls  it,  cetine.  In  the  fifth  memoir, 
in  which  we  have  an  account  of  many  of  the 
properties  of  this  substance,  it  was  stated, 
that  it  is  not  easily  saponified  by  potash,  but 
that  it  is  couTerted  by  this  reagent  into  a 
substance  which  is  soluble  in  water,  but  has 
not  the  saccharine  flavour  of  the  sweet  prin- 
dple  of  oib ;  into  an  add  analogous  to  the 
margaric,  to  which  the  name  eelie  was  ap- 
plied ;  and  into  another  add,  which  was  con- 
ceived to  be  analogous  to  the  oleic.  Since 
he  wrote  the  fifth  memoir,  the  author  baa 
made  the  following  obaenrations  on  this  sub- 


It  was  fusible  at  123.5P ;  it  crystallis- 
ed in  small  needles  joined  in  the  form  of 
a  funneL 

The  syrup  of  the  sweet  prindpla  wdgb- 
ed  8.6^  the  acetate  0.3,* 
C  It  began  to  become  opaque  at  129^, 
3  and  the  thermometer  became  stationary 
yat  127.50;  it  crystallised  in  small  fine 
(.radiated  needles. 
C      The   syrup    of   the    sweet    prindple 

<  weighed  8,  the  acetate  0.6 ;   it  had  a 
C  rancid  odour. 

r     It  began  to  become  solid  at  129^,  but 

jit  was  not  perfectly  so  until   125.5;  it 

y  crystallized  in  small  needles  united  into 

C  flattened  globules. 

5      The    syrup  of   the   sweet    prindple 

X  wdghed  9.8,  the  acetate  O.a 

r     It  began  to  grow  solid  at  129^,  and 

3  the  thermometer  became  stationary   at 

y  125.5^;  it  crystallized  in  small  needles 

C  united  into  flattened  globules. 

iTbe    syrup   of   the    sweet    prindple 
weighed  9,  the  acetate  0.4. 
r      It  became  solid  at  119^;  it  crystal- 

<  lized  in  needles  united  in  the  form  of  a 
C  funnel. 

5      The  syrup    of   the    sweet    prindple 
I  wdghed  a2. 


ject:— 1.  That  the  portion  of  the  soap  of 
oetine  which  is  insoluble  in  water,  or  the 
cetate  of  potash,  is  in  part  gelatinous,  and  in 
part  pearly :  2.  That  two  kinds  of  crystals 
we««  produced  from  the  oetato  of  potash 
which  had  been  dissolved  in  alcohol:  3, 
That  the  cetate  of  potash  exposed,  under  a 
bell  glass,  to  the  heat  of  a  atove,  produced  a 
auUimate  of  a  fatty  nuitter  which  was  not 
add.  From  this  circumstance  M.  Cheneal 
was  led'  to  suqiect,  that  the  supposed  cetic 
add  mi  j^  be  a  combinatioa,  or  a  mixture  of 
maigaric  add  and  of  a  fatty  body  which  was 
not  add.  He  aecordingly  treated  a  small 
quantity  of  it  with  barytic  water,  and  boiled 
the  soap  which  was  formed  in  alcohol  i  the 
greatest  part  of  it  was  not  dissolved,  and  the 
alcoholic  solution,  when  cooled,  filtered,  and 
distilled,  produced  a  residuum  of  fatty  mat- 
ter which  was  not  acid.  The  suspicion  bdng 
thus  confirmed,  M.  Chevreul  dctennined  to 
subject  oetine  to  a  new  train  of  experiments. 
Bdng  treated  with  boiling  alcohol,  a  cetine 
was  procured,  which  was  fusible  at  120^,  and 
a  yellow  ftktty  matter  which  b^;an  to  become 
solid  at  89.5<',  and  which  at  73.5^  contdned 
a  fluid  oil,  which  was  sepanted  by  fihm- 
tion. 

Sapamfieation  of  ihs  JEloSnei  ^  PolosA.—- 


*  Thlf  mesns  the  salt  which  we  obtain  after  havlDg  neutralised  by  baryta  the  preduot  of  the  dlitlUatiOQ  of 
the  aqaeoui  fluid,  whicfa  wai  procured  from  the  loap  that  had  been  decomposed  by  taftsile  add. 
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ThedetenninaCioii  oftbe  aoluble  maner  which 
the  ebunet  yield  to  water  in  the  process  of 
Hponificatioiiy  is  much  more  difficult  than  the 
determination  of  the  same  point  with  respect 
to  the  stearines.  The  stearines  are  less  sub- 
ject to  be  changed  than  the  elaines ;  it  is  less 
difficult  to  obtain  the  stearines  in  an  uniformly 
pure  state ;  besides,  the  saponi6ed  fats  of  the 
stearines  being  less  fusible  than  the  saponified 
dainesy  it  b  more  easy  to  weigh  them  without 
loss.  The  ehunes  of  the  sheep,  the  hog,  the 
jaguar,  and  the  goose,  extracted  by  alcohol, 
yield  by  the  action  of  potash. 

Of  saponified  fat,       80  parts 

Of  soluble  matter,      1 1 
The  elain  of  the  ox  extracted  in  the  same 
manner  yields, 

Of  saponified  fat,    92.6  parts 

Of  soluble  matter,     7.4 
The  diflerent  kinds  of  fat,  considered  in 
their  natural  state,  are  distinguished  from 
each  other  by  their  colour,  odour,  and  flui- 
dity. 

The  stearines  of  the  sheep,  the  ox,  and  the 
hog,  have  the  same  degree  of  solubility  in  al- 
cohol ;  the  steartne  of  man  is  a  little  more 
soluble,  while  that  of  the  goose  u  twice  as 
much  so.  The  eiaSnes  of  man,  of  the  sheep, 
the  ox,  the  jaguar,  and  the  hog,  have  a  spe- 
cific gravity  of  about  .915;  that  of  the  goose 
of  about .  929.  The  elsines  of  the  sheep,  the 
ox,  and  the  hog,  have  the  same  solubility  in 
alcohol ;  the  elain  of  the  goose  is  a  little  more 
soluble.  On  the  other  hand,  the  margaric 
acids  of  man,  of  the  hog,  of  the  jaguar,  and 
of  the  goose,  cannot  be  distinguished  fnnn 
each  other ;  those  of  the  she^  and  the  ox 
differ  a  few  degrees  in  their  melting  point, 
and  a  little  also  in  their  form.  As  for  the 
slight  differences  which  the  oleic  acids  pre- 
sent, they  are  not  sufficiently  precise  for  us 
to  be  able  to  particularize  them.  See  Acid 
(Oleic). 

M.  Dupuy  has  shown,  that  in  the  distilla- 
tions of  oils,  if  the  temperature  be  not  raised 
to  ebullition,  a  solid  product  is  obtained, 
which  constitutes  three-fourths  of  the  quan- 
tity of  oil  employed ;  while,  if  (his  point  be 
exceeded,  a  liquid  product  is  constantly  form- 
ed during  the  whole  course  of  Uie  oporation. 
Thus,  with  100  parts  of  oil,  the  products  were 
as  follows :— - 

SoUd,        .        .        76.470 

Liquid,  .  2^529 

Charcoal,  -  a.  676 


10^675 
The  solid  matter  is  of  a  consistence  approach- 
ing that  of  hog*s  lard  ;  it  is  yellowish  at  the 
commencement  of  the  operation,  and  of  less 
consistence ;  but  by  degrees  it  acquires  more, 
and  becomes  of  a  very  fine  white  colour.-— 
AnnaUt  de  Chimie,  xxix.  319. 

FAT  LUTE.     A  compound  of  linseed 
oil  and  pipe-clay,  of  a  doughy  consistence. 


FECULA.     See  Stabcb. 

FECULA.    Green  of  pknts.    See  CULO- 

BOFHYLE. 

FELSPAR.  This  unportant  mineral  ge- 
nus is  distributed  by  Fk-ofessor  Jameson  into 
four  species,  viz.  prismatic  felspar,  pyramidal 
felspar,  prismato-pyramidal  felspar,  and  rhom- 
boidal  felspar. 

L  Prismatic  felspar  has  9  sub-apedes  :  1. 
Adularia;  2.  Gkusy  felspar ;  3.  Ice-spar;  4. 
Common  felspar;  5.  Labrador  felspar;  6. 
Compact  felspar ;  7.  Clinkstone ;  8.  Earthy 
common  felspar ;  and,  9.  Porcelain  earth. 

1.  Adularia.  Colour  greenish-white ;  iri- 
descent ;  and  in  thin  plates,  pale  flesh-red  by 
transmitted  light.  Massive  and  crystallized. 
Primitive  form ;  an  oblique  four-sided  prism, 
with  2  broad  and  2  narrow  lateral  planes; 
the  kteral  edges  are  120^  and  60^.  Secon- 
dary forms ;  an  oblique  four-sided  prism,  a 
broad  rectangular  six-sided  prism,  a  six-sided 
tables  and  a  rectangular  four-sided  prism. 
Sometimes  twin  crystals  occur.  Hie  lateral 
planes  of  the  prism  are  longitudinally  streak- 
ed. Lustre  splendent^  intermediate  between 
vitreous  and  pearly.  Cleavage  threefold. 
Fracture  imperfect  conchoidal.  Semitrans- 
pareut.  A  beautiful  pearly  light  is  some- 
times seen,  when  the  specimen  is  viewed  in 
the  direction  of  the  broader  lateral  phmes. 
Refracts  double.  Harder  than  apatite^  but 
softer  than  quartz.  Easily  frangible.  Sp. 
gr.  2.5.  It  melts  before  the  blowpipe,  with- 
out addition,  into  a^  white-coloured  trans- 
parent ghiss.  Its  constituents  are,  64  silica, 
20  alumina,  2  lime^  and  14  potash.— Tati- 
qtielin. 

It  occurs  in  contemporaneous  veins,  or 
drusy  cavities,  in  granite  and  gneiss,  in  the 
island  of  Arran,  in  Norway,  Switzerland, 
France,  and  Germany.  The  finest  crystals 
are  found  in  the  mountain  of  Stella,  a  part 
of  St  Gothard.  Rolled  pieces,  exhibiting  a 
most  beautiful  pearly  light,  are  collected  in 
the  island  of  Ceylon.  Moonstone  adularia  is 
found  in  Greenland;  and  all  the  rarieties 
in  the  United  States.  Under  the  name  of 
moonstone  it  is  worked  by  lapidaries.  An- 
other variety  from  Siberia  is  called  sunstcHie 
by  the  jewellers.  It  is  of  a  yellowish  colour, 
and  numberless  golden  spots  i^pear  distri- 
buted through  its  whole  substance.  These 
reflections  of  li^t  are  either  from  minute 
fissures,  or  irregular  deava^s  of  the  mine- 
ral. The  aventurine  felspar  of  Archangel 
appears  to  be  also  sunstone.  It  is  the  hy- 
aloides  of  Theopbrastus. 

2.  Gloittf  filspar.  Colour  greyish-white. 
Crystallized  in  broad  rectangular  four-sided 
prisms,  bevelled  on  the  extremities.  Splen- 
dent and  vitreous.  Cleavage  threefold.  Frac- 
ture uneven.  TVansparent.  Sp.  gr.  2.57. 
It  melts  without  addition  into  a  greyish  se- 
mitransparent  glass.  Its  constituents  are^ 
68  silica,  15  alumina,  14.5  potash,  and  0.5 
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(aide  of  iron,^XIapr,  It  occun  imbedded 
in  pitch-«toiie  porphyry  in  Amu  and  Rum. 
&  Jce^tpar,  Colour  greyish-wbitei  Mas- 
sif^ ceUuUr  and  pcMttus ;  and  crystallized  in 
smaUy  thin,  longish  six-sided  tables.  Hm 
lateral  plains  are  longitudinally  streaked. 
Lustre  Titreous.  Cleavage  imperfect  Trana* 
lucent  and  transparent.  Hard  as  common 
felspar,  and  easily  frangible.  It  occurs  along 
with  nepheline,  meionite,  mica,  and  hom^ 
blende,  at  Monte  Scnnma  near  Naples. 

4.  Common  fdtpar.  Colours  white  and 
red,  of  Tarious  shades;  rarely  green  and  blue. 
Massive,  disseminated,  and  crystallized  in  a 
very  oblique  four-sided  prism;  an  acute 
rhombus;  elongated  octohedron;  a  broad 
equiangular  six-sided  prism;  a  rectangular 
four^sided  prism ;  and  twin  crystals ;  which 
fbrms  are  diversified  by  various  bevelments 
and  truncations.  Cleavage  threefold.  Lustre 
more  pearly  than  vitreous.  Frscture  uneven. 
Fragments  rhomboidal ;  and  have  only  four 
splendent  faces.  Translucent  on  the  edges. 
Less  hard  than  quartz.  Easily  frangible. 
8p.  gr.  2.57.  It  b  fusible  without  addition 
into  a  grey  semitransparent  glass.  Its  con- 
sdtuentB  are  as  follows : — 

aberiaa  green  Flesb-red   Felq»arftom 
fdspar.  Mipsr.  Fansu. 

SOica,            €a83  66.75             60.25 

Alumina,       17.02  17.50             22.00 

Lime,               aOO  L25               a75 

Potash,           laOO  12.00             14.00 

Oxide  of  iron,  1.00  0.75  water,     1.00 

96.85  98.25  OlIoO 

Vauq,  Bote.        Buchol%. 

Felspar  is  one  of  the  most  abundant  mi* 
nerals,  as  it  forms  a  principal  constituent  part 
ci  granite  and  gneiss,  and  occurs  occasionally 
mixed  with  mica-slate  and  clay-sUte.  It  is 
also  a  constituent  of  whitestone  and  syenite. 
It  forms  the  basis  of  certain  phorphyries. 
Greenstone  is  a  compound  of  common  fdspar 
and  hornblende.  The  most  beautiful  crystals 
of  it  occur  in  the  Alps  of  Switzerland,  in 
Lombardy,  France,  and  Siberia,  in  veins  of 
contemporaneous  formation  with  the  granite 
and  gneiss  rocks.  It  occut«  abundantly  in 
transition  mountains,  and  in  those  of  the  se- 
condary class.  Under  the  name  of  petuntze 
it  ia  an  ingredient  of  Chinese  porcelain.  When 
the  green  varieties  are  spotted  with  white, 
they  are  named  apenturinefiltpar.  Another 
green  variety  from  South  America  is  called 
the  Amazon-stone,  from  the  river  where  it  is 
found. 

5.  Labrador  Jelspar.  Colour  grey,  of  vi^ 
rious  shades.  When  light  falls  on  it  in  cer- 
tain direclionsy  it  exhibiu  a  great  variety  of 
beautiful  colours.  It  occurs  massive,  or  in 
rolled  pieces.  Cleavage  splendent.  Frac- 
ture glistening.  Lustre  between  vitreous 
and  pearly.  It  breaks  into  rhomboidal  frag- 
ments.    Translucent  in  a  very  low  degree. 


Leas  easily  frangible  than  common  fidspso*;  • 
Sp.  gr.  2.6  to  2.7*  It  is  less  fusible  than  > 
common  felspar.  It  occurs  in  rolled  masses  ' 
of  syenite,  in  which  it  is  associated  with  com- 
mon  hornblende,  hyperstene,  and  magnetic  • 
ironstone,  in  the  i^nd  of  St  Paul  on  the  • 
coast  of  Labrador.  It  is  found  round  Laur- 
wig  in  Norway. 

6i  Compact  feUpar.  Colours,  white*  gray, 
green,  and  red.  Massive^  disseminated,  and 
ciystallized  in  rectangular  four-sided  prisms*  > 
Lustre  glistening,  or  glimmering.  FVacture 
splintery  and  even.  Translucent  only  on  the 
edges.  Easily  frangible.  Sp.  gr.  2*69^  It 
melts  with  difficulty  into  a  whitish  enamel* 
Its  constituents  are,  51  silica,  30.5  alumina, 
11.25  lime,  1.75  iron,  4  soda,  1.26  water.^— 
Xlapr,  It  occurs  in  mountain  masses,  beds 
and  veins;  in  the  Pentland  hills,  at  Sala, 
Dannemora,  and  Hallefors  in  Sweden ;  in  the 
Saxon  Erzegebirge,  and  the  Hartz. 

7.  Clinkttone  s  which  see. 

8.  Earthy  common  felspar.  This  seemA 
to  be  disintegrated  common  felspar. 

9.  Porcdain'eaHk,     See  Clay. 

II.  Pyramidal  felspar.  See  SCAFOUTB, 
and  Elaoute. 

III.    PrismatO'pyramidal  felspar.      See 
Meionctb. 

IV.  Rhomboidal fi^spar.    See  NephelI2>is. 

Chiastolite  and  sbdalite  have  also  been  an^ 
nexed  to  this  species  by  Professor  Jameson. 

FERMENTATION.  When  aqueous 
combinations  of  vegetable  or  animal  matter 
are  exposed  to  ordinary  atmospherical  tem- 
peratares,  they  speedily  undeigo  spontaneoua 
changes,  to  which  the  generic  name  oifgr^ 
mentation  has  been  given*  Animal  liquids 
alone,  or  mixed  with  v^^eti^les,  speedily  be^ 
come  sour.  The  act  which  occasions  this 
alteration  is  called  acetckus  fermentation,  be- 
cause the  product  is,  generally  speaking,  ace- 
tic acid,  or  vinegar*  But  when  a  moderately 
strong  solution  of  saccharine  matter,  or  sac- 
charine matter  and  starch,  or  sweet  juices  of 
fruits,  suffer  this  intestine  change,  the  result 
is  an  intoxicating  liquid,  a  beer,  or  wine; 
whence  the  process  is  called  vinous  fermen- 
tation. An  ulterior  change  to  which  all  moist 
animal  and  v^etable  matter  is  liable,  accom- 
panied by  the  disengagement  of  a  vast  quan- 
tiiy  of  fetid  gases,  is  called  the  piitreiiictive 
fermentation. 

Each  of  these  processes  goes  on  most 
rapidly  at  a  somewhat  elevated  temperature^ 
such  as  80<^  or  100^  Fahr.  It  is  for  these 
reasons  that,  in  tropical  countries,  animal  and 
vegetable  substances  are  so  speedily  deooin- 
posed. 

As  the  ultimate  constituents  of  vegetable 
matter  are  oxygen,  hydrc^^,  and  carbon^ 
and  of  animal  matter,  the  same  three  princi- 
ples with  azote ;  we  can  readily  understand 
that  all  the  products  of  fermentation  must  be 
merely  new  compounds,  of  these  three  or  four 
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ultimaiecoiMlitaentL  Accordingly,  lOOpwCB 
of  real  Yin^ar,  or  acetic  acid,  are  resolvable 
hf  MM.  Gay  Lusaac  and  Thenard's  analysis, 
into  &0.224t  carbon  -j-  46.911  hydrogen  and 
oxygen,  as  they  exist  in  water,  -f*  ^-^^ 
oxygen  in  excess.  In  like  manner,  wines 
are  all  resolvable  into  the  same  ultimate  com- 
ponents, in  proportions  somewhat  different. 
*The  aeriform  results  of  putrefactive  fermen- 
tation are  in  like  manner  found  to  be,  hydro- 
gen, carbon,  oxygen,  and  azote,  varmnly 
combined,  and  associated  with  minate  quan- 
tities of  sulphur  and  pbos|ilKiras.  The  re- 
siduary matter  consisia  of  the  same  princi- 
ples, mixed  widi  iBtte  saline  and  earthy  parts 
of  animai  bodies. 

Lavoisier  was  the  first  philosopher  who  in- 
stituted, on  right  principles,  a  scries  of  ex- 
periments to  investigate  the  phenomena  of 
Ibrmentation  ;  and  they  were  so  judidously 
contrived,  and  so  accurately  conducted,  as  to 
give  results  comparable  to  ^ose  derived  from 
the  more  rigid  methods  of  tiie  present  day. 
Since  then  M.  Tbenard  and  M.  Ciay  Lussac 
have  each  contributed  most  important  re- 
searches. By  the  labours  of  thc^  three  il- 
lustrious chemists,  those  material  metamor- 
phoses, ibrmerly  quite  mysterious,  seem  sus- 
ceptible of  a  satisfactory  explanation. 

1.  Finout  fermentation.  As  sugar  is  a 
sidiBtance  of  unifbrm  and  determinate  com- 
position, it  has  been  made  choice  of  for  d^ 
Sermining  the  changes  which  arise  when  its 
solution  is  fermented  into  wine  or  alodiol. 
Lavoiner  justly  regarded  it  as  a  tme  vege- 
table oxid^  and  stated  its  constituents  to  be, 
8  hydrogen,  ^28  carbon,  and  64  oxygen,  in 
100  parts.  By  two  different  analyses  of  Ber- 
aeUus  we  have, 

Hydrogen,  6.802  6.801 
Cariwn,  44.115  42.704 
Oxygen,     49.083      50.405 

loaooo   loaooo 

MM.  Oay  Lussac  and  Thenaid*s  analysis 
gives, 

Qtfbon,      42.47    42.47 


occur,  we  mnst  dinblve  4  or  5  pnts  of  pim 
sugar  in  20  parts  of  water,  put  the  solutioa 
into  a  matrass,  and  add  1  part  €i  jtmaiL  Into 
the  mouth  of  the  matrass  «  glaas  tube  must 
be  luted,  which  is  recurved,  so  as  to  dip  11110 
the  mercury  of  a  pneumatic  trou|^     If  Iht 
apparatus  be  now  plaocd  m  a.  tmpetntuve  of 
from  70°  to  80^,  we  shall  speedily  obaerve 
the  synsp  to  beooae  muddy,  and  a  multitude 
af  air-bubbles  to  form  all  around  the  fer- 
ment. These  unite,  and,  attaching  tbcmselvea. 
to  particles  ci  the  yeast,  rise  along  vrith  it  to 
the  surfoce,  forming  a  stratum  of  froth.  The 
yeasty  matter  will  then  disengage  itsdf  from 
the  air,  fidl  to  the  bottom  of  the  vessel,  to 
reacquire  buoyancy  a  second   time  by  at* 
tached  air-bubbles,  and  thus  in  succession. 
If  we  operate  on  three  or  four  ounoes  of 
sugar,  the  fennentation  will  be  very  rapid 
during  the  first  ten  or  twelve  hours ;  it  will 
then  slacken,  and  terminate  in  the  course  of 
a  few  days.   At  this  period,  the  matter  being 
deposited  which  distuH>ed  the  transparency 
of  the  liquor,  this  will  become  clear. 

•The  following  changes  have  now  taken 
place;— -1.  The  sugar  is  wholly,  and  the 
yeast  partially  decomposed.  8.  A  quantitg^ 
of  alcohol  and  carbonic  acid,  together  nearly 
in  weight  to  the  sugar,  is  produced.  3.  A 
white  matter  is  formed,  composed  of  hydro- 
gen, oxygen,  and  carbon,  equivalent  to  about 
half  the  weight  of  the  decompoaed  ferment, 
llie  carbonic  add  passes  over  into  the  pneu^ 
matic  apparatus;  the  alcohol  may  be  sepa^ 
rated  fiom  the  vinous  liquid  by  distillation, 
and  the  white  matter  falls  down  to  the  bot- 
tom of  the  matrsas  with  the  remainder  of  the 


100.00  100.00 

It  has  been  said,  that  sugar  requires  to  be 
dissolved  in  at  least  4  parts  of  water,  and  to 
be  mixed  with  some  yeast,  to  cause  its  fer- 
mentation to  commence.  But  this  is  a  mis- 
takcb  Syrup  stronger  Ihan  die  above  will 
ferment  in  warm  weather,  without  addition. 
If  the  temperature  be  low,  the  syrup  weak, 
and  no  yeast  added,  acetous  fermentation 
alone  vrill  take  place.  To  determine  the 
vinous,  therefore^  we  must  mix  certain  pro- 
portions of  saccharine  matter,  irater,  and 
yeast,  and  place  them  in  a  proper  tempera- 
ture. 

To  observe  the  chemical  changes. which 


The  quantity  of  yeast  decomposed  is  very 
■malL     100  parts  of  sugar  require,  for  com- 
plete decomposition,  only  two  and  a  half  of 
that  substance,  supposed  to  be  in  a  dry  atata. 
It  is  hence  very  probable,  that  the  ferment, 
irhidi  has  a  strong  affinity  for  oxygen,  takea 
a  little  of  it  from  the  saccharine  particles,  bj 
a  part  of  its  hydrogen  and  carbon ;  and  thvs 
tiie  equllR>rium  bdng  broken  b^ween  the 
fonstitttent  principles  of  the  sugar,  these  aa 
react  on  each  other  as  to  be  transformed  inta 
alcohol  and  carbonic  acid.     If  we  consider 
the  composition  of  alcohol,  we  shall  find  na 
difficulty  in  tracing  the  steps  of  this  transfor- 
mation.    If  we  take  40  of  caibon  -f-  60of 
water,  or  its  elements,  as  the  true  constituents 
ef  sugar,  instead  of  42.47  -f-  57.53;  and 
convert  these  weights  into  volumes*  we  shaM 
have  for  the  composition  of  that  body,  very 
nearly, 

by  weight, 
1st,  I  volume  vapour  ef  carbon,  ss  0.416 

1  volume  vapour  of  water,  ass  0.685 
or,     I  volume  vapour  of  carbon, 

1  ditto  hydrogen  gas, 

^  volume  oxygen ; 
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'  mt  ntihipigring  cMh  bj  3, 

S  volwDMs  vapour  of  cuboo, 

3  ditto  bydrogen* 

4  ditto  oxygen. 

2d,  Let  us  bear  in  mindt  that  aleohol  is 
conpoKd  of 

"  (8  vols,  hydrogen. 

1  ToL  vap.  of  water  =r  ii'^  ''y*'°8^ 

\i  ▼<>«•  oxygen. 

Sd,  1  Tol.  caibonic  add  a=  1  toI.  oxygen 
^  1  fol.  vapour  of  carbon. 

4.  Neglecting  the  minute  producte  which 
the  yeait  fomidiea  in  the  act  of  fermenta- 
thm,  let  ui  regard  only  the  alcohol  and  car- 
bonic  acid.  We  ahall  then  see^  on  compar. 
mg  the  composition  of  sugar  to  that  of  alco- 
hoi  that  to  tranafonn  sugar  into  alcohol,  we 
must  withdraw  from  it  one  rolume  of  vapour 
of  catbon  and  one  volume  of  oxygen,  which 
form  by  their  unioa  one  volume  <^  carbonic 
acid  gas.  Finally,  let  us  reduce  the  volumes 
into  weights ;  we  shall  find,  that  100  parts  of 
sugar  ought  to  be  converted,  during  fermen- 
tation, into  61.55  of  alcohol,  and  4&45  of 
carbonic  add. 

Thoee  who  are  partiid  to  atomical  language 
wiH  see^  thai  sugar  may  be  represented  by 

Atoou. 
S  voL  vap.  of  caib.  sss  3  sss  2.250      40.00 

3  do.  hydrogen,       ss  3  s=  0.375        6.66 

4  do.  oxygen,         as  3  as  3.000      5a33 


5.6S5 

9».99 

And  alcohol,  by 

2  voL  carbon, 

m  2  a  1.500 

52.16 

9  dck.  hydrogen. 

8  3  £=  0.375 

iao4 

i  da  oxygen, 

S5  1  »  l.OOO 
2.875 

34.60 

loaoo 

And  carbonic  add. 

by 

1  voL  oxygen, 

s  2  k:  2.00 

72.72 

1  dOb  vap.  of  carb. 

w  1  »  0.75 

27.28 

loaoo 

If,  therefore,  from  the  sugar  group,  we 
take  away  one  atom  of  carbon,  and  two  of 
Ofxygen,  to  form  the  carbonic  acid  group  be- 
low, we  leave  an  atomic  assemblage  for  form- 
ing alcohoU  as  in  the  middle.  For  this  in^ 
teresting  development  of  the  relation  between 
the  uhimato  constituents  of  sugar  on  the  one 
hand,  and  alcohol  and  carbonic  add  on  the 
other,  we  are  indebted  to  M.  Gay  Lusmc. 

The  folkming  comparison,  by  the  same 
philosopher,  illustrates  these   mefesmorpho- 


Sulphuric  ether  is  composed  of 

OcniL  %£  vipotw. 
2  vol.  oleaantga8,B«1.9444  >  ^  ,™- 

lvoLvap.ofwatasO.6250)       =5«.ow* 

And  alcohol  is  composed  of 
2vol.olefiantgas,sl.9444)    .  -.     ,  -^^ 
2  do.  vap.  of  wat  asl.2500  J  T-^ssI-Of^X 

'    Henc^  to  convert  akohol  intp  ether^  i^ 


have  oi^y  to  withdiaw  ftom  it  oneJvdf  pf  it» 
constitiicnt  water. 

Let  us  now  see  how  far  experiment  agraas 
with  the  theoretic  deduction,  that  100  parti 
of  sugar,  by  fermentation,  should  give  birth 
to  51*55  of  absolute  alcohol,  ^md  4a45  of 
caibonic  add.  In  Lavoisier's  elaborate  ex- . 
periment,  we  fLmi  that  100  parts  of  sucir 
afforded, 

Alcohol,  .  57.70 

Carbonic  add,  35.34 

d3.04 
Unfortunately,    this   great    chemist   has 
omitted  to  state  the  spedfic  gravity  of  hia 
akohol. 

If  we  assume  it  to  have  been  0.829%  as 
assigned  for  the  density  of  kighUf  rectified 
akx^l  in  the  8th  table  of  the  i^pendix  to 
his  EUmenU,  we  shall  find  100  parts  of  it  to 
contain,  by  Lowitx's  table,  87.23  of  absolute 
alcohol,  if  its  temperature  had  been  60^.  But 
as  54.5*^  was  the  thennometric  point  indi- 
cated in  taking  sp.  gravities,  we  must  reduce 
the  density /W>m  0.8293  to  0.827.  We  ahall 
then  find  100  parts  of  it  to  consist  of  88  of 
absolute  alcohol,  and  12  of  water.  Hence^. 
the  57.7  parts  obtained  by  Lavoisier  will  b^. 
come  50.776  of  absolute  alcohol,  which  is  a 
surprising  accordance  with  the  theoretical 
quantity  51.55.  But  about  four  parts  of  the 
sugar,  or  l-25th,  had  not  been  decomposed. 
If  we  add  two  parts  of  alcohol  for  this,  wa 
would  have  a  small  deviaition  from  theory  oa 
the  other  side.  There  is  no  reasonable  ground^ 
Ibr  questioning  the  accuracy  of  Lavoisier's; 
experiments  on  fermentation.  Any  persoa 
who  considers  the  excessive  care  he  has  evi- 
dently bestowed  on  them,  the  finished  pred* 
sion  of  his  apparatus,  and  the  complacency 
with  which  he  compares  **  the  substences  suIk 
mitted  to  fermentation,  and  the  producte 
resulting  from  that  operation,  as  forming  an 
algebrsic  equation,"  must  be  convinced  that 
the  results  are  deserving  of  confidence. 

K.  Thenard,  in  operating  on  a  solution  of 
300  parts  of  sugar,  mixed  with  60  of  yeasty 
at  (he  temperature  of  59^,  has  obtained  such 
resulte  as  abundantly  confirm  the  previous 
determination  of  Lavoisier.  The  following 
were  the  products  :— 

Alcohol  of  0.822,        -         171.5 
Caibonic  add,  -  94.6 

Nauseous  residue;,        -  ^2.0 

Residual  yeast,  -  40.0 


Loss, 


360.0 
The  latter  two  ingredients  may  be  disre- 
garded in  the  caiculaSon,  as  the  weight  of  the 
yeast  is  nearly  equivalent  to  thdr  sum. 

Dividing  J7L5  by  3,  we  have  57.17  fbr 
the  wdght  of  alcohol  of  a822  flpom  100  of 
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wbgiT.  In  tiie  MBe  way,  we  get  3Ld3  iat 
the  caitMmic  add.  Now,  ipirit  of  wine  of 
0,922  contains  90  per  cent  of  abHrfate  ako- 
faoL  Whence  we  find  51.463  for  the  qnao- 
titj  of  aUelnte  akohol  by  Hicnaid's  ezpen- 
mcot ;  being  a  perfect  accordance  with  the 
theoretical  deductions  of  M.  Gay  Liiiir, 
made  at  a  n^aeyn^fil  period. 

Br  M.  LavoMer.        ByM.TboMid.    Bftfaeofy. 
From  100  sugar.     From  lOO  da, 
Abe.  alco.  5a77&         51.453  51.55 

Hie  ooinddence  of  thew  three  rauhs  seems 
perfectly  decisive. 
^  In  determining  tlie  density  of  absohifee  al- 
cohol* M.  Gay  £ussbc  bad  occasion  to  ob- 
flerTe»  that  when  alcohol  is  mixed  with  water, 
the  density  of  the  Tapoar  is  exactly  the  mean 
between  the  density  of  the  alcotu^  vapour 
flihid  that  of  the  aqueous  vapour,  notwithsUnd- 
ihg  the  affinity  which  tends  to  unite  them. 
An  important  inference  flows  from  this  ob« 
siervatioo.  The  experiments  of  M.  de  Sau^ 
sure,  as  corrected  by  M.Gay  Lussac's  theory 
of  volumes,  demonstrate  that  the  absolute  al» 
cohol  which  they  employed  contains  no  sepa- 
nble  portion  of  water,  but  what  is  essential 
to  the  existence  of  the  liquid  alcohoL  Had 
any  foreign  water  been  present,  then  the  spe- 
cific gi^vity  of  the  alcoholic  viq;iour  would 
have  been  proportionally  diminished ;  for  the 
vapour  of  water  is  less  dense  than  that  of  aU 
cohol,  in  the  mtio  of  1  to  more  than  2^.  But 
dnce  the  sp.  gravity  of  alcoholic  vapour  is 
precisely  that  which  would  result  ftom  the 
condensed  union  of  two  volumes  vapour  of 
eaibon,  three  volumes  of  hydrogen,  aiid  half 
a  volume  of  oxygen,  it  seems  absurd  to  talk 
of  such  alcohol  still  containing  Bi3  per  cent 
of  water. 

The  vrriter  of  a  lortg  article  on  breudngf  in 
the  Supplement  to  the  5tb  edition  of  the 
Encyclopaedia  Britannica,  makes  the  follow- 
ing remarks  in  discussing  M.  Tbenard*s  re> 
aearcfaes  on  fermentation :  *'  Now,  akohol  of 
the  specific  gravity  0.822  contains  1-lOth  of 
its  weight  of  water,  which  can  be  separated 
fircm  it ;  and  if  we  suppose  with  Snissure^ 
tiiat  absolute  alcohol  contains  8.3  per  cent 
of  water,  then  the  products  of  sugar  decom- 
poaeA  by  fermentation,  according  to  Saus- 
sure*s  (Thenard*s  he  means)  experiments,  are 
as  follows :— - 

Alcohol,  -  47.7 

Carbonic  add^        -      35.34 


Ann  msniiMiaD  agiiin  me  tvKPf^UY  ot 
one  of  tbefiftt  cfaesBistsin  Fkance^  calls  lor 
iKpiehenMon.  But  farther,  M.  Gay  T  nssar'i 
account  of  the  nature  of  alcohol  and  its  vft- 
poor  vraspubliiiheil  a  mniiderable  time  before 
the  article  brewing  appeared.  Indeed  our 
author  copies  a  considerable  part  of  it,  so  that 
the  above  error  is  leas  excusable. 

Hie  ferment  or  yeast  is  a  substance  wldcii 
separates  under  the  form  of  flooculi,  more  or 
leas  viscid,  firom  all  the  juices  and  infusioiis 
which  experience  the  vinous  fermentation.  I^ 
is  commonly  procured  from  the  beer  manu- 
fiurtories,  and  is  hence  called  the  barm  of  beer.^ 
It  nuiy  be  easily  dried,  and  is  actually  expoa- 
ed  for  sale  in  Fnis  under  the  form  of  a  firm 
but  slightly  cohesive  pastes  of  a  greyish- 
white  colour.  This  pasty  harm,  left  to  itself 
in  a  dose  vessel,  at  a  temperature  ci  from 
55^  to  70°,  b  decomposed,  and  undcigoes  in 
some  days  the  putrid  fermentation.  Placed 
in  contact,  at  that  temperature,  with  oxygen 
in  ajar  inverted  over  mercury,  it  absorbs  this 
gas  in  some  hours,  and  there  is  produced  car- 
bonic acid  and  a  little  water.  Exposed  to  a 
gentle  beat,  it  loses  more  than  two-thirds  of 
its  weight,  becomes  dry,  hard,  and  brittle,  and 
may  in  this  state  be  fmeserved  for  an  indefi^ 
nite  time.  When  it  is  more  highly  heated, 
it  experiences  a  complete  decomposition,  and 
furnishes  all  the  products  which  usually  r». 
suit  from  the  distillation  of  animal  substaiw 


Or  in  100  parts, 
Alcohol, 
Gubonic  add. 


8a04 

57.44 
42.56 


100.00 
«  This  result  approaches  so  nearly  to  that 
of  Lavoisier,  that  there  is  reason  to  suspect 
that  the  coincidence  is  more  than  accidenlaL** 
p.  480. 


It  is  insoloUe  in  water  and  alcohol.  Boil- 
ing water  speedily  deprives  it  of  its  power  of 
readily  exdting  fermentation.  In  fiict,  if  we 
plunge  the  solid  yeast  into  water  for  ten  o^ 
twdve  minutes,  and  place  it  afterwards  in 
contact  with  a  saccharine  sdution,  this  exhi- 
bits no  symptom  t^  fermentation  for  a  long 
period.  By  that  heat,  the  ferment  does  not 
seem  to  lose  any  of  its  constituents,  or  to  ac- 
quire others.  Its  habitudes  with  adds  and  aU 
kalis  have  not  been  well  investigated.  From 
Thenard*s  researdies,  the  fermenting  princi- 
ple in  yeast  seems  to  be  of  a  caseous  or  Mu- 
tinous nature. 

It  is  to  the  gluten  that  wheat  flour  owes 
its  property  of  making  a  fermentable  dough 
with  water.  This  flour  paste  may  indeed  be 
regarded  as  merely  a  visdd  and  dastic  tissue 
of  gluten,  the  interstices  of  which  are  filled 
with  starch,  albumen,  and  sugar*  We  know 
that  it  is  from  the  gluten  that  the  dough  d^ 
rives  its  property  of  rising  on  the  admixture 
of  leaven.  The  leaven  acting  on  the  sweet 
prindple  of  the  wheat,  gives  rise  in  succession 
to  the  vinous  and  acetous  fermentations,  and 
of  consequence  to  alcohd,  acetic  and  carbonic 
^ds.  The  latter  gas  tends  to  fly  ofiT,  but 
the  gluten  resists  its  disengagement,  expands 
like  a  membrane,  forms  a  multitude  of  little 
cavities,  which  give  lightness  and  sponginess 
to  the  bread.  For  the  want  of  gluten,  the 
flour  of  all  those  grains  and  roots  whidi  con- 
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list  chiefly  of  starch  «re  not  ci^Mble  of  rrmk-  fouod  both  in  vegetables  and  nfiimak..  Vau- 
ing  raised  bread,  even  with  the  addition  of    quelin  discovered  it  in  the  juice  of  the  papaw 

leaven  or  yeast.   There  does  not  appear  to  be  tree.     It  is  a  soft  solid,  of  a  greasy  appear- 

-  any  peculiar  fermentation  to  which  the  name  ance,  insoluble  in  water,  which  softens  in  the 
pmnary  should  be  given.  air,  becoming  viscid,  brown,  and  semitrans- 

When  it  is  required  to  preserve  fermented  parent.     On  hot  coals  it  melts,  throws  out 

-  liquors  in  the  state  produced  by  the  first  stage  greasy  drops,  crackles,  and  evolves  the  smoke 
,  of  fermentation,  it  is  usual  to  put  them  into  and  odour  of  roasting  meat.     Fibrin  is  pro> 

•  casks  before  the  vinous  process  is  completely  cured,  however,  in  its  most  characteristic 
■  ended ;  and  in  these  closed  vessels  a  change  state  ftom  animal  matter.  If  exists  in  chyle ; 
'  very  slowly  continues  to  be  made  for  many  it  enters  into  tlie  composition  of  blood ;  of  it 

months,  and  perhaps  for  some  years.  the  chief  part  of  muscular  flesh  is  formed ; 

But  if  the  fermentative  process  be  suffered  and  hence  it  may  be  regarded  as  the  most 

to  proceed  in  open  vessels,  more  especially  if  abundant  constituent  of  the  soft  solids  of  ani- 

.  the  temperature  be  raised  to  90  degrees,  the  mals. 

.acetous  fiermentation  comes  on.    In  this,  the         To  obtain  it,  we  may  beat  blood  as  it  issues 

•oxygen  oi  the  atmosphere  is  absorbed ;  and  from  the  veins  with  a  bundle  of  twigs,     fi- 

the  more  speedily,  in  proportion  as  the  sur-  brin  soon  attaches  itsdf  to  each  stem,  under 

iaoes  of  the  liquor  are  often  changed  by  lad-  the  form  of  long  reddish  filaments,  which  be- 

.  ing  it  from  one  vessel  to  another.    The  usual  come  colourless  by  washing  tbem  with  cold 

method  consists  in  exposing  the  fermented  water.     It  is  solid,  white,  insipid,  without 

-  liquor  to  the  air  in  open  caski^  the  bunghole  smell,  denser  than  water,  and  incapable  of 
of  which  is  covered  with  a  tile  to  prevent  the  affecting  the  hue  of  litmus  or  violets.   When 

.entrance  of  the  rain.     By  the  absorption  of  moist  it  possesses  a  spedes  of  elasticity;  by 

'Oxygen  which  takes  place,  the  inflammable  desiccation  it  becomes  yellowish,  hard,  and 

spirit  becomes  converted  into  an  acid.     If  brittle.     By  distillation  we  can  extract  from 

.the  liquid  be  then  exposed  to  distillation,  it  much  cartwnate  of  ammonia,  some  acetate, 

pure  vinegar  comes  over  instead  of  ardent  a  fetid  brown  oil,  and  gaseous  products ; 

•  spirit.  while  there  remains  in  the  retort  a  very  lu- 

Wbcn  the  spontaneous  decomposition  is  minous  charcoal,  very  brilliant,  difficult  of 
'  suffered  to  proceed  beyond  the  acetous  pro-  Incineration,  which  leaves,  after  combustion, 
cess,  the  vinegar  becomes  viscid  and  foul;  air  phosphate  of  lime,  a  little  phosphate  of  mag- 
is  emitted  with  an  offenstfe  smell;  volatile  nesia,  carbonate  of  lime,  and  carbonate  of 
alkali  flies  off;  an  earthy  sediment  is  deposit-  soda. 

ed ;  and  the  remaining  liquid,  if  any,  is  mere         Cold  water  has  no  action  on  fibrin.   Treat- 
water.     This  is  the  putrefactive  process.  ed  with  boiling  water,  it  is  so  changed  as  to 

The  fermentation  by  which  certain  colour-  lose  the  property  of  softening  and  dissolving 

ing  nsatters  are  sepan^ed  from  vegetables,  as  in  acetic  add.     Hie  liquor  filtered  from  it 

in  the  preparation  of  woad  and  indigo,  is  car-  yields  predpitates  with  infusion  of  galls,  and 

ried  much  farther,  approaching  to  the  putre-  the  residue  is  white,  dry,  hard,  and  of  an 

factive  stage.  agreeable  taste. 

It  is  not  dearly  ascertained  what  the  yeast  *  When  kept  for  some  time  in  alcohol  of 

or  ferment  perfbrma  in  this  operation.     It  0.810,  it  gives  rise  to  an  adipocerous  matter, 

seems  probable  that  the  fermentative  process,  having  a  strong  and  disagreeable  odour.   This 

in  considerable  masses,  would  be  carried  on  matter  remains  dissolved  in  the  alcohol,  and 

progrcBsivdy  from  the  surface  downwards;  may  be  precipitated  by  water.     Ether  makes 

and  would,  perhaps,  be  completed  in  one  it  undergo  a  similar  alteration,  but  more 

port  before  it  had  perfectly  commenced  In  slowly.     When  digested  in  weak  muriatic 

another,  if  the  yeast,  which  is  already  in  a  acid,  it  evolves  a  little  azote^  and  a  compound 

state  of  fermentation,  did  not  cause  the  pro-  is  formed,  hard,  homy,  and  which,  washed 

cess  to  begin  in  every  part  at  once.     See  repeatedly  with  water,  is  transformed  into 

B&EAis  DmnXATiON,  PbrREFAcnON,  Av-  another  gelatinous  compound.  Hiis  seems  to 

OOHOL,  Wine,  Acid  (Acetic),  Vegstable  be  a  neutral  muriate,  soluble  in  hot  water; 

KiNGiX>iL  whilst  the  first  is  an  add  muriate,  insoluble 

FERROCTANATES.    See  Acm  (FEii-  even  in  boiling  water.    Sulphuric  add  dilut- 

BOCYAMic).  ed  with  six  times  its  wdght  of  water,  has 

•   FERROCYANIC  ACID.      See  AdJ)  similar  effects.     When  not  too  concentrated, 

•(Fbb&ocyanic).  nitric  acid  lias  a  very  different  action  on  fi. 

FERROPRUSSIC  ACID,  and  FER-  brin.     For  example,  when  its  sp.  gr.  is  1.25^ 

ROPRUSSIATE&      See   Acm  (Febjko-  there  results  from  it  at  first  a  dioengagement 

CYANia  of  axote*  while  the  fibrin  becomes  covered 

FERRURETTED  CHYAZIC  ACID,  with  fat,  and  the  Uquid  turns  ydlow.     By 

The  same  as  Ferrocyanic.  digestion  of  24  hours,-  the  whole  fibrin  is  at- 

FETSTE I N.     Elaolite.  tacked,  and  converted  into  a  pulverulent  mass 

FIBRIN.    A  peculiar  organic  compound  Of  lemon-ydlow  colour,  which  seem^  to  be 
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MBipotM  oi  ft  nixtim  of  nrt  md  ■btiHi  sL* 
VBWi  fliMi  mmnnay  coibuumii  wiio  nw  wwi 
fie  md  nhrie  or  ntotnis  acUb.  lDftct,ifwe 
pot  tfak  mam  on  a  fiher,  md  wuii  it  oopi- 
imdf  with  water,  it  will  part  with  a  portkm 
of  its  add,  will  prcMrve  the  property  of  red- 
deniag  litmo^  md  will  take  an  orange  hoc 
On  tieating  it  afterwards  with  boiling  alco- 
hol, we  dbaolve  the  fatty  matter ;  and  potting 
the  remainder  in  contact  with  chalk  md  wa- 
ter,  an  cfferrescence  will  be  occaaioned  by  the 
CKape  of  carbonic  add,  and  malate  or  mtraie 
of  lime  wfll  remain  in  loliition. 

Concentrated  acetic  add  lendcn  fibrin 
loft  at  ordinary  temperatures,  and  converts 
it  by  die  aid  of  heat  into  a  jelly,  which  is 
soluble  in  hot  water,  with  the  disengagement 
of  a  small  quantity  of  asote.  This  solntion 
is  colourless,  and  posuwci  little  taste.  Eto- 
porated  to  dryness,  it  leaves  a  transparent 
residue,  which  reddens  litmus  paper,  and 
which  cannot  be  dissolved,  even  in  boiling 
water,  bnt  by  the  medinm  of  more  acetic 
add.  Sulphuric,  nitric,  and  muriatic  adds, 
predpitate  the  animal  matter,  and  form  add 
combinations.  Potash,  soda,  ammonia,  ef- 
Ibct  likewise  the  precipitation  of  this  matter, 
provided  we  do  not  use  too  graat  an  excess 
of  alkali ;  for  then  the  picdpttated  matter 
would  be  redlasolved.  Aqueous  potarii  and 
soda  gradually  dissolTe  fibrin  in  the  cold, 
without  occasioning  my  perceptible  change 
in  its  nature ;  but  widi  heat  they  decompose 
it,  giving  birth  to  a  quantity  of  ammoniacal 
gasb  and  bdier  usual  animal  products.  Fibrin 
docs  not  putrefy  speedUy  when  kept  in  wnfter. 
It  shrinks  on  exposure  to  a  conddemUe 
heat,  and  emits  the  smell  of  burning  horn. 
It  is  composed,  according  to  the  analysis  of 
MM.  Gay  Luamc  and  "nienard,  of 

Carbon,  5a360 

Aiot6^  19.934 

Oxygen,         19.665  )  22.  H  water, 

Hydrogen,       7.021  )    4id6  hydrogen. 

FI BRGLITE.  Coioun  white  md  grey ; 
crystallised  in  rhomboidal  prisms,  the  angles 
of  whose  planes  are  80<*  md  100°.  It  is 
glistening  internally.  Prindpal  fracture  un^ 
oven.  Harder  than  quarts.  Sp.  gr.  3.214. 
Its  constituents  are,  alumina  56.25,  silica  36, 
iron  and  loss  dL75.     It  is  found  in  the  Car- 


FIOURESTONE.     See  BiLDSTEnr. 

FILTRATION.  Anopemtion  bymeans 
of  which  a  fluid  is  mechanically  separated 
fimm  consistent  particles  merely  mixed  with 
it.     It  does  not  differ  ftom  straining. 

An  iqiparatus  fittal  up  for  this  purpose  is 
called  a  filter.  The  form  of  this  is  various^ 
according  to  the  intentionkOf  the  operator. 
A  piece  of  tow,  or  wool,  or  cotton,  stuflad 
into  the  pipe  of  a  fumiel,  win  prevent  the 
paasage  of  grosser  particles,  and  by  that 
means  render  the  fluid  clearer  which  comes 
through.    Sponge  is  still  more  cfiectuaL    A 


Knp  Ob  uiicu  rag  wiiteu  ma  ouBg 
dda  of  n  vceed  cooiaining  a  fluid,  in 

(  that  one  end  of  the  rag  may  be 
in  the  fluid,  and  the  odier  end  may 
remain  without,  below  the  suifoce,  wiQ  act 
as  a  syphoD,  and  carry  over  the  clearer  por- 
tion. Linen  or  woollen  stnfi  may  either  be 
flHtencd  over  the  mouths  of  ptoper  vnseli, 
or  fixed  to  a  fram^  like  a  aicve^  for  the  par- 
pose  of  filtering.  All  thew  are  more  cosn- 
moiriy  used  by  cooks  and  apothecaries  than 
by  philooopliical  chemists^  who^  for  the  most 
part,  use  the  paper  called  cap  paper,  made 
up  without  sae.  * 

As  the  filtration  of  considcnMe  quantities 
of  fluid  could  not  be  eflected  at  once  withoni 
breaking  the  filter  of  paper,  it  is  found  r»> 
quiste  touse  a  linen  doth,  upon  which  the 
paper  is  applied  and  supported. 

Predpitates  and  other  pulverulent  matteta 
are  collected  more  speedily  by  filtration  thaa 
by  subsidence.  But  there  are  many  che- 
mists who  disclaim  the  use  of  this  method^ 
and  avail  themselves  of  the  ktler  only,  which 
is  certainly  more  aocarate,  and  liable  to  no 
objection,  where  the  powders  are  such  as  will 
admit  of  edukoration  and  drying  in  the  opca 
air. 

Some  fluids,  as  turbid  water,  may  be  pnri* 
fied  by  filtering  through  ssndL'  A  large 
earthen  funnel,  or  stone  bottle  with  die  boi> 
torn  beaten  out,  may  have  its  neck  looeeiy 
stopped  with  small  stones,  over  which  smalU 
er  may  be  placed,  supporting  layers  of  gravel 
increasing  in  fineness,  and  lastly  covered  to 
the  depth  of  a  fow  inches  with  fine  sand,  all 
thoroughly  cleansed  by  washing.  This  ap- 
paratus is  superior  to  a  filtering  stone,  as  it 
will  cleanse  water  in  large  quantities^  and 
may  .readily  be  renewed  when  the  passage  ia 
obstructed,  by  taking  out  and  washing  the 
upper  stratum  of  sand. 

A  filter  for  corrosive  liquors  may  be  0Qfr> 
structed  on  the  same  principles,  of  brokan 
and  pounded  glass. 

FI  O  RITE.  Pmrl  Sinter,  a  volcanic  pio- 
duction,  chiefly  silica,  in  a  stelactitiosl  fona. 

FIRE.     See  Caloric  and  GcMODtnoM. 

FIRE-DAMP.     See  COMBOmON,  and 

CaBBURETTJBD  HYmOGBN. 

FIREWORKS.  Under  Sibomtia  vriU 
be  found  a  recipe  for  making  the  red  Are  for 
representing  the  efiixt  of  conflagrations  in 
theatres.  The  following  mixture^  whett 
burned  before  a  reflector,  sheds  a  beautiful 
green  light  upon  all  surrounding  objeoiB. 
It  may  idso  be  employed  in  the  cfaangea  of 
fireworks  alternating  with  red  and  blue  flkf.- 
Tdce  of  Flowers  of  sulphur  13  parts 

Nitrate  of  baryta,     77 

Chlorate  of  potash,     5 

Metallic  arsenic,        8 

Charcoal,  3 

loo 
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Hbfl  nmterMb  must  be  in  ftoe  powder,  umI 
tixnottglily  triturated  together. 

Green  fire  is  made  of  equal  pert!  of  pound- 
ed nitrate  of  baryta  and  charcoal  well  mixed 
together.  It  ie  used  in  gboet  icenea;  giToa 
out  a  greeniflh  flam^  with  a  white  smoke^ 
and  m^LBs  the  countenance  awume  a  deadly 
hue. 

FISH-SCALES  are  composed  of  akeiw 
oalie  layoa  of  membrane  and  phosphate  of 
lime. 

FIXED  AIR.     Carbonic  acid  gas. 

FIXITY.  Tlie  property  by  which  bodies 
resist  the  action  of  heal^  so  as  not  to  rise  in 
^rapour. 

FLAKE-WHITE.     Pure  carbonate  of 


FLAME.     See  Coumjtmoxf. 

FLESH.  The  muscles  of  animals.  Hicy 
chiefly  of  flbiint  with  albumen,  gela- 
tin, extractive^  phosphate  of  soda,  phosphate 
of  anmionia,  phosphate  and  carlionate  of  lime^ 
mid  sulphate  of  potash.     See  MusCLB. 

FLINT.  Colour  generally  grey,  with 
occasjonally  aoned  and  striped  delineations. 
MaasiTe^  in  rolled  pieces,  tuberooe  and  per* 
ibraled.  It  rarely  occurs  in  suppooititious, 
hoUow,  pyramidal,  or  prismatic  crystals.  It 
occurs  often  in  extraneous  shapes,  as  echi- 
nites,  ceralites,  madreporites,  fungites,  b^ 
lemnites,  mytilites,  &c ;  sometimes  in  lamel- 
lar concretions.  Internal  lustre  glimmer- 
ing. Fracture  conchoidal.  Fragments  sharp- 
edged.  IVanslucent.  Harder  than  quarts. 
Easily  frangible.  Sp.  gr.  2.59.  Infusible 
without  addition,  but  whitens  and  becomes 
opaque.  lu  constituents  are,  96  silica,  0.50 
lune^  0.25  alumina,  0.25  oxide  of  iron,  1.0 
les&  When  two  pieces  of  flint  are  rubbed 
together  in  the  dark,  they  phosphoresce^  and 
emit  a  peculiar  smell. 

It  occurs  in  primitive^  transition,  second- 
ary, and  alluvial  mountains.  In  the  flrst 
two^  in  metalliferous  and  agate  veins.  In 
eeoondary  countries  it  is  fiound  in  pudding- 
stone^  limestone^  chalk,  and  amygdaloid.  In 
^udk  it  occurs  in  great  abundance  in  beds. 
These  seem  to  have  been  both  formed  at  the 
same  time.  Werner,  however,  is  of  opinion 
that  the  tuberose  and  many  other  forms  have 
been  produced  by  infiltration.  In  Scotland 
i|  occurs  imbedded  in  secondary  limestone  in 
the  island  of  Mull,  and  near  Kirkaldy  in 
Fifeshire.  In  England  it  abounds  in  allu- 
vial districts  in  the  form  of  gravel,  or  is  im- 
bedded in  chalk.  In  Ireland  it  occurs  in 
considerable  quantities  in  secondary  lime- 
flone.  It  u  found  in  most  parts  of  the 
irorld.  Its  principal  use  is  for  gun  flints, 
the  mechanical  operations  of  which  manu- 
fiKture  are  fully  detailed  by  Bro^gniartk  The 
best  flint  for  tiiis  purpose  is  the  ycflowisb- 
grey.  It  is  an  ingredient  in  pottery,  and 
chsinists  use  it  for  mortars. 

FLINTY  SLATE.      Of  this  mineral 


there  are  two  ItiimIi,    fmiinnii  flinty  skte, 
and  Lydian  slone. 

1.  Common,  Colour  ash-grey,  with  other 
cokMura,  in  flamed,  striped,  and  spotted  deli, 
neationsk  It  is  often  traverMd  by  quarts 
veins.  BCassive,  and  in  lamellar  concretions. 
Internally  it  is  faintly  glimmering.  Fhic 
lure  in  tbe.great,  slaty  ;  in  the  small,  splin* 
tery.  TVansluoenL  Hard.  Uncommonly 
diflicoltly  fhmgible.  Sp.  gr.  2.6a  It  oc» 
curs  in  beds,  in  clay-slate  and  greywacke ; 
and  in  roundish  and  angular  maai&in  sand- 
stone. It  is  fbund  in  «Ufi^rent  parts  of  the 
great  tract  of  clay-slate  and  greywadte  whidi 
extends  from  St  Abb*s  Head  to  Portpatrick ; 
also  in  the  Pentland  Hills  near  Edinburgh* 

2.  JLsfdian  «lene.  Colour  greyiBb4>lack, 
which  passes  into  velvet-black.  It  oocnis 
maiwivQ,  and  rolled  in  pieces  with  listening 
surfaces.  Internally  it  is  glimmering.  Fno- 
ture  even.  Opaque.  Leas  hard  &ak  flint. 
Difficultly  frangible.  Sp.  gr.  2.&  It  oo* 
cnrs  very  frequently  along  with  common 
flinty  slate  in  beds  in  clay-slate.  It  is  found 
near  Fhigue  and  CarktHMl  in  Bohemia,  in 
Saxony,  the  Harts,  and  at  the  Moorfoot 
and  Pentland  Hills  near  Edinburgh.  It  i^ 
sometimes  used  as  a  touchstone  for  ascer- 
taining the  purity,  of  gold  and  sii^.  6e^ 
Assay. 

FLOAT8TONE.  A  subspecies  of  the 
indivisible  qunrts  ^  Mobs.  Spongiforms 
quartz  of  Jameson.  Colour,  white  of  vari- 
ous shades.  In  porous,  massive,  and  tub^ 
rose  forms.  Intornally  it  b  dulL  Fracture 
coarse,  earthy.  FeeUy  translucent  on  the 
edges.  Soft;  but  its  minute  psrticleH  an 
as  hard  as  quarts.  Bather  brittle.  Easily^ 
frangible.  Feels  meagre  and  roughs  and 
emiu  «  grating  noise  when  the  finger  is 
drawn  across  it.  Sp.  ^  0.49.  Its  constt«> 
tuents  are,  silica  96,  carbonate  of  lime  2.— v 
Vavq»  It  occun  incrusting  fiint,  or  in  in^ 
bedded  masses  in  a  secondary  limestone  at 
St  Ouen  near  Fsris.— ^asMsen. 

FLOETZ  ROCKS.  Mineral  fonn*. 
tions  of  the  secondary  kind,  composed  <o£ 
strata,  for  the  most  part  horisontal  and  pa^ 
rallel  to  each  other. 

FLOS  FERBL  A  radiated  variety  of 
carbonate  of  lime^  or  of  calo-spar, 

FLOUR.  The  powder  of  the  gramineoua 
seeds.  Its  iise  as  food  Is  well  kimwn.  See 
Bbead. 

FLOWERS.  A  general  appellation  used 
by  the  elder  chemists,  to  denote  all  such  Imk- 
dies  as  have  received  a  pulverulent  form  by 
sublinlation. 

FLOWERS  OF  VEGETABLES.  Dt 
Lewis,  in  his  notes  on  Neumann's  Chemis- 
try, gives  a  cursory  account  of  many  experi- 
ments made  with  a  view  to  ascertain  how  fiar 
the  colour  of  vegetable  flowers  might  prove 
of  use  to  the  dyer.      He  found  very  few 
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Tht  MMfCfs  of  plnrtB  convert  osygBn  mo 

ciboiHC  sod  wuli  gIRSt  ni|Hllltj«       TolHy 

Ibow  of  the  PtutifUru  terrpi^^Saf  fowmnr  fimcs  ■ecmidfy  voekii.     It 

oT  ozygm  in  tfab  way  18^  tunes  llicir  bulk  only  in  fimr  pi«c»  in  fleocbn^  nev  Mond- 

in  24  boon,  wlicn  didtered  fion  the  dwecC  tive  in  ALtiduiiiiiin,  in  gncisi  in  Sonder. 

fsfi  €^  tfie  ion.  It  a  tcmpcntore  lietirewi  knd,  in  lecoudaiy  poiplijiiy  near  Gourack 

18P  and  25P  a  ;  tiie  male  ioiren  of  die  ia  Bcnfretnldie,  and  in  dw  idand  of  Pipn»- 

connnber  12  fimea  dicir  bolk;  tlie  finnale  tour,  one  of  dK  Sfaetlandi.     It  oeeuca  nnidi 

only  3i;  die  lingle  rod  giUillower  (dcira*-  more  abondandy  in  England,  being  found 

fAajmomia)  11;  tfaeiingletubenMe9^and  in  aU  tfae  gdena  veins  tbat  trarene  the  coal 

the  tfpka  loHfoHa  9.8L— >7.  de  Saunurtf  Ann*  fotuialion  in  Cumberland  and  Dorfaam  ;  in 

d^  CAantt^  ziL  279.  tecondafy  or  ioeti  limcrtone  in  Dcfbjddre  ; 

FLU  ATE&      Compoondb  of  tfaa  mli-  and  it  is  tbe  most  common  veinstone  in  tfaa 

ftable  bases  widi  dooric  add.  copper,  tin,  and  lead  vans,  dMt  tiavane  gra- 

.    FLUIDITY.     Tbe  stste  of  bodies  when  nite^  cb^-date^  &c.  in  Cornwall  and  Devo^ 

tbeir  parts  are  very  reaifily  moveable  in  all  dure.     It  u  also  fieqocnt  on  tbe  Continent 

diiectioos  widi  respect  to  eacb  otber.     See  of  Eonpeu    It  itf  cnt  into  oinsmmtal  fbnns. 

Caix>BI&  It  has  also  been  used  as  a  dux  for  ons ; 

FLUOBORATEa   Compounds  of  duo-  whence  its  nsme/nari^—JiisMSMi. 
boric  acid  widi  tbe  saliBaUe  bases.  a  Eariky  Jhur.     Colour,  greyidi-while 

FLUOBORIC  ACID.   See  Acid  (Flu-  and  violct^dnc,  sometimes  very  deqi.    It 

onuc).  curs  genetally  in  crusts  investing 

FLUOR.     Octobedral  door  of  Jameson.  ndneraL    DulL    Eardiy.    Friable^    Ita 

It  is  divided  into  duree  sub.«pedes ;  com-  stitncnis  are  tbe  ssme  as  the  preceding.     It 

pact  floor,  foliated  floor,  and  eartby  duor.  occun  in  veins  along  widi  fluor-spar  at  Besr- 

1.  CompacL    Colours,  greenishlgrey  and  alitooe  in  Devonsiiire;  in  Cumberland,  in 

gfsenisb-wbite.     Massive.     Dull  or  feebly  Saxony,  and  Nonr^. 


gtimmeriog.      Frscture  even.      Ffagmenta  FLUORIC  ACID.     See  Aca>  (FLOO- 

sbarp-edgcd.      TVsnsluoent.      Harder  than  bic). 

calcareous  spar,  but  not  so  hard  as  apatite.  FLUORIDE&     Compounds  of  fluorine 

Brittle^  and  easfly  ftangiUew     Sp.  gr.  3.17.  with  the  dectro-potitive   dements,   briefly 


It  is  found  in  veins,  associated  with  fluor-  wpckxtk  of  by  M.  Dumss  in  the  31at  voli 

spar,  at  Scolbefg  in  the  Harts.  af^bejinnalesdeCkim.eidePk^.     Heob- 

2.  Foliated,  Colours,  white^  yellow,  green,  tains  these  compounds  by  treating  die  fluoride 

and  blue.     Cheen  cubes  appear  with  white  (fluate)  of  mercury  or  of  lead  with  bodico 

angles.     BCsssive^  disseminated,  and  in  dis-  more  positive  than  these  metals, 
tinct  concretions.    Crystallised  in  cubes,  per-         Fluoride  of  anenie  is  a  liquid  cxactiy  r^ 

feet,  or  variously  truncsted  and  bevelled ;  in  sembling  the  fuming  liquor  of  Lihavins,  vciy 

the  rfaomboidal  dodecahedron,  and  the  octo-  volatile,  heavier  than  water,  becoming  in  tfaia 

hedron,  or  double  four-sided  pynunid.     Tbe  fluid  fluoric  and  anenious  adds.    It  sesrcdy 

crystals  are  generdly  placed  on  one  another,  acts  on  ghns;  but  immediatdy  disintegrates 

and  form  druses;  but  are  sddom  singlew  the  skin. 

Surface  smooth  and  splendent,  or  dnisy  and         Fluoride  of  antimony  is  solid  at  ordinary 

rough.     Internal  lustre  specular-splendent,  temperatures,  white  as  snow,  more  volatile 

or    shining  vitreous.      Cleavage    fourfold,  than  sulphuric  acid,  but  less  so  than  water, 
equianguliu',  parsllel  with  the  planes  of  an         Fluoride   of  phosphorus   is  a  colourlew 

octohedron.     Fragments  octobedral  or  tetra-  fuming  liquid,  easily  obtained  in  abundance 

hedrsL    Tknnslucent  to  tvanqiarent.    Single  by  opersting  on  fluoride  of  lead  with  pbea- 

refiraction.      Harder  than  odcareous  spar,  phorus.    lis  composition  corresponds  to  the 

but  not  so  hard  as  apatite.      Britde^  and  protoddoride  of  phosphorus.     In  the 


easily  ^tangible.     Sp.  gr.  ai5.     Before  the     way  may  be  obtdned  the 

blowpipe  it  generdly  decrepitstes,  gradudly         Fluoride  of  sulphur. 

loses  its  colour  and  transparency,  and  melts         These  sa^  compounds  of  tbe  ssme  kind  aa 


widiout  addition  into  a  greyish-white  glass,  those  obtdned  by  M.  Unverdorben,  by 
When  two  ftagments  are  nibbed  together  they  ing  tbe  chromate  of  lead  with  (anhydrous) 
become  luminous  in  the  dark.  When  gently  sulphuric  add,  and  fluate  of  lime,  or  comp- 
licated,  it  phosphoresces  with   a  blue  and  mon  salt 

green  light.     By  ignition  it  loses  iu  phos-         FLUORINE.     Hie  unknown  radical  of 

phorescent  property.    The  violet-blue  variety  fluoric  add. 

from  Nertschinsky,  cdled  ehlorophane,.'^hea         FLUOSILICATE&     See  acid  (Fuip- 

plaoed  on  glowing  cods,  does  not  deoepitate^  fluac). 

but  toon  durows  out  a  green  li^t.     Sulphu-        FLUOSILICIC  ACID.  See  Aced(Fl(T- 

tic  add  evolves,  from  pulverised  fluo.'-spar,  OBic). 
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FLUX,  A  guktnk  term  made  um  of  to 
denote  any  snbttance  or  mizture  added  to 
assist  the  fuaimi  of  minerals.  In  the  large 
way,  limestone  and  fusible  spar  are  used  as 
fluxes.  The  fluxes  made  use  of  in  assays  or 
philosophical  experiments,  consist  usually  of 
alkalis,  which  render  the  earthy  mixtures 
fusible,  by  converting  them  into  glass;  or 
else  glass  itself  in  powder. 

Alkaline  fluxes  are  either  the  crude  flux, 
die  white  flux,  or  the  black  flux.  Crude  flux 
is  a  mixture  of  nitre  and  tartar,  which  is  put 
into  the  crucible  vrith  the  mineral  intended 
to  be  fused.  The  detonation  of  the  nitre 
with  the  inflammable  matter  of  the  tartar  is 
of  service  in  some  operations ;  though  gene- 
rally it  is  attended  with  inconvenience  on 
account  of  the  swelling  of  the  materials, 
which  may  throw  them  out  of  the  vessel,  if 
proper  care  be  not  taken  either  to  throw  in 
only  a  little  of  the  mixture  at  a  time,  or  to 
provide  a  large  vesseL 

White  flux  is  formed  by  projecting  equal 
parts  of  a  mixture  of  nitre  and  tartar,  by 
moderate  portions  at  a  time,  into  an  Jgnited 
crucible.  In  the  detonation  which  ensues, 
the  nitric  acid  is  decomposed,  and  flies  off 
with  the  tartaric  acid,  and  the  remainder 
oonaists  of  the  potash  in  a  state  of  consider- 
able purity.     This  has  been  called  fixed  nitre. 

Black  flux  differs  from  the  preceding,  in 
the  proportion  of  its  ingredients.  In  this, 
the  weight  of  the  tartar  is  double  that  of  the 
nitre;  on  which  account  the  combustion  is 
incomplete,  and  a  considerable  portion  of  the 
tartaric  acid  is  decomposed  by  the  mere  heat, 
and  leaves  a  quantity  of  coal  behind,  on  which 
the  black  colour  depends.  It  is  used  where 
metallic  ores  are  intended  to  be  reduced,  and 
effects  this  purpose  by  combining  with  the 
oxygen  of  the  oxide. 

The  advantage  of  M.  Morveau*s  reducing 
flux  seems  to  depend  on  its  containing  no 
excess  of  alkali.  It  is  made  of  eight  parts 
of  pulverised  glass,  one  of  calcined  borax, 
and  half  a  part  of  powder  of  charcoal.  Care 
must  be  taken  to  use  a  glass  which  contains 
no  lead.  The  white  glasses  contain  in  gene- 
ral a  large  proportion,  and  the  green  bottle 
glasses  are  not  perhaps  entirely  free  from  it. 
See  Blowfifb. 

FORGE  FURNACE.  Tlie  forge  fur- 
nace consists  of  a  hearth,  upon  which  a  fire 
may  be  made»  and  urged  by  the  action  of  a 
large  pair  of  double  bellows,  the  noxxle  of 
which  is  inserted  through  a  wall  or  pan^iet 
constructed  for  that  purpose. 

Black-lead  pots,  or  small  furnaces  of  every 
desired  form,  may  be  placed,  as  occasions  re- 
quire^ upon  the  hearth ;  and  the  tube  of  the 
bellows  being  inserted  into  a  hole  in  the  bot- 
tom of  the  furnace,  it  becomes  easy  to  urge 
the  heat  to  almost  any  degree  required. 

FORMATION.  In  geology,  an  assem- 
i>lage  of  mineral  strata  or  masses,  connected 


with  eaefa  other,  so  as  to  fbrm  one  whole  or 
system,  without  any  notable  interruption* 
either  in  the  period  or  nature  of  their  pro- 
duction. 

FORMIATES.  Compounds  of  formic 
acid  with  the  salifiable  bases. 

FORMIC  ACID.     See  Acid  (FoBMic). 

FRACTURE.  In  mineralogy,  the  form 
and  aspect  of  the  surface  produced  by  break- 
ing off  a  piece  of  a  mineral  with  the  hammer, 
Werner  divides  the  varieties  of  fracture  into 
compact,  fibrous,  radiated,  and  foliated.  The 
compact  may  be  splintery,  even,  conchoidal, 
uneven,  earthy,  or  hackly.  Hie  fibrous  may 
be  coarse  or  delicate^  straight  or  curved,  pa* 
rallel  or  diverging;  and  the  divei^ng,  again, 
is  either  stellular,  spopifonn,  or  promiscuous. 
The  radiated  fracture  is  brosd  or  narrow, 
straight  or  curved,  parallel,  diverging,  or  pro- 
miscuous ;  and  streaked  or  smooth. 

FRANGIPANE.  A  mixture  of  ahnonds 
and  sugar  with  milk  evaporated  to  dryness. 

FREEZING.     See  Cauobic,  and  Con- 

GELATION. 

FOSSIL  COPAL»  or  Highgate  rasin. 
Its  colour  is  pale  muddy  yellowish-brown.  It 
occurs  in  irregular  roundish  pieces.  Lustre 
resinous.  Semitransparent.  Brittle.  Yields 
easily  to  the  knife.  Sp.  gr.  1.046.  When 
heated,  it  gives  out  a  resinous  sromatic  odour, 
melts  into  a  limpid  fluid,  takes  fire  at  a  light- - 
ed  candle^  and  bums  entirely  away  before  the 
blowpipe.  Insoluble  in  potash  ley.  Found 
in  the  bed  of  blue  clay  at  Highgate  near 
Xx>ndon.^— ^i/ten's  Minerolo^, 

FRANKINCENSE.     See  Oubanum. 

FRANKLINITE.  A  mineral  resem- 
bling  oxidulous  iron.  Metallic,  black,  and 
magnetic,  but  not  with  polarity.  It  occurs 
in  grains  or  in  granular  masses  composed  of 
imperfect  crystds.  It  is  not  hard ;  brittle ; 
powder,  deep  red-brown ;  sp.  grav.  4.87.  It 
consists  of  oxide  of  iron  66,  brown  oxide  of 
manganese  16»  oxide  of  zinc  17.  The  regu- 
lar octohedron  is  its  primary  form.  It  occurs 
in  New  Jersey,  accompanying  the  red  oxide 
of  zinc^— PAi//v><'  Miner aiogy, 

FRENCH  BERRIES.  The  fruit  of  the 
Rhamnut  infectoriust  called  by  the  French 
graines  (CAmgwm,  They  give  a  pretty  good 
yellow  colour,  but  void  of  permanency.  When 
used  for  dyeing,  the  cloth  is  prepared  in  the 
same  manner  as  for  weld. 

FRIESLAND  GREEN.  Ammoniaoo- 
muriate  oS  copper,  the  same  with  Brunswick 
green.     See  Coffer. 

FRITT.  The  materials  of  glass  are  first 
mixed  together,  and  then  exposed  to  calcina- 
tion by  a  degree  of  heat  not  suflicient  to  melt 
them.     The  mass  is  then  called  fritt. 

FRUITS  OF  VEGETABLES.  Sap 
Green  is  prepared  from  the  berries  of  buck- 
thorn, and  Annotto  is  obtained  from  the 
peUiclea  of  the  seeds  of  an  American  tree. 
See  the  words. 
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FULIGINOUa 
theprapcrtyof  HDoke;  BanMly,  opadty,  and 
tb«  diipoBitioii  tt>  apply  UiciuelvM  to  mr- 
rDaodiog  bodiei  in  ti»e  form  of  a  dark 
loorad  powder* 

FULLER'S  EARTH.  Colour 
■b^wliite,  and  oclicr  ahadei  of  green.  Uas- 
■▼e.  DulL  Firaetoiv  uneven.  Opaque. 
Sbioing  and  reanona  in  tba  itrcak.  Vefy 
■olt  Sectile.  flearcdyadhcmtotlietongucu 
Feels  greasy.  Sp.  gr.  L7  to  8.8.  It  laUs 
into  a  powder  with  watv,  without  the  oac^ 
ling  noise  which  aooonpaoics  the  di«intfgra» 
tion  of  bole.  It  melts  into  a  brown  spongy 
seoria  before  the  blowpipe.  Its  oonstituents 
are,  53  silica,  10  alumina,  L85  magnesia, 
0.50  lime,  0.10  muriate  of  soda,  trace  of 
potash,  oxide  of  iron  9.7S,  water  24t.-^X'lapr» 
Bergmann  found  84  alumina,  and  only  0.7 
oxide  of  iron.  In  England  it  occurs  in  beds, 
sometimes  above^  sometimes  below,  the  chalk 
formation;  at  Rosswein  in  Upper  Saxony, 
vnder  strata  of  greenstone  slate;  and  in  dif- 
fcrent  places  in  Germany  it  is  found  immo- 
diaftriy  under  the  soiL  The  best  is  found  in 
BucUnghamshiroand  Surrey.  When  good, 
it  has  a  greenish-white  or  greenttb-grey  co- 
lour, falls  into  powder  in  water,  appears  to 
melt  on  the  tongue  like  butter,  communicates 
a  milky  hue  to  water,  and  deposits  very  little 
sand  when  mixed  with  boiling  water.  The 
remarkable  deterslTepropcrty  on  woollen  cloth 
depends  on  the  alumina,  which  should  be  at 
Icwt  onoi^flfth  of  die  ndiole^  but  not  much 
more  than  one-fourth,  lest  it  become  too  t»- 


FULMINATING  and  FULMINA- 
TION.  In  a  variety  of  chemical  oombinn- 
lionsithappens,thatoneor  moreof  the  prin- 
ciples assume  the  daslic  state  with  such  rapi- 
dity, that  the  stroke  against  the  displaced 
air  produces  a  loud  noise.  Tliis  is  called 
fulminadon,  or  much  more  commonly  deto- 
nation. 

Fulminating  gold  and  fulminating  powder 
'isre  the  most  common  substances  of  this  kind, 
except  gunpowder.  For  the  latter  of  these 
see  the  article  GoNFOWDEE.  Tlie  fulminating 
powder  is  made  by  triturating  in  a  warm 
mortar  three  parts  by  weight  of  nitre,  two  of 
carbonate  of  potash,  and  one  of  flowers  of 
■nipbur.  Its  effects,  when  fused  in  a  ladle, 
and  dien  set  on  fire,  are  very  great.  The 
whole  of  the  mdted  fluid  explodes  with  an 
intolenble  noise,  and  the  ladle  b  commonly 
disfigured,  as  if  it  had  received  a  strong  blow 
downwards. 

If  a  solution  of  gold  be  precipitated  by 
ammonia,  tbe  product,  will  be  fulminating 
gold.  Less  than  a  grain  of  this,  held  over 
the  flame  of  a  candle,  explodes  with  a  very 
aiharp  and  loud  noise,  lids  precipitate,  se- 
parated by  filtration,  and  wmhed,  must  be 
dried  without  heat,  as  it  is  liable  A  explode 
vrith  no  great  increase  of  tcmpcmture;  and 


it  most  not  be  pot  into  a  bottle  dosed  witfi  a 
glass  stopple^  as  the] 
poae  the  operator  to  the 

Fulminating  siher  may  be  nsade  by 
pitating  a  solution  of  nitma  of  silver  by  limo 
water,  drying  the  piecipstale  by  expoaure  to 
tbe  air  for  two  or  threedays^  and  pouring  osi 
it  liquid  ammonia.  When  i^  is  thus 
verted  into  a  black  powder,  tba  liquid 
be  poured  off,  and  the  powder  left  to  dry  io 
'  the  air.  It  detonates  vrith  the  genAcat  heal; 
or  even  with  tbe  slightest  Inction,  so  that  it 
must  not  be  removed  from  the  vcsael  in  which 
it  is  made.  If  a  drop  of  water  fall  upon  it; 
the  percuarion  will  cauae  it  to  •^pMyife.  It 
vb»  discovetvd  by  Berthollet. 

Bmgnatelli  made  a  fulminating  silver  by 
powdering  a  hundred  graina  of  nitrate  of  siU 
ver,  putting  the  powder  intoa  beer  glass,  and 
pouring  on  it,  flist  an  ounce  of  alcohol,  tfaea 
as  much  concentrated  mtrous  add.  The  mix- 
ture grows  hot,  boils,  and  an  ether  is  visibij 
formed  that  chaqges  into  gas.  By  dcgmea 
the  liquor  becomes  milky  and  opaque^  and  is 
fllled  with  small  white  douds.  Wbenallthn 
grey  powder  has  taken  this  form,  and  the  li- 
quor has  acquired  a  consistency,  distOled  w». 
ter  must  be  added  immediately,  to  suspend 
die  ebullition,  and  prevent  the  matter  froan 
bdng  redissolved,  and  becoming  amere  aoln» 
tion  of  silver.  The  white  procipitatt  is  then 
to  be  collected  on  a  filter,  and  dried.  Thn 
force  of  this  powder  greatly  exceeds  that  of 
fulminating  mercury.  It  detonates  in  a  ti*. 
imendous  manner,  on  being  scarody  touched 
with  a  glaas  tube,  the  extremity  of  which  ban 
been  dipped  in  conoentrated  aulphuric  add. 
A  single  grsin,  pbced  on  n  lighted  cosi^ 
makes  a  deafWng  report.  Tbe  same  tfoi^ 
happens  if  it  be  placed  on  a  bit  of  papet  osi 
an  dectric  pile^  and  a  spark  drawn  finm  it^ 

Fulminating  mercury.     See  Meiccey. 

lliree  parts  of  chlorate  of  potash,  and 
one  of  sulphur,  triturated  in  a  mietal  mortar^ 
cause  numerous  successive  detonations,  like 
tiie  cracks  of  a  whip,  the  reporte  of  «  pislo^ 
or  the  fire  of  musketry,  according  to  the 
mpidity  and  force  of  the  pressure  employed. 
A  few  grains^  struck  with  a  hammer  on  an 
anril,  explode  with  a  noise  tike  ifaai  of  n 
musket,  and  torrents  of  purple  light  appear 
round  it.  Hirown  ioto  concentrated  sul- 
phuric add,  it  takes  firs  and  bums  with  a 
white  flame,  but  without  noise. 

Six  parts  of  the  cUorate^  one  of  snlpbui^ 
and  one  of  charcod,  detonate  by  the  same 
means,  but  more  strongly,  and  with  a  redder 
flame. 

Sugar,  gum,  or  charcoal,  mixed  with  the 
chlorate,  and  fixed  or  volatile  oils,  alcohol,  or 
ether,  made  into  a  paste  iritfa  it,  detonate 
very  strongly  by  the  stroke^  but  not  by  tri- 
turation. Some  of  them  take  fire,  but  d<H». 
ly  and  by  degrees,  in  the  sulphuric  acul. 

AU  those  mixtores  that  detonate  by  the 
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stroke^  explode  much  more  loudly  if  preri- 
ously  ivnpped  up  in  double  ptper. 

Fulminarions  of  the  most  Tiolent  kind 
require  the  agency  of  aiote  or  nitrogen ;  as 
we  see  not  only  in  its  compounds  with  the 
oxides  of  gold,  silver,  and  pAatina,  but  still 
more  remarkably  in  its  chloride  and  iodide. 
See  NmooEN,  and  Antimony. 

FUMIGATIONS,  to  destroy  contagions 
miasmata  or  effluTia.  The  most  efficacious 
substaooe  for  this  purpose  is  chlorine ;  next 
to  it,  the  rapour  of  nitric  arid ;  and  lastly, 
that  of  the  muriatic.  The  fumes  of  heated 
Tinegar,  burning  sulphur,  or  the  smoke  of  ex- 
ploded gunpowder,  deserre  little  confidence 
as  antiloimics.  The  air  of  dissecting  rooms 
should  be  nightly  fumigated  with  dilorine, 
whereby  their  atmosphere  would  be  more 
wiiolesome  and  agreeable  during  the  day. 

Mr  Faraday  having  been  employnl  to 
Ibmigate  the  General  Penitentiary  at  Mil- 
bank,  used  the  following  method :— One 
part  by  weight  of  common  salt  was  well 
mixed  with  one  part  of  black  oxide  of  man- 
ganese. On  this  mixture,  placed  in  a  shal- 
low earthen  pan,  2parts  of  oil  of  ritridl,  pre- 
viously diluted  with  one  part  by  weight  (or 
alxmt  2  parts  by  bulk)  of  water,  and  left 
mi  cold,  were  poured.  Such  a  mixture, 
■tined  with  a  stidc,  and  made  at  60^  F.,  be- 
gan  in  a  few  minutes  to  liberate  dilorine^ 
and  continued  to  do  so  for  four  days. 

The  whole  quantity  of  materials  used  was 
700  lbs.  of  common  salt,  700  of  manganese, 
and  1400  of  oil  of  vitriol.  The  space  re- 
quiring fumigation  amounted  to  nearly 
8,000,000  cubic  feet ;  and  the  surface  of  the 
walls,  floors,  ceilings,  &c.  exclusive  of  fur- 
niture, bedding,  &c  was  about  1,200,000 
square  feet  This  surface  was  principally 
stone  and  brick,  most  of  which  had  been 
lime-washed-  Mr  Faraday  remarks,  that 
probably  much  less  chlorine  would  have  been 
auffident.— ^our«ia/9/Sdlmce,  xviii.  92. 

FUMING  LIQUOR.  The  fuming  li- 
quors of  Boyle  and  Libavius  have  been  long 
known.  To  prepare  that  oi  Boyle,  which  is 
a  hydroguretted  sulphuret  of  ammonia,  three 
parts  of  lime  ftUen  to  powder  in  the  ab,  one 


of  muriate  of  ammonia,  and  one  of  flowerv 
of  sulphur,  ars  to  be  mixed  in  a  mortar,  and 
distilled  with  a  gentle  heat.  The  yellow 
liquor  tfuit  first  comes  over,  emits  fet|d 
fumes.  It  tt  followed  by  deeper  coloured 
fluid,  that  is  not  fuming. 

The  fuming  liquor  of  Lihavius  is  made 
by  amalgamating  tin  with  half  its  weight  of 
mercury,  triturating  this  amalgam  with  an 
equal  weight  of  corrosive  muriate  of  mercury, 
and  distilling  by  a  gentle  heat.  A  colourless 
fluid  at  first  passes  over :  after  this,  a  thick 
vapour  is  thrown  out  at  one  single  jet  with  a 
sort  of  explosion,  which  condenses  into  a 
transparent  liquor,  that  emits  copious,  white^ 
heavy,  acrid  fumes,  on  exposure  to  the  air. 
In  a  closely  stopped  bottle,  no  fumes  from  it 
are  perceptible;  but  needle-shaped  crystals 
form  against  the  top  of  the  bottle,  so  as  fire- 
quently  to  close  the  aperture. 

Cadet's  fuming  liquor  is  prepared  by  dis- 
tilling equal  parts  of  acetate  of  potash  and 
arsenions  add,  and  receiving  the  product 
into  glass  bodies,  kept  cool  by  a  mixture  of 
ice  and  salt.  The  liquor  produced,  emits  a 
very  denser  heavy,  fetid,  noxious  vapour, 
and  inflames  spontaneously  in  the  open  air. 

FUNOATES.  The  saline  compounds 
of  a  peculiar  add,  which  M.  Braconnot  has 
latdy  extracted,  from  mushrooms. 

FUNGIN.  The  fleshy  part  of  mush- 
rooms, deprived  by  alcohol  and  water  of 
every  thing  soluble.  It  seems  to  be  a  mo- 
dification of  woody  fibre. 

FURNACE.     See  Laboratory. 

FUSCITE.  A  greyish  or  greenish-bhwk 
opaque  mineral.  It  crystallises  in  prisms. 
Sp.  gmv.  2.5—3.  It  b  found  at  Kallingeren, 
near  Arendal  in  Norway,  in  rolled  masses 
of  granular  quarts. 

FUSIBLE  METAL.  (SeeAuoy.)  A 
combination  of  3  parts  of  Irad,  with  2  of  tin 
and  5  of  bismuth,  melts  at  IdT'  F. 

FUSIBILITY.  That  property  by  which 
bodies  assume  the  fluid  state. 

Some  chepaiMs  have  asserted  that  ftision  is 
simply  a  solution  in  caloric ;  but  this  opinion 
indudes  too  many  yet  undecided  questions, 
to  be  hastily  adopted. 


FudbUUy  of  Metaltt  at  given  bjf  M,  Thenard, 


1.  Fusible  below  a 

--390 

red  heat. 

Potassium, 
Sodlum» 

90   C      ^^^  Lussac  and  Thenaid. 

Tin, 
Bismuth, 

1^  I     Newton. 

Lead* 

260          Biot. 

TelluriuiQt 

A  little  leas  fusible  than  lcad.^Klaproth. 

« 

Aisenic^ 

Undetermined. 

Zinc, 

37(3^        Brongniart. 

*  Antimony, 

A  little  below  a  red  heat. 

Cadimum, 
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FuttbiUty  ofMetalh  a»  ^nen  hjf  M,  Tknord. 


S.  loAinble  bdow  a 


saver. 
Copper, 
Gold, 
Cobalt, 

Iron, 

Manganete^ 

Nickel, 

Palladium, 

MoIybdeDuxD, 

UnuiiuiD, 

Tungsten, 

CSiromium, 

Titaniuin, 

Cerium, 

Osmium, 

Iridium, 

Rbodium, 

Platinum, 

Columbium, 


FUSION.  The  act  of  fusing.  Also  the 
state  of  a  fused  body. 

FUSTET.  ThewoodoftherAiaco/iAUi^ 
or  Venus*s  sumach,  yields  a  fine  orange  co- 
lour, but  not  at  all  durable. 

FUSTIC,  OR  YELLOW  WOOD.  This 
wood,  the  miyrui  tinctoriot  is  a  native  of  the 
West  Indies.  It  affords  much  yellow  co- 
louring matter,  which  is  very  permanent. 

The  yellow  given  by  the  fustic  without 


of  Wfl^fBirood. 
209 

MQ  f  Wedgewood. 

A  little  leas  difficult  to  melt  than  iron. 
5  laO  Wedgewood. 

i  158  Sir  G.  M'Kenae. 

160  Guyton. 

As  manganese.— Ricliter. 


Neariy  infusible;  and  to  be  obtained 
t     forge  beat  only  in  small  buttons. 


Infusible  at  the  forge  furaaoe, 
the  ozyhydiDgen  blowpipe. 


Fusible  at 
Blow- 


any  mordant  is  dull  and  brownish,  but 
stands  well.  The  mordants  employed  with 
weld  act  on  it  in  a  similar  manner,  and  by 
their  means  the  colour  is  rendered 
bright  and  fixed.  The  differeoce 
th^  is,  that  the  yellow  of  fustic 
more  to  orange  tlian  that  of  weld ;  and,  aa 
it  abounds  more  in  colouring  matter,  a  1< 
quantity  will  suffice. 


G 


GABBRO.  The  name  given  by  the 
Italian  artists,  and  by  M.  de  Bucfa,  to  a  rock 
essentially  composed  of  felspar  and  diallage, 
called  by  the  FVench  geologists  Eufhotide, 
which  see. 

GABBRONIT.     ScapoUte. 

GADOLINITE.  Prismatic  gadolinite. 
— "J/oAiT.  Its  colours  are  velvet-black,  and 
black  of  various  shades.  Massiye  and  disse- 
minated. Rarely  crystallized.  Its  primitive 
figure  seems  to  be  an  oblique  four-sided  prism, 
'in  which  the  obtuse  angle  is  nearly  1 10^. 
This  prism  sometimes  occurs  with  six  lateral 
planes.  Lustre  resinous  inclining  to  vitre- 
ous. Fracture  conchoidal.  Very  faintly 
translucent  on  the  thinnest  edges,  and  then 
it  appears  blackish-green.  Harder  than  fd- 
spar,  but  softer  than  quartz.  Streak  green- 
ish-grey. Britde;  difficultiy frangible.  When 
pure  it  does  not  affect  the  magnet.  Sp.  gr. 
4.0  to  4.2.-  It  intumesces  very  much  before 
the  blowpipe,  and  at  length  melts  into  an 
imperfect  slag,  which  is  magnetical.  It 
loses  its  colour  in  nitric  add,  and  gelatinises. 
Its  constituents  ar^  25.8  sUioa,  45  yttria. 


16.69  oxide  of  cerium,  10.26  oxide  of  iron, 
0.60  volatile  mtMer.SerxeHus,  It  occurs 
along  with  yttrotantalite  at  Ytieiby  in  Swe- 
den, in  beds  of  a  coarse  granular  red  felspar, 
which  are  situated  in  mica  slate ;  at  Finbo^ 
near  Fahlun,  also  in  Sweden,  in  a  coarse 
granular  granite,  along  with  pyropbysalite 
and  tin-stone. — Januton, 

GAHNITE.  Automalite  or  octobcdnd 
corundum. 

GALLITZINITE.  Rutile.  An  ore  of 
titanium. 

GALBANUM  exudes  from  the  bubon 
geUbanum.  This  juice  comes  over  in  masses^ 
composed  of  white,  yellowish,  brownish- 
yellow,  and  brown  tears,  unctuous  to  the 
touch,  softening  betwixt  the  fingers;  of  a 
bitterish,  somewhat  acrid,  disagreeable  taste, 
and  a  very  strong  smell ;  generally  full  of 
bits  of  stalks,  leaves,  seeds,  and  other  foreign 
matters* 

Galbanum  contains  more  of  a  resinous 
than  gummy  matter :  one  pound  yields  with 
alcohol  upwsrd  of  nine  ounces  and  a  half  of 
resinous  extract;   but  the  gummy  extract 
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obtaiiuBd  by  water  fttmi  the  Mune  qturndty,' 
amounts  only  to  about  tbree  ounces.  The 
resin  is  baid,  brittle^  insipid,  and  inodorous. 
The  gummy  extract  has  somewhat  of  a  nau- 
seous relish ;  but  could  not  be  distinguished 
to  be  a  preparation  of  galbanum.  The  whole 
smelly  flaTour,  and  specific  taste  of  this  juice, 
reside  in  an  essential  oil,  which  rises  in  dis- 
tillation both  with  water  and  spirit,  and  gives 
a  strong  impregnation  to  both.  From  a 
pound  of  galbanum  are  obtained,  by  distilla- 
tion with  water,  six  drachms  of  actual  oil, 
besides  what  is  retained  by  the  water.  In 
this  respect  galbanum  agrees  with  asafoetida, 
and  differs  from  ammoniacum. 

GALENA.  Native  sulphuret  of  lead. 
See  OtiWqfLead. 

GALL  OF  ANIMAL&     See  Bile. 

GALL-STONES.  Calculous  concretions 
tare  not  unfrequently  formed  in  the  gall-blad- 
der, and  sometimes  occasion  great  pain  in 
their  passage  through  the  ducts  into  the  duo- 
denum, before  they  are  evacuated.  Of  these 
stones  there  are  four  different  kinds. 

L  The  first  has  a  white  colour,  and  when 
broken  presents  crystalline  plates,  or  strias^ 
brilliant  and  white  like  mica,  and  having  a 
soft  greasy  feel.  Sometimes  its  colour  is 
yellow  or  greenish ;  and  it  baa  constantly  a 
nudeuB  of  inspissated  bile.  Its  sp.  gravity 
is  inferior  to  that  of  water :  Gren  found  the 
specific  gravity  of  one  0.803.  When  exposed 
to  a  heat  considerably  greater  than  that  of 
boiling  water,  this  crystallised  calculus  softens 
and  melts,  and  crystaUixes  again  when  the 
temperature  is  lowered.  It  is  altogether  in- 
soluble in  water ;  but  hot  alcohol  dtssolves  it 
with  facility.  Alcohol,  of  the  temperatura 
of  1679,  dissolves  onfr-twentieth  of  its  weight 
of  tliis  substance;  but  ali^ohol  at  the  tem- 
perature of  60°,  scarcely  dissolves  any  of  it. 
As  the  alcohol  cools,  the  matter  is  deposited 
in  brilliant  plates,  resembling  talc  or  boracic 
add.  It  is  soluble  in  oil  of  turpentine. 
When  melted,  it  has  the  appearance  of  oil, 
and' exhales  the  smell  of  melted  wax  :  when 
■suddenly  heated,  it  evaporates  altogether  in 
m  thick  smokew  It  is  soluble  in  pure  alkalis, 
juid  the  solution  has  all  the  properties  of  a 
soap.  Nitric  acid  also  dissolves  it ;  but  it  is 
precipitated  unaltered  by  water. 

This  matter,  which  is  evidently  the  same 
with  the  crystals  Cadet  obtained  from  bile^ 
and  which  he  considered  as  analogous  to 
sugar  of  milk,  has  a  strong  resemblance  to 
spermacetL  Like  that  substance,  it  is  of  an 
oily  nature,  and  inflammable ;  but  it  differs 
from  it  in  a  variety  of  particulars.  Since  it 
is  contained  in  bile^  it  is  not  difficult  to  see 
how  it  may  crystallise  in  the  gall-bladder,  if 
it  happen  to  be  more  abundant  than  usual ; 
and  the  consequence  must  be  a  gall-stone  of 
this  species.  Fourcroy  found  a  quanti^  of 
the  same  substance  in  the  dried  human  liver. 
He  called  it  adipocere. 


2.  The  second  spades  of  biliary  cileulur 

is  of  a  round  or  polygonal  shape^  often  of  m 
grey  colour  externally,  and  brown  within. 
It  is  formed  of  concentric  layers  of  a  matter 
.which  seems  to  be  inspissated  bile;  and  ther» 
is  usually  a  nucleus  of  the  white  crystalline 
matter  at  the  centre.  For  the  most  par^ 
there  are  many  of  this  species  of  calculus  in 
the  gall-bladder  together;  indeed  it  is  fre- 
quently filled  with  them.  The  calculi  be- 
longing to  this  spedes  are  often  light  and 
ftiable^  and  of  a  brownish-red  colour.  The 
gall-stones  of  oxen  used  by  painters  belong 
to  thb  species.     These  are  also  adipocere. 

3.  The  third  spedes  of  calculi  are  most 
numerous  of  all.  Their  colour  is  often  deep 
brown  or  green ;  and,  when  broken,  a  num« 
her  o£  crystals  of  the  substance  resembling 
spermaceti  are  observable,  mixed  with  in- 
spiauted  bile.  The  calculi  belonging  to  these 
three  spedes  are  soluble  in  alkalis,  in  soap 
ley,  in  alcohol,  and  in  oils. 

4.  Concerning  the  fourth  spedes  of  gall- 
stone, very  little  is  known  with  accuracy. 
Dr  Saunders  tells  us,  that  he  has  met  with 
some  gall-stones  insoluble  both  in  alcohol  and 
oil  of  turpentine;  some  of  which  do  not 
iiame,  but  become  red,  and  consume  to  ashes 
like  charcoal.  Haller  quotes  several  examples 
of  similar  calculL  Gall-stones  often  occur 
in  the  inferior  animals,  particularly  in  oowa 
and  hogs ;  but  the  biliary  concretions  of  these 
animals  have  not  hitherto  been  examined  willl 
much  attention. 

Soaps  have  been  proposed  as  solvents  for 
these  calculi.  The  Academy  of  Dijon  has 
published  the  success  of  a  mixture  of  essence 
of  turpentine  and  ether.   See  CaOLBSTfiftiME. 

GALL  OF  GLASS.  Glass  gall,  called 
also  Sandiver.  The  salt  skimmed  off  the 
surfisce  of  glass  while  in  fusion. 

GALLS.  These  are  the  protuberances 
produced  by  the  puncture  of  an  insect  on 
plants  and  trees  of  different  kinds.  Some  of 
them  are  hard,  and  termed  nut-galls ;  others 
are  soft  and  spongy,  and  called  berry-gall% 
or  apple-galls,  "nie  best  are  the  nut-galls  of 
the  oak,  and  those  brought  from  Aleppo  are 
preferred.  These  are  not  smooth  on  the 
purface^  but  tubercular,  small,  and  heavy; 
and  should  have  a  bluish  or  blackish  tinge. 

Deyeux  investigated  the  properties  of  galls 
with  considerable  care ;  and  more  lately  Sir 
H.  Davy  has  examined  the  same  subject. 
The  strongest  infusion  Sir  H.  Davy  could 
obtain  at  569  F.,  by  repeated  inftision  of  dis- 
tiUed  water  on  the  best  Aleppo  galls  broken 
into  small  pieces,  was  of  the  spedfic  gravity 
of  1.068.  400  grains  of  this  infusion,  eva- 
porated at  a  heat  bdow  200^,  left  53  of  solid 
matter,  which  consisted  of  about  0.9  tannin, 
and  0.1  gallic  add,  united  to  a  portion  of 
extractive  matter.  100  grains  of  the  solid 
matter  left,  by  indneration,  nearly  4},  which 
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van  chiefly  cakareoM  matter,  mbed  with  a 
enaU  portico  of  fixed  alkali, 

Firom  600  graint  of  Aleppo  galh  Sir  H. 
Dfeny  obtnnadv  by  infuiion  as  abore,  185 
gnuns  of  soSd  matter,  which,  on  analyaii, . 
appeared  to  oonaist  of  tannin  190  ;  mucilage^ 
and  matter  rendered  ins<duble  by  evaporatioii^ 
18 ;  gallic  acid,  with  a  little  extractive  mat- 
ter, 31 ;  remainder,  calcareous  earth  and  n^ 
line  matter,  12. 

The  use  of  galk  in  dyeing  is  very  exten- 
sive^ and  they  are  one  of  the  prindpiil  ingre* 
dients  in  making  ink.  Powdered  galls  made 
into  an  ointment  with  hog's  lard,  are  a  very 
efficacious  application  in  piles.  They « are 
sometimes  given  internally  as  an  astringent ; 
and  in  the  intermittents,  where  the  bark  has 
ftiled.  The  tubercles,  or  knots,  on  the  roots 
of  young  oaks,  are  said  to  possess  the  same 
properties  as  the  nut-galls,  and  to  be  peodoc- 
cd  in  a  similar  manner. 

For  their  acid,  see  AczD  (Galuc). 

GALVANISM.  The  following  article 
is  Ihiefly  extracted  from  a  paper  which  was 
lasd  by  me  at  the  Glasgow  Uterary  Society, 
Decemiier  10.  1818,  and  published  in  the 
Journal  of  Science  and  the  Arts  of  the  fol- 
lowing January.  I  have  now  sulijoined  a 
few  further  observations,  on  the  application 
of  voltaic  electricity  to  the  resuscitation  of  the 
an^iended  functions  of  life. 

Convulsions  accidentally  observed  in  the 
limbs  of  dead  fttigs,  originally  suggested  to 
Galvani  the  study  of  certain  phenomena, 
which  ifom  him  have  been  styled  Galvanic 
He  ascribed  these  movements  to  an  electriosl 
fiuid  or  power,  innate  in  the  living  frame,  or 
capable  of  being  evolved  by 'it,  which  he  de- 
nominated animal  electricity.  The  Torpedo, 
Gymnoiuif  and  SUurut  Ekctricutf  fish  en- 
dowed wiUi  a  true  electrical  apparatus,  ready 
to  be  called  into  action  by  an  effort  of  their 
will,  were  previously  known  to  the  naturalist, 
and  furnished  plausible  analogies  to  the  phi- 
losopher of  Bologna.  Volta,  to  whom  this 
adence  is  indebted  for  the  most  brilliant  dis- 
coveries on  its  principles,  as  well  as  for  its 
marvellous  apparatus,  justly  called  by  his 
Tiame,  advanced  powerful  arguments  against 
the  hypothesis  of  Galvani.  He  ascribed  the 
muscular  commotions,  and  other  phenomena, 
to  the  excitation  of  common  electricity,  by 
arrangements  previously  unthought  of  by  the 
scientific  woHd-^merely  by  the  mutual  con- 
tact of  dissimilar  bodies,  metals,  charcoal, 
and  animal  matter,  applied  either  to  each 
other,  or  conjoined  with  certain  fluids.  And 
aft  the  present  day,  perhaps  the  only  facta 
wliich  seem  difficult  to  reconcile  with  the 
beautiful  theory  of  electromotion  invented 
by  the  Flavian  professor,  are  some  experi- 
ments of  Aldini,  the  nephew  of  the  original 
discoverer. 

In  these  experiments,  neither  metals  nor 
charcoal  were  employed.      Very  powerful 


mmcolar  contiactiona  aean  to  have  beta 
cited,  in  aome  of  the  experimenta,  by  bria^ 
ing  a  part  of  a  warm-blooded,  aad  of  aoold- 
blooded  animal,  into  contact  with  each  other  ; 
aa  the  nerve  and  muscle  of  a  frog,  with  the 
bloody  flesh  of  the  neck  of  a  newly  decapa- 
tated  ox.  In  other  experiments,  the  nertaa 
and  aauades  of  the  same  animal  seem  to 
have  opeiatcd  Gidvanic  excitation ;  and  agun» 
die  nerve  of  one  animal  acted  with  the  muada 
of  another.  He  deduces  from  hia  experimenta 
an  inference  in  favour  of  his  unde*akypollie» 
sis,  that  a  proper  animal  electricity  is  iuhfunl 
in  the  body,  which  does  not  require  the  a»- 
sistanoe  of  any  external  agent  for  its  dcveiop* 
ment  Should  we  admit  the  reality  of  these 
results,  we  may  perhaps  venture  to  refer  tfacaa 
to  a  principle  analogous  to  Sir  H.  Davy's 
pile,  or  voltaic  circuit,  of  two  4p«Ttmilar  li- 
quids  and  charcoal.  This  part  of  the  suiviect 
is  however  involved  in  deep  obscurity. 

Many  experiments  have  been  perfbnnedf 
in  this  country  and  abroad,  on  the  bodies  of 
criminals,  aoon  afWr  their  execution.  Vaa» 
aali,  Julio,  and  Rossi,  made  an  ample  set  on 
several  bodies  decapitated  at  Turin.  Thc^ 
paid  particular  attention  to  the  eflect  of  gal* 
vanic  electricity  on  the  heart,  and  other  in- 
voluntary muscles ;  a  subject  of  much  pre^ 
vious  controversy.  Volta  asserted,  that  these 
muscles  are  not  at  all  sensible  to  this  dectric 
power.  Fowler  maintained,  that  they  were 
affected ;  but  with  difliculiy,  and  in  a  slight 
degree.  Tliis  opinion  was  confirmed  by 
Vassal!,  who  further  showed,  that  the  mu^les 
of  the  stomad)  and  intestines  mi^it  thus  also 
be  excited.  Aldini,  on  the  contrary,  dedarw 
cd,  that  he  could  not  affect  the  heart  by  his 
most  powerful  galvateic  arrangements. 

Most  of  the  above  experiments  were  how- 
ever made^  either  without  a  voltaic  battery,  or 
with  piles,  f^seble  in  comparison  with  those 
now  employed.  Those  indeed  performed  on 
'the  body  of  a  criminal,  at  Newgate^  in  which 
the  limbs  were  violently  agitated,  the  eyes 
opened  and  shut,  the  mouth  and  jaws  worked 
about,  and  tlie  whole  face  thrown  into  fri^t- 
ful  convulsions,  were  made  by  Aldini,  with, 
I  believe,  a  considerable  series  of  voltaic 
plates. 

A  circumstance  of  the  first  monnent,  in  my 
opinion,  has  been  too  much  overlooked  in 
experiments  of  this  kind,^^at  a  muscular 
mass,  through  which  the  galvanic  energy  is 
directly  transmitted,  exhibits  very  weak  con- 
tractile movements,  in  comparison  with  those 
which  can  be  excited  by  passing  the  influence 
along  the  principal  nerve  of  the  muscle.  In- 
attention to  this  important  distinction,  I  con- 
ceive to  be  the  principal  source  of  the  slender 
effects  hitherto  produced  in  such  experiments 
on  the  heart,  and  other  muscles,  independent 
of  the  will.  It  ought  also  to  be  observed, 
that  too  littie  distinction  has  been  made  be- 
tween the  positive  and  negative  poles  of  the 
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bflMefjj  lluKil^  iImr  are  good  ranons  for 
tupponng,   that  their  powcn  op  miTnlar 

.  Aecatdang  to  Bitter,  the  electricity  of  the 
pontile  pole  augments,  wbUe  the  negative 
4iiiiinishee  the  actions  of  life.  Tiimefactioa 
of  porta  is  produced  by  the  former ;  deprea- 
sicm  by  the  latter.  The  pulse  of  the  hand, 
be  says,  held  a  few  minutes  in  contact  with 
the  positive  pole,  is  strengthened  i  that  of  the 
one  in  contact  with  the  negative  is  enieebled : 
the  former  is  accompanied  with  a  sense  of 
heat ;  the  latter  with  a  feeling  of  coldness. 
Oljects  appear  to  a  positively  electrified  eye^ 
larger,  brighter,  and  red ;  while  to  one  nega- 
tivdy  electri6ed,  they  seem  smaller,  less  dis- 
tinct, and  bluish,— colours  indicating  oppo- 
site extremities  of  the  prismatio  spectrum. 
The  add  and  alkaline  tastes,  when  the  tongue 
is  acted  on  in  succession  by  the  two  electri- 
oilies,  are  well  known,  and  have  been  inge- 
nioasly  accomited  for  by  Sir  H.  Davy  in  his 
admirable  Bakerian  Lectures.  Hie  smell  of 
osymuriatic  acid,  and  of  ammonia,  are  said 
by  Bitter  to  be  the  opposite  odours  excited 
by  the  two  opposite  polei ;  as  a  full  body  of 
sound  and  a  sharp  tone  are  the  corresponding 
•fleets  on  the  ears.  These  experiments  re- 
tfdn  verification. 

.  Omsonant  in  some  respects,  though  not  m 
all,  with  these  statements,  are  the  doctrines 
taogfat  by  a  London  practitioner,  experienced 
in  the  adnnnistration  of  medical  electricity. 
He  affirms,  that  the  influence  of  the  electri- 
cal fluid  of  our  common  machines  in  the  cure 
of  disease,  may  be  referred  to  three  distinct 
heads :  first,  the  form  of  rmfli,  when  project* 
cd  from  a  point  positively  electrified ;  second- 
ly, that  of  a  star,  or  the  negative  fire,  con- 
centred on  a  brass  ball ;  thirdly,  the  Leyden 
explosion.  To  each  of  these  forms  he  assigns 
a  specific  action.  The  first  acts  as  a  sedative^ 
allaying  morbid  activity;  the  second  as  a 
stimulant ;  and  the  last  has  a  deobstruent 
eperation,  in  diq>erBing  chronic  tumours. 
An  ample  narrative  of  cases  is  given  in  con- 
flrmatian  of  these  general  propositions.  My 
«fwn  experience  leads  me  to  suppose,  that  the 
negate  pole  of  a  voltaic  battery  gives  more 
poignant  sensations  than  the  positive. 

But,  unquestionably,  the  most  precise  and 
interesting  researches  on  the  relation  between 
voltaie  electricity  and  the  phenomena  of  life, 
are  tiiose  contained  in  Dr  Wilson  Philip's 
Disoertations  in  the  Fhttosophical  Transae- 
-tions,  aa  well  as  in  Ins  Experimental  Inquiry 
into  the  Laws  of  the  Vital  Functions,  more 
recently  published. 

In  1^  earlier  researches  he  endeavoured  to 
prove,  that  the  circulation  of  the  blood,  and 
the  action  of  the  invohiatary  muscles^  were  in- 
dependent of  the  nervous  influence.  In  a  late 
paper,  read  in  January  1816,  he  showed  the 
immediate  dependence  of  the  secretory  fune- 

tioHs  on  the  nervous  influc«ee« 

•■  I 


IVe  ci|^  pahr  of  nervea  distributed  to  the 

divided  by  indsiona  in  the  necia  of  aeveml 
living  rabbits.  After  the  operation,  the  paisley 
which  they  ate  remained  without  altemtion  in 
their  stomadis ;  and  the  animals,  after  evinc- 
ing much  difficulty  of  breathing,  seemed  to. 
die  of  suffiMsation.  But  vrhen  in  other  rab- 
bits, similariy  treated,  the  galvanic  power  waa 
transmitted  along  the  nerve,  below  its  section, 
to  a  disc  of  silver,  placed  closely  in  contact 
with  the  sidn  of  the  animal,  opposite  to  its 
stomach,  no  difficulty  of  breathing  occurred- 
Hie  voltaic  action  being  kept  up  for  twenty- 
six  hours,  the  rabbits  wete  then  killed,  and 
the  parsley  was  found  in  as  perfecdy  digested 
a  state  as  that  in  healthy  rabbits  fed  at  tha 
same  time ;  and  their  stomachs  evolved  the 
smell  peculiar  to  that  of  a  rabbit  during  di- 
gestion. Hiese  experiments  were  several 
times  repeated  with  similar  results. 

Hence  it  appears  that  the  galvanic  energy 
is  capable  of  supplying  the  place  of  the  nerv- 
ous influence,  so  that,  while  under  it,  the 
stomach,  otherwise  inactive,  digests  food  aa 
usuetU  I  am  not,  however,  willing  to  adopt 
the  conclusion  drawn  by  its  ingenious  author, 
that  the  *'  identity  of  galvanic  electricity  and 
nervous  influence  is  established  by  these  expo* 
riments."  They  cleariy  show  a  remarkaMe 
analogy  between  these  two  powers^  since  the 
one  may  serve  as  a  substitute  for  the  other. 
It  might  possibly  be  urged  by  the  anatomist, 
that  as  the  stomach  is  supplied  by  twigs  of 
other  nerves,  which  communicate  onder  the 
place  of  Dr  Philip's  section  of  thepor  m^imn, 
the  galvanic  fluid  may  operate  merely  as  a 
powerful  stimulus,  exciting  thoseslender  twigs 
to  perform  such  an  increase  of  action  as  may 
compensate  for  the  want  of  the  principal  nerve. 
Hie  above  experiments  were  repeated  ondogs^ 
with  like  results ;  the  battery  never  being  so 
strong  as  to  occasion  painful  shocks. 

The  removal  of  dyspnoea,  as  stated  above^ 
led  him  to  try  galvanism  as  a  remedy  in  asth- 
ma. By  transmitting  its  influence  from  the 
nape  of  the  neck  to  the  pit  of  the  stomach, 
he  gave  decided  relief  in  every  one  of  twenty- 
two  cases,  of  which  fisur  were  in  private  prac- 
tice, and  eighteen  in  the  Worcester  Infirmary. 
The  power  employed  varied  from  ten  to  twei^ 
ty-five  pairs. 

The  general  inferences  deduced  by  him  from 
his  multiplied  experiments  are,  that  voltaic 
electricity  is  capable  of  effecting  the  formation 
of  tiie  secreted  fluids  when  applied  to  the  blood , 
in  the  same  way  in  which  the  nervous  influ- 
ence is  applied  to  it ;  and  that  it  is  capable 
of  occasioning  an  evolution  of  caloric  from 
arterial  blood.  When  the  lungs  are  deprived 
of  the  nervous  influence,  by  which  their  func- 
tion is  impeded,  and  even  destroyed ;  when 
digestion  » interrupted,  by  withdrawing  this 
influence  from  the  stomach ;  these  two  vital 
functions  are  renewed  by  exposing  tiicm  to 


GAhVAStSM.  460  GALVANISM. 


dteittfliieiieeofagalTMiictioiigli.  '^Hcnce**'  meAed;  and  lliere  wm  nodidoatiooofliii' 

—jB  bc^  **gMTMiitfli  igwm  cipablc  of  pCTluiu^  Deck* 

ing  all  the  fanctioin  of  the  nerroiu  influenoe  Dr  Jcfiny,  tlia  cKsringnwhed  profcMm  of 
in  the  Boinial  economy ;  but  obTUNuiy  it  can-  anatomy,  haTing  on  the  preceding  day  te- 
not  escite  the  functioos  of  animal  life,  unleM  queued  me  to  perform  tbc  galTanic  ezperi* 
when  acting  on  parti  endowed  with  the  !£▼-  ment%  I  lent  to  his  theatre  with  thb  vieW| 
ing  principle."  next  morning,  my  minor  voltaic  battery,  con- 
Tfaeie  results  of  Dr  Philip  have  been  re*  sisting  of  270  pairs  of  four  inch  platei^  with 
oently  confirmed  by  Dr  Clnke  Abel,  of  wires  of  communication,  and  pointed  me- 
Brigbton,  who  employed,  in  one  of  the  repe-  tallic  rods  with  inswiating  handles,  for  the 
titions  of  the  experiments,  a  comparatiTely  more  commodious  application  of  the  electric 
small,  and  in  the  other  a  considerable  degree  power.  About  five  minutes  before  the  police 
of  galvanism.  In  the  former,  although  the  officers  arrived  with  the  body,  the  battery  was 
galvanism  was  not  of  sufficient  power  to  oc-  charged  with  a  dilute  nitro-sulphuric  T'd, 
CBsion  evident  digeition  of  the  food,  yet  the  which  speedily  brought  it  into  a  state  of  in- 
efforts  to  vomit,  and  the  difficulty  of  breath-  tense  action.  Ihe  disaections  were  skOfulIy 
ing,  constant  effects  of  dividing  the  eighth  executed  by  Mr  Marshall,  under  the  super- 
pair  of  nerves,  were  prevented  by  it.     These  intendence  of  the  profc 


symptoms  recurred  when  it  was  discontinued,         Exp.  1.   A  large  incision  was  made  into 
Mid  vanished  on  its  reapplication.     *'  The  re-     the  nape  of  the  neck,  close  below  the  occtpa^i 


spiration  of  the  animal,"  he  observes,  **  con-  The  posterior  half  of  the  atiat  vertebra 
tintied  quite  free  during  the  experiment,  ex-  then  removed  by  bone  forceps,  when  the  wpU 
oept  when  the  ditengagement  of  the  nerves  nal  marrow  was  brought  into  riew.  A  pn>- 
from  the  tin-foil  rendered  a  short  suspension  Ana  flow  of  liquid^  blood  gushed  from  the 
of  the  galvanism  necessary  during  their  re-  wound,  inundating  the  floor.  A  considerable 
adjustment.'*  **  The  non-galvanised  nbbit  incision  was  at  t^  same  time  made  in  the 
breathed  with  difficulty,  wheeled  audibly,  and  left  hip,  through  the  great  gluteal  musde^  bo 
made  frequent  attempts  to  vomit.*'  In  the  as  to  bring  the  sciatic  nerve  into  sight ;  and 
latter  experiment,  in  which  the  greater  power  a  small  cut  was  made  in  the  heeL  From 
of  galvanism  was  employed,  digestion  went  neither  of  tliese  did  any  blood  flow.  The 
on  as  in  Dr  Philip's  experiments.— 'Jbunt*  pointed  rod  connected  with  one  end  of  the 
8e*  ix.  battery  was  now  placed  in  contact  with  the 
M.  Oallois,  an  eminent  FVencb  physiologist,  spinal  marrow,  while  the  other  rod  was  ap- 
had  endeavoured  to  prove  that  the  motion  of  plied  to  the  sciatic  nerve.  Every  muscle  of 
the  heart  depends  entirely  upon  the  spinal  the  body  was  immediatdy  agitated  with  con- 
marrow,  and  immediately  ceases  when  the  vulsive  movements,  resembling  a  violent 
Bpinal  marrow  is  removed  or  destroyed.  Dr  shuddering  from  cold.  The  left  side  waa 
Philip  appears  to  have  refuted  this  notion  by  most  powerfully  convulsed  at  each  renewal 
the  following  experimenta.     Rabbiti  were  of  the  electric  contact.     Oa  moring  the 


rendered  insensible  by  a  blow  on  the  ocdput ;  cond  rod  ftrom  the  hip  to  the  heel,  the  knee 

the  spinal  marrow  and  brain  were  then  re^  being  preriously  bent,  the  leg  was  thrown 

moved,  and  the  respiration  kept  up  by  arti-  out  with  such  violence  as  nearly  to  overturn 

flcial  means;— i4he  motion  of  the  hesrt,  and  the  one  of  the  assistants,  who  in  vain  attempted 

circulation,  were  carried  on  as  usuaL    When  to  prevent  its  extension, 
spirit  of  wine^  or  opium,  was  applied  to  the         Esp.  2,  The  left  phrenic  nerve  was  now 

spinal  marrow  or  brain,  the  rate  of  the  circu-  laid  bare  at  the  outer  edge  of  the  tiemotky' 

lation  was  accelerated.  roideua  muscle,  from  three  to  four  inches 

These  general  physiological  views  will  serve,  above  tlie  clavicle;    the  cutaneous  infisiffli 

I  hope,  as  no  inappropriate  introduction  to  having  been  made  by  the  side  of  the  stcmo- 

the  detsil  of  the  galvanic  phenomena  exhibit-  cleido-masioideus.    Since  this  nerve  is  distri- 

ed  here,  on  the  4th  of  November,  in  the  bo-  buted  to  the  diaphragm,  and  since  it  conomu- 

dy  of  the  murderer  Clydesdale;  and  they  may  nicates  with  the  heart  through  the  eighth  pair, 

probably  guide  lis  to  some  valuable  practical  it  was  expected,  by  transmitting  the  galvanic 

inferences.  power  along  it,  that  the  respiratory  process 

The  subject  oC  these  experiments  was  a  ,  would  be  renewed.     Accordingly,  a  small 

middle-sised,  athletic,  and  extremdy  muscular  incision  having  been  made  under  the  carti- 

man,  about  thirty  yean  of  age.     He  was  sua-  lage  of  the  seventh  rib,  the  point  of  the  one 

pended  from  the  gsllows  nearly  an  hour,  and  insulating  rod  was  brought  into  contact  with 

made  no  convulsive  struggle  after  he  drop-  tlie  great  head  of  the  diaphragm,  while  the 

ped ;  while  a  thief,  executed  along  with  him,  other  point  was  applied  to  the  phrenic  nerve 

was  violently  agitated  for  a  considerable  time,  in  the  neck.     This  muscle^  the  main  agent 

He  was  brought  to  the  anatomical  theatre  of  of  respiration,  was  instantly  contracted,  but 

our  university  in  about  ten  minutes  after  with  less  force  than  was  expected.     Satisfied^ 

he  was  cut  down.     His  face  had  a  perfect-  from  ample  experience  on  die  living  bod  j, 

ly  natural  aspect,  being  neither  lirid  or  to-  that  mom  powerful  effects  can  be  produced 
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in  galvwue  nctlatioii,  by  leaviQg  the  eztrem«  lit  ddHberaiiiig  oq  the  above  galttoic  phe- 

coomiimicatiiig  rods  in  cloee  coDtact  with  the  nomenm  we  are  tlmoft  willing  to  inu^gine^ 

parti  to  be  operated  oui  while  the  electrie  that  if,  without  cutting  into  and  wouoding 

chain  or  circuit  is  completed  by  running  the  the  spinal  marrow  and  blood-vessels  io  the 

end  of  the  wires  along  the  top  of  the  platee  neek,  the  pulmonary  organs  had  been  set  a-> 

IB  the  laet  trough  of  either  pole,  the  other  playing  at  first,  (aa  I  proposed),  by  electri* 

wore  being  steadily  immersed  in  the  last  cell  ^ng  the  phrenic  nerve^  (which  may  be  done 

of  the  opposite  pole,  I  had  Immediate  re>  without  any  dangerous  incision),  there  is  a 

comee  to  this  method,     llie  success  of  it  probability  that  iSe  might  have  been  restored* 

was  truly  wooderfuU     Full,  nay,  laborious  This  event,  however  little  desirable  with  a 

breathing,  instantly  commenoed.     The  chest  murderer,  and  perhaps  contrary  to  law,  would 

heaved,  and  ftU ;  the  belly  was  protruded,  yet  have  been  pardonable  in  one  instance,  as 

and  again  collapsed,  with  the  relaxing  and  it  would  have  been  highly  honourable  and 

retiring  diaphragm.     This  procesa  was  con*  useful  to  sdenceb     From  the  accurate  expe- 

tinned,  without  interruption,  as  long  as  I  riments  of  Dr  Philip  it  appears,  that  the  ac» 

continued  the  electric  discharges.  tion  of  the  diaphragm  and  lungs  is  indiqieoo 

In  the  judgment  of  many  scientific  gentle-  sable  towards  restoring  the  suspended  action 

men  who  witnessed  the  scenes  this  respiratory  of  the  heart  and  great  vessels*  subservient  to 

experiment  was  perhaps  the  most  striking  the  circulation  of  the  Uood, 

ever  made  with  a  phUoifophical  apparatus.  It  is  known,  that  oases  of  death-like  letb- 

JjH  it  also  be  remembered,  that,  for  fiill  half  aigy,  or  suspended  animation,  from  disease 

an  boor  before  this  period,  the  body  had  been  and  aoddenta^  have  oceurred,  where  life  has 

well  nigh  drained  of  its  blood,  and  the  spinal  returned  after  longer  interruption  of  its  func- 

marrow  severely  lacerated.     No  pulsation  tions  than  in  the  subject  of  the  preceding 

could  be  perceived  meanwhile  at  the  heart  experiments.     It  is  probable,  when  apparent 

or  vnist;  but  it  may  be  supposed,  that  but  death  supervenes  irom  suffocation  with  noxi« 

ibr  the  evacuation  of,  the  bloodi--  the  easen-  ous  gases,  &c.  and  when  there  is  no  oiganic 

tial  stimulus  of  that  organ,— this  pbenomew  lerion,  that  a  judiciously  directed  galvanic  ex* 

Bon  might  alao  have  occurred.  pcriment  will,  if  any  Aing  will^  restore  the 

&p.  3.  Hie  supra-oriHtal  nerve  was  laid  activity  of  the  vital  functiona.     The  plans  of 

bare  in  the  forehead,  as  it  issues  through  the  administering  voltaic  electricity  hitherto  pur* 

wpnMaliary  firameih  in  the  eyebrow :  the  sued  in  such  cases  are,  in  my  humble  appr»> 

Due  conducting  rod  being  applied  to  it,  and  benaion,  very  defective.     No  advantage^  we 

the  other  to  the  heel,  dmnI  extraordinary  gri-  perceive,  is  likely  to  accrue  from  paasing 

maces  were  exhibited  every  time  that  the  electric  diachaigea  across  the  chest,  directly 

dnctaric  diacharges  were  made,  by  running  through  the  heart  and  lungs.     On  the  prinr 

the  wire  in  my  band  along  the  edges  of  the  ciples  so  well  developed  bf  X)r  Philip,  and 

last  trough,  from  the  2'^th  to  the  270th  pair  now  illustrated  on   Clydeadale's  body,  we 

«f  plates:  tbua  fifty  shocks,  each  greater  than  should  transmit  along  the  channel  of  the 

the  preoeding  one,  were  given  in  two  seconds,  nerves,  that  substitute  for  nervous  influence^ 

£very  muscle  in  bis  countenance  was  simul-  or  Uwt  power  which  may  perchanee  awaken 

taneottsly  thrown  into  fearful  action ;  rage,  i^  dormant  fiM!ultiea.      Then,  indeed,  fair 

botror,  despair,  anguish,  and  ghastly  smiles^  hopes  may  be  fonned  of  deriving  extensive 

tmiied  their  hideous  expression  in  the  mv-  benefit  from  galvanism ;  and  of  raising  this 

4er«r*s  face,  surpaasing  far  the  wildest  repre-  wonderful  agent  to  its  expected  rank  among 

eematiooe  of  a  Fuseli  or  a  Kean.      At  this  the  ministen  of  health  and  life  to  man, 

period  aeveral  of  the  spectators  were  fcnrced  I  would,  however,  beg  leave  to  suggest 

to  leave  the  apartment  from  terror  or  sickness,  another  nervous  channel,  which  I  conceive  to 

and  one  gentleman  fainted.  be  a  still  readier  and  more  powerful  one^  to 

Exp,  Ah  The  last  galvanic  experiment  con-  the  action  of  the  heart  and  lungs,  than  the 

aisted  in  transmitting  the  electric  power  from  phrenic  nerve.     If  a  longitudinal  incision  be 

the  spinal  marrow  to  the  ulnar  nerve,  as  it  made,  as  is  frequently  done  for  aneurian^ 


by  the  internal  condyle  at  the  elbow  i  through  the  integuments  of  the  neck  at  the 

the  fingers  now  moved  nimbly  like  those  of  outer  edge  of  the  «<emo.ma«/oufei(«  muacle^ 

«  violin  performer;  an  assistant,  who  tried  about  half  way  between  the  clavicle  and  angle 

to  close  the  fist,  found  the  hand  to  open  finw  of  the  lower  jaw ;  then,  on  turning  over  the 

cibly  IB  spite  of  his  efibrts.     When  the  one  edge  of  this  muscle^  we  bring  into  view  the 

rod  waa  applied  to  a  slight  indaibn  in  the  tip  throbbing  carotid,  on  the  outside  of  which  the 

of  the  fore-finger,  the  fist  being  previously  par  vagum  and  great  sympathetic  nerve  lie 

denched,  that  finger  extended  instantfy;  and,  together  in  one  sheath.     Here^  therefore^ 

from  the  convulsive  agltatioB  of  the  arm,  he  they  may  both  be  directly  touched  and  presa- 

eeemed  to  point  to  the  different  spectators)  ed  by  a  blunt  metallic  conductor.     Ibese 

■oroe  of  whoaa  thought  he  had  come  to  life,  nerves  conununieate  directly,  or  indirectly, 

About  an  hour  waa  spent  in  these  opera*  with  the  phrenic ;  and  the  superficial  nerve 

tlona,  of  the  heart  is  sent  off  from  the  sympathetic. 

Hh 
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.  Should,  bowfcr,  Oc  pfaRnic  Mrve  be  that  comaetttA  with  die  capper  eoA,  wm  tfbii 

taken,  that  of  the  left fldek  the prercraUe  wfaadi  J  applied  to  the  anncln.     ThvMa 

pi  the  two.     From  the  poatioo  of  the  beartt  antler  of  primarf  impoetance^  at  the  follow- 

-the  left  pinrcDic  diffien  a  little  In  its  oouiae  ing  expetiiuenti  will  prave. 
irom  the  n^bt.     It  paaect  orer  the  pericar-         Rnepaie  the  poeterior  Gauba  of  a  frog  tat 

diumi  coTcriog  tiie  apex  of  the  heart.  Tohaic  dectxixatioD,  leating  the  cnml  ncrres 

While  the  point  of  one  metallic  condoctar  ooonected,  at  usual,  to  a  detached  portioa  of 

if  applied  to  the  nenrous  eoids  above  de-  the  spine.     When  the  cxcitabilitj  has  be* 

scribed,  the  other  knob  ought  to  be  linnlj  come  neariy  exhausted,  plunge  the  limbs  into 

presied  against  the  side  of  the  perHm,  immo-  the  water  of  one  wine  glass,  and  the  crunl 

diately  under  the  cartilage  of  the  serenlli  rib.  nerves  with  their  pendent  portion  of  spine 

The  skin  should  be  moi^ened  with  a  solution  into  that  of  the  other.    Tbe  edges  of  the  two 

of  common  salt,  or  what  is  better,  a  hot  sa-  glasses  should  be  almost  in  contacL     Tben 

turated  solutioo  of  sal  ammoniac,  by  which  taking  a  rod  of  sine  in  one  hand,  and  a  rod 

means  the  electric  energy  will  be  more  effec-  of  silver  (or  a  aihrer  tea  spoon)  in  the  other, 

tnally  conveyed  tbrough  the  cutide^  so  as  to  plunge  the  former  into  the  water  of  the  limAiS'* 

complete  the  voltaic  chain.  gla>%  and  the  latter  into  that  of  the  nerves* 

To  lay  bare  tbe  nerves  above  described,  re-  glass  without  touching  the  frog  itself,  and 

quires,  as  I  have  stated,  no  formidable  inci-  gently  strike  the  dry  parts  of  the  bright  me* 

sion,  nor  does  it  demand  more  anatomical  tals  together.     Feeble  convufaive  moveuMots, 

skill,  or  surgical  dexterity,  than  every  practi-  or  mere  twitching  of  the  fibres  will  be  pcr- 

tioner  oi  the  healing  art  ought  to  possess,  ceived  at  every  contact.     Reverse  now  the 

We  should  always  bear  in  mind,  that  the  sub-  position  of  tlie  metallic  rods,  that  is,  plunge 

ject  of  experiment  b  at  least  insensible  to  the  zinc  into  the  nerves'  glass,  and  the  silver 

pain ;  and  that  life  is  at  stake,  perhaps  ixre-  into  the  other.     On  renewing  the  contact  of 

coverably  gone.     And  assuredly,  if  we  place  the  dry  surfaces  of  the  metal  now,  very  lively 

the  risk  and  difficulty  of  the  operation  in  convulsions  will  take  place ;  and  if  tbe  limbs 

competition  with  the  blessings  and  glory  coo-  are  skilfully  disposed  in  a  narrowish  conical 

sequent  on  success,  they  will  weigh  as  no-  glass,  they  will  probably  spring  out  to  some 

thing  with  the  intelligent  and  humane.     It  distance.     This  interesting  experiment  may 

is   possible^   indeed,  that  two  small  brass  be  agreeably  varied  in  the  following  way, 

kndbs,  covered  with  cloth  moistened  with  with  an  assistant  operator:  Let  that  peraoa 

solution  of  sal  ammoniac,  pressed  above  and  seise,  in  the  moist  fingers  of  his  left  hand, 

below,  on  the  place  of  the  nerve  and  the  the  spine  and  nervous  cords  of  the  prepared 

diaphragmatie  region,  may  suffice^  without  frog ;  and  in  those  of  the  right  hand,  a  silver 

any  surgical  operstion :  It  may  first  be  tried,  rod ;  and  let  the  other  person  lay  hold  of  one 

Imitoersion  of  the  body  in  cold  water  ac-  of  tbe  limbs  with  his  right  hand,  while  he 

celerates  greatly  the  extinction  of  life  arising  holds  a  sine  rod  in  the  moist  fingers  of  the 

from  suffocation ;  and  hence  less  hope  need  left.    On  making  the  metallic  contact,  feeble 

be  entertained  of  recovering  drowned  persons  convulsive  twitchings  will  be  perceived,  ai 

after  a  considerBble  interval,  than  when  the  before.     Holding  still  tbe  frog  as  above^  let 

vital  beat  has  been  suffered  to  contipue  with  them  merely  ex<^nge  the  pieces  of  metaL 

little  abatement.    None  of  tbe  ordinary  prac-  On  renewing  the  contacts  now,  lively  move- 

tices  judiciously  enjoined  by  the  Humane  ments  will  take  place,  which  become  very 

Aiciety  should  ever  on  such  occasions  be  ne-  conspicuous,  if  one  limb  be  held  nearly  hori* 

glected.     For  it  is  surely  culpable  to  spare  zontal,  while  the  other  hangs  ftvely  d<mn. 

any  pains  which  may  contribute,  in  tbe  slight-  At  each  touch  of  the  voltaic  pair,  the  droop- 

cst  degree,  to  recall  the  fleeting  breath  of  ing  limb  will  start  up,  and  strike  the  band  of 

man  to  its  cherished  mansion.  tbe  experimenter. 

My  attention  has  been  again  particularly  It  is  evident,  therefore,  that  for  tbe  pur- 
directed  to  this  interesting  subject,  by  a  very  poses  of  resuscitating  dormant  irritabili^  of 
nattering  letter  which  I  lately  received  from  nerves,  or  contractility  of  their  subordinate 
tbe  learned  Secretary  of  tbe  Royal  Hunume  muscles,  the  positive  pole  must  be  applied  to 
Society.  the  former,  and  the  negative  to  the  latter.     I 

In  the  precedingaccount  I  had  accidentally  need  scarcely  suggest,  that  to  make  the  above 

omitted  to  state  a  very  essential  circumstance  experiments  analogous  to  the  condition  of  n 

relative  to  the  electrization  of  Clydesdale,  warm-blooded  animal,  apparently  dead,  the 

Hie  paper  indeed  was  very  rapidly  written,  at  frog  must  have  iu  excessive  voltaic  sensibility 

tbe  busiest  period  ofmy  public  prelections,  to  considerably  blunted,  and  brought  near  the 

be  presentMl  to  tbe  Society  as  a  substitute  for  standard  of  the  hitter,  before  beginning  the 

Che  essay  of  an  absent  friend,  and  was  sent  off  experiments ;  otherwise  that  animal  electro- 

io  London  the  morning  after  it  was  read.  scope,  incomparably  more  delicate  than  tbe 

Tbe  positive  pole  or  wire  connected  with  gold  leaf  condenser,  will  give  very  decided 

the  zinc  end  of  the  battery,  was  that  which  I  convulsions  with  either  pole, 
applied,  to.  the  nerve ;  and  -the  negative,  or         At  the  conclusion  of  the  article  Colorie»  I 
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Iiste  taken  the  liberty  .of  suggesting  some 
siaiple  and  ready  methods  of  supplying 
warmth  to  the  body  of  a  drowned  person. 

GAMBOGE  is  a  ooncrete  vegetable  juice^ 
the  produce  of  two  trees,  both  called  by  tlie 
Indians  caracapulli  (gambogia  gutta,  Lin.), 
and  is  partly  of  a  gummy  and  partly  of  a  re- 
ainoos  nature.  It  is  brought  to  us  either 
m  the  form  of  orbicular  masses,  or  of  cylin- 
diieal  rolls  of  various  sixes ;  and  is  of  a  denser 
compact,  and  firm  texture,  and  of  a  beauti- 
ful 3reUow.  It  is  chiefly  brought  to  us  from 
Cambaja,  in  the  East  Indies,  called  also 
Cambodja,  and  Cambogia ;  and  hence  it  has 
obtained  its  name  of  cambadium,  cambogi- 
Mm,  garobogium. 

It  is  a  very  rough  and  strong  purge ;  it 
•perates  tx>th  by  vomit  and  stool,  and  both 
ways  with  much  violence,  almost  in  the  in- 
stant in  which  it  is  swallowed,  1)ut  yet,  as  it 
is  said,  without  griping.  The  dose  is  from 
two  to  four  grains  as  a  cathartic ;  from  four 
to  eight  grains  prove  emetic  and  purgative. 
Ae  roughness  of  its  operation  is  diminished 
by  giving  it  in  a  liquid  form  sufficiently  di- 
luted. 

This  gum  resin  is  soluble  both  .in  water 
and  in  alcohol.  Alkaline  solutions  possess 
a  deep  red  colour,  and  pass  the  filter.  Dr 
licwis  informs  us,  that  it  gives  a  beautiful 
and  dundl>le  citron-yellow  stain  to  marble, 
whether  rubbed  in  substance  on  the  hot  stone, 
or  applied,  as  dragon's  blood  sometimes  is,  in 
Ibrm  of  a  spirituous  tincture.  When  it  is  ap- 
i^ied  on  cold  marble,  the  stone  is  afterwards 
to  be  heated  to  make  the  colour  penetrate. 

It  is  chiefly  used  as  a  pigment  in  water 
colours,  but  does  not  stand. 

According  to  M.  Braconnot,  it  consists  in 
1 00  parts  of  20  gum  and  80  resin.— ^ha.  de 
Ckim,  Ixviii.  36. 

GANGUE.  Hie  stones  which  fiU  the 
cavities  that  form  the  veins  of  metals  are 
called  the  gangue,  or  matrix  of  the  ore. 
.  GARNET.  Phtfessor  Jameson  divides 
this  mineral  genus  into  3  species,  the  pyrom 
midal  garnet,  dodecakedral  garnet,  and  ;>rtj- 
matie  garnet 

I.  Pyramidal  contains  3  sub-species,  Ve- 
tuvian,  Egeran,  and  Gehlenite,  which  see. 
.  II.  Dodecaliedral  garnet  contains  9  sub- 
species. ].  Pyreneite.  2.  Grossulare.  3. 
Melanite.  4.  Pyrope.  5.  Garnet  6.  AU 
lochroitfe  7.  Colopbonite.  8.  Cinnamon- 
stone.     9.  Helvin. 

III.  Prismatic  garnet ;  the  grenatite. 

We  shall  treat  here  only  of  the  garnet 
proper.  Of  this  sub-species  we  have  two 
kinds,  the  precious  and  common. 

Prttious  wr  noble  garnet.  Colours  dark 
red,  falling  into  blue.  Seldom  massive,  some- 
times disseminated,  tnost  commonly  in  round- 
ish grains,  and  crystallised.  1.  In  the  rhom- 
boidal  dodecahedron,  which  is  the  pripiitive 
form;  2.  Ditto  trpncated  on  all  the  c^ges ; 


3.  Acute  double  etght-aidedpynunidj  and,.4. 
Rectangular  ibur«ided  prism.  The  surface 
of  the  grains  is  generally  .rough,  uneven,  or 
granul^ed;  that  of  the  crystals  is  always 
smooth.  Lustre  externally  glistening;  in- 
ternally shining,  bordering  on  splendent 
Fracture  conchoidaL  Sometimes  it  occurs 
in  lamellar  distinct  concretions.  T^ransparent 
or  translucent  Refracts  single.  Scratches 
quartz,  but  not  topas.  Brittle.  Rather  dif- 
ficultly frangible.  Sp.  gr.  4.0  to  4.2.  Its 
constituents  are,  silica  39.66,  alumina  19.66» 
black  oxide  of  iron  39.68,  oxide  of  manga- 
nese 1.80.— >J9ct'««A'u«.  Before  the  blowpipe, 
it  fuses  into  a  black  enamel,  or  scoria.  It 
occurs  imbedded  in  primitive  rocks  and  pri- 
mitive metalliferons  beds.  It  is  found  in 
various  northern  counties  in  Scotbnd;  in. 
Norway,  Lapland,  Sweden,  Saxony,  France 
&C.  It  is  cut  for  ring-stones.  Coarse  gar- 
nets are  used  as  emery  for  polishing  metals. 
The  following  vitreous  composition  imitates 
the  garnet  very  closely : — 

Purest  white  glass,  2  ounces 

Glass  of  antimony,  1  ounce 

Powder  of  Cassius,  1  grain 

Manganese,  1  grain.— Jbin^jon.- 

Hie  garnets  of  Pegu  are  most  highly 
valued. 

Common  garnet.  Brown  and  green  are  its 
most  common  colours.  Massive,  but  never 
in  grains  or  angular  pieces.  Sometimes  cryi^ 
talOsed,  and  possesses  all  the  forms  of  the 
precious  garnet  Lustre  shining  or  glisten^ 
iog.  Fracture  fine-grained,  uneven.  More 
or  less  translucent;  the  black  kind  nearly 
opaque.  It  is  a  little  softer  than  precioua 
garnet  Rather  difficultly  frangible.  Sp.  gr. 
3.7.  Before  the  blowpipe  it  melts  more  easi- 
ly than  precious  garnet.  Its  constituents 
are,  38  silica,  20.6  alumina,  31.6  lime,  10.5 
iron. —  Fatigueiitt.  It  occurs  massive  or  cry». 
taUizod  in  drusy  cavities,  in  beds,  in  mica« 
slate,  in  clay-slate,  chlorite^slate,  and  prinu- 
tive  trap.  It  is  found  at  Kihanelagh  and 
Donegal  in  Ireland ;  at  Arendal  and  Dram- 
men  in  Norway,  and  in  many  other  countries^ 
On  account  of  its  easy  fusibility  and  richness 
in  irou,  it  is  frequently  employed  as  a  flux  in 
smelting  rich  iron  ores.  It  is  sometimes  us«d 
instead  of  emery  by  lapidaries.— >/amtfson. 

GARNET  (RESINOUS).  The  mine- 
ral called  Colopkonite, 

GARNET-BLENDE,     OB     ZINC- 
BLEN  DE.     A  sulphuret  of  sine. 

GAS.  This  name  is  given  to  all  penna- 
nently  clastic  fluids,  simple  or  compound* 
except  the  atmosphere,  to  which  the  term  Air 
is  appropriated. 

T\m  solid  state  is  that  in  whid^  by  the 
predominance  of  the  attractive  forces  the 
particles  are  condensed  into  a  coherent  aggre, 
gate :  the  gaseous  state  is  that  in  which  the 
repulsive  forces  have  acquired  the  ascendency 
over  the  attractive ;  and  the  liquid  conditiQo 
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repiMonU  theequilitjriiMa  of  thaw  two  powi 
Vapoun  are  elMtic  fluids,  which  have  no  paw 
iMnence;  nxice a modentereductioo  of  tem- 
perature cauMB  them  to  aaiume  the  liquid  or 
aolid  aggregatioiu 

Cobeaive  attractioii  among  homogeneous 
particles  is  the  great  antagonist  to  rhwniral 
affinity,  the  atiTROtion  of  composition,  the 
forte  which  tends  to  Ining  into  intimate 
union  heterogeneous  particles.  Hence  the 
juxtaposition  of  two  solids,  of  a  solid  and  a 
liquid,  or  eren  of  two  liquids,  may  nerer  do-- 
termine  their  chemical  combination,  however 
strong  their  reciprooal  affinity  shall  be. 

In  the  case  of  two  liquids,  or  a  liquid  and 
%  solid,  mere  juxtaposition  requires  that  the 
denser  body  be  undermoat,  and  that  no  dis- 
engagement of  gas,  or  external  vibration, 
agiute  the  surfaces  in  contacL  Hence  those 
world  framers,  who  ascribe  the  saltness  of 
the  sea  to  supposed  beds  of  rock  salt  at  its 
bottom,  have  still  the  phenomenon  of  the 
strong  impregnation  of  the  surftuse  to  ex- 
plain ;  for  the  profound  tranquillity  which  is 
known  to  reign  at  very  moderate  deptiis  in 
this  mighty  mass,  would  for  ever  prevent  the 
diffusion  of  the  saturated  brine  below  among 
the  light  waters  above.  Or  if  this  tranquillity 
be  disputed,  then  progressive  density  from 
above  downwards  should  be  ibund,  and  con- 
tinually increasing  impregnation.  Now  none 
of  these  results  has  occurred.  But  with 
gases  in  contact,  there  is  no  obstacle*  from 
cohesive  attraction,  to  the  exertion  of  their 
reciprocal  affinities.  Hence^  however  feeble 
these  may  be,  they  never  fail,  sooner  or  later, 
to  cause  an  intimate  mixture  of  different 
gases,  in  which  the  ultimate  particles  approach 
within  the  limit  corresponding  to  their  reci- 
procal action.  The  difference  of  density  may 
delay,  but  cannot  prevent,  uniform  difflision* 
Thus  we  see  that  known  powers  can  account 
fbr  the  phenomena.  Tliere  is  no  need, 
therefore,  of  having  recourse  to  the  curious 
hypothesis  of  Mr  Dalton,  that  one  gas  is  a 
neutral  unresisting  void  with  regard  to  ano- 
ther, into  which  it  will  rush  by  its  innate 
expansive  force.  But  of  this  notion  suffi- 
cient notice  has  been  taken  in  the  article 
Asa  (Atmospheric). 

The  principle  of  gaseous  combination,  first 
broached  in  the  neglected  treatise  of  Mr 
Higgins,  but  since  developed  with  consum- 
mate sagacity  from  the  original  researches  of 
M.  Gay  Lunac,  has  thrown  a  new  light  on 
pneumatic  chemistry,  which  has  been  reflect- 
ed into  all  its  mysterious  departments  of 
■mmal  and  vegetable  analysis.  Having  given 
the  details  under  the  article  Equivalents 
{Chemical)y  we  shall  merely  state  in  this 
places  that  the  combinations  ai  gaaeous  bo- 
dies are  always  effected  in  simple  ratios  of 
the  volumes ;  so  that  if  we  represent  one  of 
the  terms  by  unity,  or  i,  (l>e  other  is  1,  2, 
or  at  most  3.     'Hiim  ammoniacal  gas  nen* 


traliaes  exactly  a  volume  equal  to  its 
of  the  gaseous  adds,  it  is  hence  probobk^ 
that  if  the  alkalis  and  adds  were  in  the  elas- 
tic state,  they  would  all  combiiie,  each  in 
equal  volume  with  another,  to  produce  neutral 
salts.  Hie  capadty  of  saturation  of  the  adds 
and  alkalis,  measured  by  volumes,  would 
then  be  the  same;  and  perhaps  this  would 
be  the  best  manner  of  eatimatioB.  In  the 
Cbllowing  tables  of  gaseous  combinatian,  bo- 
dies naturally  in  the  solid  states  like  snlphar, 
carbon,  and  iodine^  will  be  relierred  to  thdr 
gaseous  densities,  or  the  bulks  whidi  they 
occupy  relative  to  their  wdgfats,  when  dif- 
iiised  by  a  chemical  oombinatiQn  among  tlie 
particles  of  a  permanently  elastic  fluid.  Ibis 
view  of  the  subject,  first  introduced  by  M. 
Gay  Lussac,  and  happily  exemplified  in  hi^ 
exrallent  memoir  on  iodine,  will  aimplily  our 
representation  of  many  compounds.  Finally, 
the  apparent  contractions  or  oondensatioQs  of 
volume  which  gases  suffer  by  tbdr  redpro- 
cal  affinity,  have  also  simple  ratios  vritfa  the 
volume  of  one  of  them ;  a  piopeity  peculiar 
to  gaseous  bodies.  We  shall  distribute  under 
the  following  heads  our  general  observatioBa 
on  gases.  1.  Tabular  views  of  Che  densities 
and  combining  ratioa  of  the  gaaes.  2.  A 
description  of  their  genend  hahittides  with, 
solids  and  tiquids.  3.  An  account  of  the 
prindpal  modes  of  analysing  gaaeous  mix- 
tures. 4.  Of  gasometry,  or  the  measurement 
of  the  density  and  vbhune  of  gaaes. 

I.  We  are  indebted  to  I>r  IVout  for  aa 
able  memoir  on  the  relation  between  the 
spedfic  gravities  of  bodies  in  their  gaseous 
state,  and  the  weights  of  their  atoms,  or  prime 
equivalents,  inserted  in  the  sixth  volume  of 
die  Annals  of  Fhiloeophy.  His  observa- 
tions are  founded  on  M.  Gay  Lussac's  doe- 
trine  of  volumes.  Dr  Front  conddera  at* 
mospheric  air  as  a  chemical  compound* 
stituted,  by  bulk,  of  four  volumes  of 
and  one  of  oxygen ;  and  reckoning  the  atom 
of  oxygen  as  10,  and  that  of  asote  as  17.«^ 
it  will  be  found  to  consist  of  oae  astam  of 
oxygen,  and  two  atoms  of  aaole^  or  p« 
cent  of  oxygen,  22.22 
An^  77.77 
Though  almost  all  experiments  have  hitherto 
led  us  to  regard  the  atmosphere  as  containing 
21  volumes  in  the  100  of  oxygen*  we  must* 
in'  this  view,  ascribe  the  excess  of  one  per 
cent  to  an  error  of  observation.  Now  it  is 
not  impossible,  that  in  the  explodve  eudio- 
meter with  hydrogen  over  mercury,  or  in  the 
nitrous  gas  eudiometer  over  water,  one  per 
cent  of  azote  may  be  pretty  uniformly  oon- 
densed. 

Calling  the  prime  equivalent  of  oxygen 
1.000,  and  that  of  asote  1.7dk  as  deduoed 
both  from  nitric  add  and  ammonia,  we  wtef 
easily  calculate  the  spedfic  gnvilies  of  these 
two  gaaeous  demeou  of  the  atmospheric 
compound,  itself  beiQg  represented  in  sp.  gr. 
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by  1.00,  and  in  the  rdadf e  wei^hu  of  its 

constituents,  by  1.00 -f  1.75 X  2;  or  22.22 
+  77.77. 

llie  ancient  problem  of  Archimedes  for 
determining  the  fraud  of  tlie  goldsmith  in 
making  king  Hiero*8  crowti,  which  is  so  im- 
portant in  chemistry  for  computing  the  mean 
density  of  a  compound,  the  specific  gravities 
of  whose  two  constituents  are  given ;  and  for 
thence  enabling  us,  by  comparing  that  result 
with  the  density  found  by  experiment,  to 
discover  the  cliange  of  volume  due  to  the 
chemical  action,  is  of  peculiar  value  in  pneu- 
matic investigations.  It  will  enable  us  to 
solve,  vrithout  difficulty,  the  two  following 
proUems:— 

1st,  Having  given  the  specific  gravity  of  a 
mixed  gas,  and  the  specific  gravities  of  its 
two  constituent  gases,  to  determine  the  vo- 
kime^  and  consequently  the  quantity,  of  each 
present  in  the  mixture. 

2d,  Having  given  the  specific  gravity  of  a 
mixed  gas,  and  the  proportions  by  weight 
and  volume  of  its  constituents,  to  determine 
the  specific  gravities  of  each  of  its  con- 
stituents. In  both  cases,  no  chemical  con- 
densation or  expansion  is  supposed,  and  only 
two  gases  are  concerned. 

1st,  LcC<<be  thesptgr.  of  the  denser  gas; 

/  of  the  lighter  gas ; 

m  mixed  gas; 

»  the  volume  of  the  denser  gas; 
.  ^  of  the  lighter  gas ; 

V  total  volume  of  the  compound. 

d  — m)  +  (w  —  0 


(d  — m)-|.(m-.0' 


from  one  or  other  of  which  formulse,  the 
volume  of  one  or  other  constituent  may  be 
found ;  and  by  multiplying  the  volume  by 
the  specific  gravity,  its  weight  is  given.  The 
same  formula  is  stated  in  words  under  the 
article  Conl  Gas, 

2d,  When  the  qsecific  gravities  of  the  com- 
ponents are  souf^t ;  the  specific  gravity  of 
the  compound,  as  wdl  as  the  volume  and 
weight  oir  each  component,  being  given,  we 
have  the  foDowing  formula  :— 

Let  z  be  the  sp.  gr.  of  that  whose  weight 
is  a  and  volume  m, 
y  be  the  sp.  gr.  of  that  whose  weight  is 
b  and  volume  n, 

^nien  *^"^»y  ^  «,  the  sp.  gr.  of  the  com- 

pound  whose  weight  is  1. 

But  the  volume  of  one  body  multiplied 
into  its  specific  gravity,  is  to  the  volume  of 
another,  multiplied  into  its  specific  gravity, 
as  the  weight  of  the  first  is  to  that  of  the 
second,  or 


:  fiy:  :a:  6 
And  m-f-n— ny^ — =•>  if  5ss  I. 

Whence  yga("*  +  "^, 
an-J^'bn 

m 
Dr  Prout  has  very  ingeniously  applied 
thu  formula  to  the  determination  of  the  spe- 
cific gravities  of  oxygen  and  azote,  which 
are^ 

Oxygen,  1.1111 

Azotes  0.9722 

His  investigation  of  the  specific  gravities  of 
hydrogen  from  that  of  ammonia,  is  conducted 
on  principles  still  less  disputable.  The  mean 
of  die  experimental  results  obtained  by  MM. 
Biot  and  Arago  and  Sir  H.  Davy  on  am^ 
moniacal  gas  is  0.5902.  Now  it  has  been 
demonstrated,  that  two  volumes  of  it  are  re* 
solvable  into  4  volumes  of  constituent  gases, 
of  which  3  volumes  are  hydrogen  and  1 
azote.  Hence,  if  from  double  the  specific 
gravity  of  ammonia,  we  subtract  the  specific 
gravi^  of  azote,  the  remainder  divided  by  3 
will  be  the  specific  gravity  of  hydrogen.  Or, 
putting  the  same  thing  into  an  algebraic 
form,  on  the  principle  that  the  sum  of  the 
weights,  divided  by  die  sum  of  the  volumes, 
gives  the  specific  gravity  of  the  mixture^  letar 
be  the  specific  gravity  of  hydrogen ;  then  ex* 

periment  shows,  that  ^+^^^^  a-  a5902 ; 


Wh«H»«»  !><M??|=M!^=0.0694. 

The  density  of  hydrogen  therefore  is  to  that 
of  azote,  atmospheriosl  air,  and  oxygen,  as 
1  to  14i,  1  to  li.4i,  and  1  to  10,  respectively. 
And  with  regard  to  muriatic  add  gas,  it 
is  well  known  to  result  from  the  union  of 
chlorine  and  hydrogen  in  equal  volumes^ 
without  any  condensation ;  therefore,  if  we 
call  the  sp.  gr.  of  the  compound  gas  1.285^ 
and  from  the  double  of  that  number  deduct 
the  sp.  gr.  of  hydrogen,  we  shall  have  the 

sp.  gr.  of  chlorine  +  =s  1. 285  X  8— -0.0694 
^  2.5006^  which  may  be  converted  into  the 
even  number  2.5  without  any  chance  of  error. 
See  SecL  IF, 

In  the  connaon  tables  of  equivalent  ratios, 
adapted  to  the  hypothesis  that  water  is  a 
compound  of  one  atom  of  oxygen  and  one  of 
hydrogen,  or  of  half  a  volume  of  the  former 
and  one  volume  of  the  latter,  we  must  couip- 
pute  the  ratioa  of  gaseous  combination  among 
different  bodies,  by  multiplying  the  weight 
of  their  atom  or  their  prime  equivalents  by 
half  the  sp.  gr.  of  oxygen  =:  0.5555.  If  the 
volume  and  sp.  gr.  of  hydrogen  were  reckour 
ed  unity,  then  the  doctrine  of  volumes  and 
prime  cquivalenti  would  coincide. 
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Genertd  Table  of  Gageout  Bodk'S,  by  Dr  Ur£. 

Barometer  dO^^Thermometer  60^  F. 


Names. 


ftkgr. 
air  = 

i.oa 


Weight 
of  lOU 
cubic 

iocbes. 


Hydrogen,  0.0694 

Carbon,  0.4166 

Steam  of  water,  0.481 

Subcarb.  hydrogen,  0.5555 

Ammonia,  0.5902 

Carbonous  oxide,  0.97^2 

Carburetted  hydrogen,  0.9722 

Azote,  0.9722 

Prussic  acid,  0.9374 

Atmospheric  air,  1.0000 

Deutoxide  of  azote,  1.0416 

Oxygen,  1.1111 

Sulphur,  1.1111 

Sulphuretted  hydrogen,  1.1805 

Protophosphd.  hydrogen,  1.215 

Muriatic  acid,  1.2840 

Carbonic  acid,  1.5277 

Protoxide  of  azote,  1.5277 

Alcohol  vapour,  1.6133 

Perphosphd.  hydrogen,  1.771 

Cyanogen,  1 .  8055 

Chloroprussic  acid,  2. 1527 

Muriatic  ether,  2.2562 

Sulphurous  acid,  2.222 

Phosphorus,  2.222 

Deutoxide  of  chlorine,  2. 36 1 

Fluoboric  add,  2.371 

Protoxide  of  chlorine,  2.44 

Chlorine,  2.500 

Sulphuric  ether  vapour,  2.586 

Nitrous  acid,  2.638 

Sulphuret  of  carbon,  2. 638 

Sulphuric  acid,  2.777 

Chlorocarbonous  acid,  3. 472 

Sal  ammoniac,  3.746 

Nitric  acid,  a  75 

Hydriodic  acid,  4.340 

Oil  of  turpentine,  5. 0 1 3 

Chloric  acid,  5.277 

Fluoborate  of  ammonia,  5. 922 

Subfluob.  ammonia,  7.10 

Tritosubfluob.  ammonia,  8.28 
Fluosilicate  of  ammonia, 


Weight 
of  prime 

equiT. 

oxygen 
=  1. 


2.118 

12.708 

14.680 

17.000 

18.000 

29.65 

29.65 

29.65 

28.59 

30.519 

31.77 

3a  888 

33.888 

36.006 

37.027 

39.183 

46.596 

46.596 

49.20 

5a710 

55.07 

65.69 

67.68 

67.77 

67.77 

72.0 

72.312 

74.42 

76.25 

78.87 

80.48 

80.66 

84.72 

105  9 

114.3 

114.37 

132.37 

152.9 

160.97 

180. 

216.7 

252. 


p.  125 
0.750 
1.125 
1.000 
2.125 
1.750 
0.875 
1.750 
a375 
4.500 
a750 
1.000 
2.000 
2.125 
4.375 
4.625 
2.750 
2.750 
2.875 
4.250 
a25 
7.75 
5.5 
4.000 
4w000 
9.50 
8.500 
5.50 
4.50 
2.875 
4.75 
4.750 
5.000 
6.25 
6.75 
6.75 
15.625 

9.5 

10.625 
12.750 
14.875 


CoDstitueott 

by 

volume. 


it 

8£ 


2  hyd.  +  1  oxyg. 
2hyd.  4-  1  carb. 

3  hyd.  -|-  1  azote 

2cari>.  4-l<>'y8* 
1  carb.  -|-  1  hyd. 

1  cyan.  -f>  1  byd. 
1  oxy.  -^  4  azote 
1  0x7.  4-  1  '"^^ 


1  hyd.  -f>  1  sulph. 
1  phos.  +  3  hyd. 
1  hyd.  Hr  1  chlo- 
1  carb.  4- 1  <>^yg- 
1  oxy.  4*  ^  ^'^^ 

1  ol.  gas  -|-  1  VA. 
I|ph08.-f'3hyd. 

2  carb.  -|-  1  azote 
1  cya.  -f-  1  ^^^^' 
Imur.  4-lol«g"* 

1  oxy.  -I-  1  sulph* 

2  oxy.  -f-  1  ^^^ 
2  oxy.  -^  4  chlo. 

2  olef.  4-  1  wat. 

3  oxy.  4-  ^  azote 

2  carb.  4-4  sulph. 

3  oxy.-^  2  sulph. 

1  cbl.4-lcar.  ox. 

2  amm.  -|-  2  mur. 
5  oxyg.  4*  2  azote 

1  byd.  -|- 1  iodine 

5  oxyg.  -|-  2  chlo. 

2  am.  -|-  2  fluob. 

4  am.  4-  2  fluob. 

6  am.  4*  2  fluob. 
2  am.  4"  1  ^^* 


1 
2 
2 


2 
5 
2 


1 
2 
2 
1 
2 
1 
2 
1 
2 
2 
1 

2 


CooititueBt 

prise 
equivaknli. 


1 
2 
2 
2 
1 
1 
2 
2 

2 
1 
1 
1 


1  hyd.  4-  1  oxyg. 

2  hjrd.  4-  1  <»i^ 

3  hyd.  4-  1  uo 
1  carb.  4- 1  o<7& 
1  carb.  4-  1  hy^ 

1  cyan.  -4~  ^  ^y^ 

1  oxyg.  4-  ^  •''^ 

2  oxyg.  4-  1  a>ota 


1  hvd.  -|-  1  sulph. 
1  phos. +  3  hyd. 
1  byd.  4-  1  cblor. 
1  carb.  4-  2  oxyg. 

1  oxyg.  -f-  1  azote 

2  oL  gas.4-1  wat 

1  phos.  4-  2  byd. 

2  carb.  4"  ^  ^''^ 

1  cyan.  4- 1  chlor. 
lm.ac4-lol.  gas 

2  oxyg.  4-1  sulph. 

1  chlor.4-4fOX]rg. 

1  oxyg.4-lcb]<»'* 

4  olef.  4-  1  ""^^^ 

3  oxyg.  4- 1  azote 

2  sulph.  4- 1  carb. 

3  oxyg.  4-1  sulph. 
lchI0.4-lcar.0x. 
I  am.  4*  1  niu.acid 

5  oxyg.  4-  1  azote 
1  hyd.  4-  1  iodine 

5  oxyg.  4-1  chloTc 
lam.4-lfluobor. 
2am.4-l  fluobor, 
3  am.4-1  fluobor, 


In  the  prece(fing  table  I  have  endeavoured 
to  assemble  the  principal  features  of  gaseous 
combination.  For  the  properties  of  these 
different  gases,  see  the  separate  articles  in  the 
Dictionary. 


M.  Dumas  has  given  the  following  table 
of  the  density  of  vapours  and  gases,  as  com- 
pared to  air  =  1.000. 


Iodine, 

Mercury, 

Protochloride  of  phosphorus, 

IVotochloride  of  arsenic, 

Arsenurettcd  hydrogen. 


Observed  density. 
a716 
6.976 
4.875 
6.300 
2.695 


Calculated  detuity.  Onunmei  per  litre. 

8.6118  11.3230 

6.9783  9.0625 

4.8076  6.3532 

6.2969  8.1852 

2.695  a5023 
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ObMnred  dnuity. 

Cftleu]«ted  deniitr. 

Orammecpe^ 

Chloride  of  silicium, 

5.939 

5.9599 

7.7J54 

Fluosilicic  acid. 

aeoo 

a5973 

Chloride  of  boron, 

a9i2 

4.0793 

5.1212 

Fluoboric  acid, 

2.3124 

2.3075 

Perchloride  of  tin, 

9.1997 

a9930 

11.9514 

Percfaloride  of  titanium, 

6.856 

7.0470 

a881 

II.  Of  the  general  habitudes  of  gaseous 
mttter  with  solids  and  liquids.  Mr  Delton 
has  written  largely  on  these  relations;  but 
his  results  are  so  modified  by  speculation, 
that  it  is  difficult  to  distinguish  fact  from 
hypothesis.  Dr  Henry,  however,  made  some 
good  researches  on  the  subject  of  this  divi- 
sion, but  they  have  since  been  so  much 
extended  and  improved  by  M.  de  Saussure^ 
ihat  I  shall  take  his  elaborate  researches  for 
my  guide.  His  memmr  on  the  absorption 
of  the  gases  by  different  bodies,  was  origi- 
nally read  to  the  Geneva  Society  on  the  16th 


April  1812,  and  appeared  in  Gilbert's  An- 
nalen  der  Fbysik  for  July  1814^  from  which 
it  was  translated  into  the  6th  volume  of  the 
Annals  of  Philosophy. 

1.  Of  the  absorption  of  unmixed  gases  by 
solid  bodies. 

Of  all  solid  bodies  charcoal  is  the  most, 
remarkable  in  its  action  on  the  gases.  In  M. 
de  Saussure*s  experiments,  the  red-hot  char- 
coal was  plunged  under  mercury,  and  intro- 
duced, after  it  became  cool,  into  the  gas  to 
be  absorbed,  without  ever  coming  into  con- 
tact with  atmospherical  air. 


Table  of  the  Volumes  of  Gasei  abtorbed  by  one  Volume  of 


Gases. 

ChaiooaL 

Meer. 
•duuun. 

Adhedve 
slate. 

lignifimn 
ubcito& 

Sszon 
hydropb. 

Qttait& 

Ammonia, 

90 

15 

11.3 

12.75 

64 

10 

Muriatic  acid,     - 

85 

— 

— . 

-^ 

17 

^ 

Sulphurous  add, 

65 

.— 

— . 

— 

.  7^ 

_ 

Sulphuretted  hydrogen, 

55 

11.7 

— 

-* 

.— 

.-» 

Nitrous  oxide,    - 

40 

a75 

... 

_ 

«. 

.. 

Carbonic  acid,    - 

35 

5.26 

2 

1.7 

1.0 

0.6 

Olefiant  gas, 

35 

a7o 

1.5 

1.7 

0.8 

a6 

Carbonic  oxide, 

9.42 

1.17 

0.55 

0.58 

... 

... 

Oxygen, 

9.25 

1.49 

0.7 

0.47 

0.6 

0.45 

Asote,      ... 

7.5 

1.6 

0.7 

0.47 

0.6 

0.45 

Oxycarburetted  hydrogen  > 
i>om  moist  charcoal,      3 

5.0 

a85 

0.55 

0.41 

— 

— 

Hydrogen, 

1.75 

0.44 

0.48 

0.31 

0.4 

0.37 

'  The  absorption  was  not  increased  by  allow- 
ing the  charcoal  to  remain  in  contact  with 
the  gases  after  24  hours ;  with  the  exception 
of  oxygen,  which  goes  on  condensing  for 
years,  in  consequence  of  the  slow  formation 
and  absorption  of  carbonic  acid.  If  the  char- 
coal be  moistened,  the  absorption  of  all  those 
gases  that  have  not  a  very  strong  affinity  for 
water,  is  distinctly  diminished.  Hius  box- 
-wood  charcoal,  cooWd  under  mercury,  and 
drenched  in  water  while  under  the  mercury, 
is  capable  of  absorbing  only  15  volumes  of 
carbonic  add  gas;  although,  before  bdng 
moistened,  it  could  absorb  35  volumes  of  the 
same  gas.  Dry  charcoal,  saturated  with  any 
gas,  gives  out,  on  immersion  in  water,  a 
quantity  corresponding  to  the  diminution  of 
its  absorbing  power.  During  the  absorption 
of  gas  by  charcoal,  an  elevatioo  of  tempera- 
ture takes  place^  proportional  to  the  rapidity 
and  amount  of  the  absorption.  The  vacuum^ 
of  the  air-pump  seems  to  possess  the  same 
influence  as  heat,  in  rendering  charcoal  capa- 
ble of  absorbing  gaseous  matter.     A  tratu^ 


ferrer  with  a  small  jar  containing  a  piece  of 
charcoal  was  exhausted,  and  bdng  then 
plunged  into  a  pneumatic  trough,  was  filled 
with  mercury.  Hie  charcoal  was  next  in* 
troduced  into  8  gas,  and  absorbed  a^  mnch 
of  it  as  after  having  been  ignited.  As  the 
rapid  absorption  of  carbonic  add  gas  by 
charcoal  can  raise  the  thermometer  25^, 
so  its  extraction  by  the  air-pump  sinks  it 
7.5^ 

Though  charcoal  possesses  the  highest  ab- 
sorbent power,  yet  it  is  common  to  all  bodies 
which  possess  a  certain  degree  of  porosity, 
after  they  have  been  exposed  to  the  action  of 
an  air-pump.  Meerschaum,  like  charcoal^ 
absorbs  a  greater  bulk  of  care  than  dense  gas* 
Dried  woods,  linen  threads,  and  silks,  also 
absorb  the  gases.  Of  ammonia,  hazel  absorbs 
100  volumes,  mulberry  88,  linen  thread  66, 
silk  78 ;  of  carbonic  add,  in  the  above  order, 
1. 1, 0.46, 0.62,  1. 1 ;  of  this  gas,  fir  absorbed 
1.1,  and  wool  1.7. 

The  rate  of  absorption  of  different  gases 
appears  to  be  the  same,  in  all  bodies  of  similar 
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cliettical  properties.     AH  the  T«riecies  of  is-  with  any  other.     But,  when  s  piece  ^  dur- 

bestus  condeofle  more  caibonic  add  gas  than  coal,  saturated  with  either  oxygen,  hydrogen^ 
oxygea  gas ;  but  woods  condense  more  hy-  asote,  or  caiiwnic  add,  is  put  into  am^Mr 
drogen  than  a2ote.  Tet  the  condensations  gas,  it  allows  a  portion  of  the  first  to  escape, 
themselves  in  different  kinds  of  asbestus,  or     in  order  to  absorb  into  its  pores  a  portion  of 

wood,  or  charcoal,  are  veiy  fiir  from  being  the  second  gas.  The  yolume  of  gas  ^uses- 
equal.  Ligniform  asbestus  absoitn  a  greater  pelled  from  charcoal  by  another  gas,  Taries 
Tolum^  of  carbonic  add  gas  than  rode  cork  ;  according  to  the  proportion  in  which  both 
A>  dock  faydrophane  than  the  swhnming  quarts  gases  exist  in  the  unabsoibed  residue.  The 
of  8t  Ouen,  and  the  quartz  of  Vauvert ;  and  quantity  expelled  is  greater,  the  greater  the 
the  absorption  of  gases  by  boxwood  diarcoal  excess  of  the  expelling  gas.  Yet  it  is  not 
is  much  greater  than  by  fir  charcoal.    These     possible,  in  dose  yessds,  to  expd  the  whole 

diflferences  are  not  in  the  least  altered,  if,  in-  of  one  gas  out  of  charcoal,  by  means  of  an- 

stead  of  equal  volumes,  equal  weights  of  other ;  a  small  quantity  always  remains  in  the 

Aancoal  be  employed.     It  is  curious  that  a  dutcoal. 

piece  of  solid  charcoal  absorbs  ?{  volumes,         Two  gases,  united  by  absorption  in  char- 

a»d  the  same  reduced  into  fine  powder  ab-  coal,  often  experience  a  greater  condensatioa 

mbs  only  3  volumes.     The  absorbing  power  than  each  would  in  a  separate  state.     For 

6f  most  kinds  of  charcoal  increases  as  the  example,  the  presence  of  oxygen  gas  in  cfaar- 

tfpedfic  gravity  increases ;  and  it  is  obvious,  coal  facilitates  the  condensation  of  hydrogen 

that  the  pores  must  become  smaller  and  iwr-  gas ;  the  presence  of  caibonic  acid  gas,  or  of 

rower  with  the  increase  of  density.    Charcoal  azote,  facilitates  the  condensation  of  oxygen 

ftom  cork,  of  a  spedik  gravity  not  exceeding  gas ;  and  that  of  hydrogen  the  condensation 

0. 1,  absorbed  no  sensible  quantity  of  atmos-  of  azote.     Yet  this  effect  does  not  take  place 

pheric  air.    Charcoal  from  fir,  sp.  gr.  0.4,  in  all  cases,  with  the  four  gases  now  men- 

absorbed  4^  times  its  volume  of  atmospheri-  tioned ;  for  the  presence  of  azote  in  charcoal 

cal  air ;  that  from  boxwood,  sp.  gr.  0.6,  ab-  does  not  promote  the  absorption  of  cartwnic 

sorbed  7J  of  air ;  and  pit-coal  of  vegetable  add  gas.     When  the  abfiiorption  of  one  of 

origin  from  Rusdberg,  sp.  gr.  1.328,  absorb-  the  four  named  gases  has  been  fadlitatcd  by 

ed  10|  times  its  volume  of  air.    But,  as  the  another  of  them,  no  perceptible  combination 

density  augments,  we  arrive  at  a  lunit,  when  between  the  two  takes  place»  &t  least  within 

the  pores  become  too  snudl  to  allow  gases  to  the  interval  of  some  days.     So,  for  example^ 

enter.     Thus,  the  bhck-lead  of  Cumberland,  notwithstanding  the  assertion  of  Rouppe  and 

containing  0.96  of  carbon,  sp.  gr.  2, 17,  pro-  Van  Noorden,  no  separation  of  water  appean, 

duces  no  alteration  on  atmospherical  aar.  But  when  charcoal  saturated  with  hydrogen  at  the 

thbcorrespondence  between  tlie  power  of  ab-  common  temperatures  is  put  into  oxygen  gas ; 

iorbing  and  the  spedfic  gravity,  is  only  acci-  or  when  the  experiment  is  reversed.     Nor 

dental.    Accurate  experiments  show  remark-  has  azote  and  hydrogen  been  united  in  this 

able  deviations  from  this  rule.    The  different  way  into  anunonia,  or  azote  and  oxygen  into 

kinds  of  charcoal,  whether  of  similar  or  dis-  nitric  add. 

similar  sp.  gravities,  always  differ  from  each         2.  Absorption  of  gases  by  liquids. 
other  in  their  oiganisation.     ITiey  cannot  be         "  That  aU  gases  are  absorbed  by  liquids," 

conndeivd  as  resembling  a  sponge,  whose  flays  M.  de  Saussure, « and  that  most  of  them 

pores  and  density  may  be  modified  by  pres-  axe  again  separated  by  heat,  or  the  dimimi- 

'^^  tion  of  external  pressure,  has  been  kmg 

On  the  whole  it  appears,  that  the  property  known.   We  now  possess  accurate  results  le^ 

of  condensing  gases,  possessed  by  some  s<rfids,  spccting  the  rate  of  thb  absorption.     For  a 

■,  withm  certain  limits,  in  the  inverse  ratio  set  of  careful  and  regular  experiments  on  this 

of  the  internal  diameter  of  the  pores  of  the  subject,  we  are  indebted  to  Dr  Heniy  of 

absorbing  bodies.     But  besides  the  porosity,  Manchester.     Mr  Dalton  has  a  little  altered 

there  are  other  twacircumstances  which  must  some  of  these  resulu;  and,  by  means  of 

be  attended  to  m  these  absorptions :— l.The  them,  has  contrived  a  theory  which  not  only 

dillerent  affinities  which  exist  between  the  explains  the  absorption  of  gases  by  water,  but 

gases  and  the  solid  bodies;    and,  2.  Tlie  by  all  other  liquids ;  but  it  is  in  opposition  to 

pow  of  expannon  of  the  gases,  or  the  op.  most  of  the  results  which  I  have  obtained  by 

pontion  they  make  to  their  condensation,  at  means  of  solid  porous  bodies." 
omerent  degrees  of  heat  and  atmospherical         The  following  table  exhibits  the  volumes 


.  of  the  different  gases  absorbed,  according  to 

The  experiments  hitherto  described  relate     the  accurate  experiments  of  Saussuie,  by  100 
to  the  absorption  of  a  single  gas,  not  mixed     vdumes  of— 
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GA& 


_^t% 

Ak»lK>L 

Napbtlu 

OUof  lav. 

Satur. 

Gases. 

Water. 

•fcS- 

t-Si 

^• 

OBtcoIL 

iDltttkm 
mur.poc 

Sulpharoos  acid, 

4S7S 

11577 

Sulphuretted  bydrogeiiy 

853 

606 

Carbonic  acid, 

106 

186 

169 

191 

151 

61 

Nitrous  oxide^ 

76 

153 

254 

275 

150 

21 

Oleiiant  gas. 

15.3 

127 

261 

209 

122 

10 

Oxygen  gas. 

6.5 

16.25 

.. 

«. 

.^ 

-^ 

Carbonous  oxide, 

a2 

1450 

20 

15.6 

14.2 

5.2 

Oxycarburetted  bydrogen. 

5.1 
4.6 

7.0 
5.1 

Hydrogen, 

Aiote^ 

4.1 

4.2 

I 

Tbe  above  liquids  were  pierioualy  freed 
from  air,  as  completriy  as  possible,  by  long 
and  violent  boiling.  But  tbose  wfaich  would 
bave  been  altered  or  dissipated  by  the  appfi- 
cation  of  such  a  beat,  as  oils,  and  some  saline 
solutions^  were  iVeed  from  air  by  means  of  the 
air-pump.  To  produce  a  speedy  and  com* 
plete  absorption,  a  large  quantity  of  those 
gases  which  are  absorbed  only  in  small  quan- 
tity by  liquids,  as  azote,  oxygen,  and  hydro- 
gen, was  put,  with  a  small  quantity  of  the  li- 
quid, into  a  flask,  which  was  furnished  with 
an  exodlent  ground  stopper.  Tbe  flask  was 
agitated  for  a  quarter  of  an  hour.  His  me- 
thod is  difficult,  and  requires  much  attention. 
With  respect  to  all  the  gases  of  which  the 
liquid  absorbs  more  than  l-7th  of  its  bulk^ 
M.  de  Sauasure  proceeded  in  tbe  following 
manner  :-*He  placed  them  over  mercury,  in 
a  tube  fully  1^  inches  internal  diameter,  and 
let  up  a  column  of  the  absorbing  liquid,  from 
about  1 J  to  2^  inches  long,  llie  absorption 
was  promoted  by  agitation ;  and  its  quantity 
was  not  determined  till  the  gas  and  the  liquid 
bad  bctti  in  contact  for  several  days. 

A  hundred  volumes  of  water  absorb  about 
five  volumes  of  atmoq>berical  air,  when  the 
mass  of  air  is  very  great,  in  comparison  of 
that  of  tbe  water. 

**  From  these  experiments,*'  says  M.  de 
fiaussore,  ''  it  appears*  contrary  to  Daltoo'a 
lascrtion,  that  tbe  absorption  of  gases  by  dif- 
ferent liquids,  not  glutinous,  as  water  and  al- 
oobol,  is  very  fiu*  from  being  sunilar.  The 
akobol,  as  we  see,  often  absorbs  twice  aa 
much  of  them  as  the  water  does.  In  gasea 
which  are  absorbed  in  small quantiliesythisdif- 
fbrence  is  not  so  striking,  bettuse^  with  respect 
to  them«  the  absorptions  of  the  alcohol  can  be 
as  accurately  determined,  on  account  of  tbe 
aur  which  still  remains  in  it,  after  being  boiled. 

"  Tliese  experiments  agree  no  better  with 
the  law  which  Dalton  thinks  he  has  ascer- 
tained in  the  absorption  of  different  gases  by 
one  and  the  lame  liquid ;  for  I  find  too  great 
a  difference  between  the  quantity  of  carbonic 
add,  sulphuretted  hydrogen,  and  nitrous  ox- 
ide gase^  absorbed  by  the  same  liquids,  (which 
Dalton  considers  as  completely  equal),  to  be 
able  to  ascribe  it  to  errors  in  the  experiments.** 


Solution 
mur.pou 

10 
21 
61 
5.2 


3.  Of  the  influence  of  chemical  affinity  on 
the  absorption  of  the  gases. 

If  such  an  influence  did  not  exist,  the  gases 
would  be  absorbed  by  all  liquids  in  the  same 
order.  Table  of  the  volumes  of  gases  ab- 
sorbed by  100  volumes  of 

Kameior        Naph.       Oiloflav.  OUve 
laies.      tp.  gr.  0.784k  ap.gr.  asa    oil 

Olefiantgas,  261  209  122 
Nitrous  oxide,  254  275  150 
Carbonic  acid,  169  191  151 
Garb,  oxide,  20        15.6     14.2 

<<  It  follows,'*  says  M.  de  Saussure,  <<  from 
these  experiments,  that  in  liquids,  as  well  aa 
in  solid  bodies,  great  differences  take  place  in 
the  order  in  which  gases  are  absorbed  by 
them,  and  that,  in  consequence,  these  absorp- 
tions  are  always  owing  to  the  influence  of  che- 
mical affinity.  Solid  bodies  appear,  under 
the  same  circumstances,  to  produce  a  greater 
condensation  of  all  gases,  in  contact  with 
which  they  are  placed,  than  liquid  bodies  dow 
I  have  met  with  no  liquid  which  absorbs  so 
great  a  volume  of  carbonic  add,  olefiant  gas» 
asotic  gas,  carbonous  oxide,  and  nitrous  o&- 
ide,  as  charcoal  and  meerschaum  do.  Tbm 
difference  is  probably  owing  to  this  drcum* 
stance*  that  liquids,  in  consequence  of  the 
great  mobility  of  their  parts,  cannot  compress 
the  gases  so  strongly  as  is  necessary  for  greater 
condensation,  certain  cases  excepted,  whe^ 
very  powerful  chemical  affinities  come  to  thdr 
assistance;  as,  for  example,  the  affinity  of 
ammonia  and  muriatic  add  for  water.  Only 
in  these  rare  cases  do  liquids  condense  s 
greater  quantity  of  gases  than  solid  bodies. 
According  to  Tliomson,  water  in  the  mean 
temperature  of  the  atmosphere  absorbs  516 
times  its  bulk  of  muriatic  add  gas,  and  780 
times  its  bulk  of  ammoniacal  gas."  In  the 
articles  murimtic  acid  and  ammunia  in  the  first 
edition  of  this  Dictionary,  I  have  shown  these 
determinations  of  Dr  Thomson  to  be  errone- 
ous. 

4  Influence  of  the  visddity,  and  the  speci- 
fic gravity  of  liquids  on  thdr  absorption  of 
gases.  Carbonic  add  gas  was  placed  in  con* 
tact  with  one  volume  of  the  different  liquids. 
The  temperature  in  all  the  experiments  was 
62.50. 
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Volume  of 

1 

IjQfTlIM. 

J*.gr. 

car.  acidnu  lOOpszts of  tbe solutkio,  oapiCaiii 

Alcohol, 

0.803 

2.6 

Sulpb.  ether, 

0.727 

2.17 

Oil  of  lavender, 

0.880 

1.91 

Oil  of  thyme, 

0.890 

1.88 

Spirit  of  wine. 

0.840 

1.87 

Rectified  naphtha, 

0.784 

1.69 

Oil  of  turpentine. 

0.860 

1.66 

Linseed  oil, 

0.940 

1.56 

Olive  oil, 

0.915 

1.51 

Water, 

1.000 

1.06 

Sal  ammoniac, 

1.078 

0.75 

27.53  crystals,  saL  sol. 

Gum-arabic, 

1.092 

075 

25.      gum. 

Sugar, 

1.104. 

0.72 

25.      sugar. 

Alum, 

1.047 

0.70 

9.14  cry.  aL  sat  sol. 

Sulphate  of  potash, 

1.077 

0.62 

9.42  c.  s.        sat  soL 

Muriate  of  potash, 

1.168 

0.61 

26.0    c.  s.        sat  soL 

Sulphate  of  soda, 

1.105 

0.58 

11. 14  dry  salt,  sat  sol. 

Nitre, 

1.139 

0.57 

2a6                  sat  sol. 

Nitrate  of  soda. 

1.206 

0.45 

26.4                 sat  soL 

Sulphuric  acid, 

1.840 

0.45 

Tartaric  acid. 

1.285 

0.41 

5a37  c.  acid,  sat  sol. 

Common  salt. 

1.212 

0.329 

29.      s.  sat  soL 

Muriate  of  lime. 

1.402 

0.261 

40.2    ignited  salt,  sat  sol. 

Though  the  influence  of  the  viscidity  of  a 
liquid  be  small  with  regard  to  the  amount  of 
tbe  absorption,  yet  it  increases  the  time  neces- 
sary for  the  condensation  of  the  gas.  In  ge- 
neral, the  lightest  liquids  possess  the  greatest 
power  of  absorbing  gases ;  with  the  exception 
of  those  cases  where  peculiar  affinities  inter- 
fere. 

5.  Influence  of  the  barometrical  pressure 
on  the  absorption  of  gases  by  liquids. 

M.  de  Saussure  shows,  that  in  liquids  the 
quantities  of  gases  absorbed  are  as  the  com- 
pressions ;  while  in  solid  bodies,  on  the  con- 
trary, as  the  gases  become  less  dense,  the  ab- 
sorption seems  to  increase.  Dr  Henry  had 
previously  demonstrated,  that  the  quantity  of 
carbonic  acid  taken  up  by  water,  is  propor- 
tional to'the  compressing  force ;  a  fact  long 
ago  well  known  and  applied  by  Schweppe, 
Pkul,  and  other  manufacturers  of  aerated  al- 
kaline waters. 

6.  Simultaneous  absorption  of  several  gases 
by  water. 

M.  de  Saussure  thinks  it  probable,  that  tbe 
absorption  of  the  difllerent  gases  at  the  same 
time  by  liquids,  is  analogous  to  what  he  ob- 
served with  respect  to  solid  bodies.  Henry, 
Dalton,  Van  Huml)oldt,  and  Gay  Lussac, 
had  already  remarked,  that  water  saturated 
with  one  gas,  allows  a  portion  of  that  gas  to 
escape^  as  soon  as  it  comes  in  contact  with 
another  gas.  "  It  is  indeed  evident,  accord- 
ing to  Dalton*s  theory,**  says  M.  de  Saussure, 
**  that  two  gases  absorbed  into  a  liquid,  should 
really  occupy  always  the  same  room  as  they 
would  occupy  if  each  of  them  had  been  alv* 
sorbed  singly,  at  the  degree  of  density  which 


it  has  in  the  mixture.*'  To  obtain  resvTts  on 
this  subject,  approaching  to  accuracy,  he  was 
obliged  to  make  mixtures  of  carbonir  add 
with  oxygen,  hydrogen,  and  aaotic  gases  ^  for 
the  last  tliree  gases  are  absorbed  by  water  in 
so  small  a  proportion,  that  the  different  con- 
densations which  take  place  cannot  be  con- 
founded with  errors  in  the  experiments 

1.  Water,  and  a  mixture  of  eptal  mea- 
sures of  carbonic  add  and  hydrogen  gas. 

He  brought  100  measures  of  water^  at  th« 
temperature  of  62^°,  in  contact  with  434 
measures  of  equal  volumes  of  carbonic  add 
and  hydrogen.  The  absorption  amounted  to 
47.5  volumes,  of  which  44  were  carbonic  adi^ 
and  3.5  hydrogen.  If  we  compare  tbe  space 
which  the  absorbed  gases  occupy  in  the  water, 
with  that  which  they  would  occupy  accord- 
ing to  the  preceding  table  of  absorption  of 
unmixed  gases,  we  And  tliat  tbe  presence  of 
one  of  the  gases  has  favoured  tbe  absorption 
of  the  other,  as  far  as  the  relative  space  goes 
which  each  would  occupy  separately  in  tbe 
water. 

2.  Water,  and  a  mixture  of  equal  ports  of 
carbonic  acid  and  oxygen  gas. 

100  volumes  of  water  at  62^^  ali6orl»ed 
from  390  volumes  of  this  mixture  52. 1  vo- 
lumes, of  which  47.1  volumes  were  carbonie 
acid,  and  5  volumes  oxygen  gas.  Here  also 
the  condensation  is  greater  than  when  the 
gases  are  separate. 

3.  Water,  and  a  mixture  of  carbonic  add 
gas  and  azote. 

100  volumes  of  water  absorbed  from  357.5 
volumes  of  this  mixture,  at  tbe  al>ove  temper 
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ftture>  47.2  vohimes,  of  wlucii  43.9Tolum6B 
were  carbonic  acid,  and  3.3  aiole. 

The  results  of  these  experiments,  as  we 
percei^e^  tig'^e  completely  with  each  other; 
but  none  of  them  corresponds  with  Dalton*s 
theory,  according  to  which,  the  Tolume  of 
carbonic  acid  absorbed  should  be  just  one- 
half  of  that  of  tlie  absorbing  liquid;  and 
likewise  the  volumes  of  the  other  gases  ab- 
sorbed should  be  much  smaller  than  M.  de 
Saussure  found  them  actually  to  be.  A  mix- 
"ture  of  oxygen  and  hydrogen  gases,  in  the 
proportions  for  forming  water  by  agitation 
with  that  liquid,  was  absorbed  in  the  propor- 
tion  of  5^  volumes  to  100  volumes  of  the  li- 
quid. In  an  appendix,  M.  de  Saussure  de- 
scribes minutely  the  judicious  precautions  he 
took  to  ensure  precision  of  result;  which 
leave  little  doubt  of  the  accuracy  of  his  expe- 
riments, and  the  justness  of  his  conclusions. 
They  are  as  fatal  to  Mr  DaIton*s  mechanical 
fictions  concerning  the  relation  of  liquids  and 
gases,  as  MM.  Dulongand  Petit's  recent  re- 
searches have  been  to  his  geometrical  ideas 
on  the  phenomena  of  beat. 

III.  Of  Gaseous  Analysis. 

This  department  of  chemistry,  whose  great 
importance  was  first  shown  by  Cavendish, 
Priestley,  and  Berthollet,  has  lately  acquired 
new  value  in  consequence  of  M.  Gay  Lus- 
sac*s  doctrine  of  volumes,  his  determination 
of  the  specific  gravities  of  vapours,  and  saga- 
cious application  of  both  principles  to  the 
development  of  many  combinations  hitherto 
intricate  and  inexplicable. 

Let  us  first  take  a  general  view  of  the  cha- 
racters of  the  different  gases.  Some  of  them 
are  coloured,  others  diffuse  white  vapours  in 
the  air ;  some  relume  a  taper,  provided  a  point 
of  its  wick  remains  ignited ;  others  are  acid, 
and  redden  tincture  of  litmus :  one  set  have 
no  smell,  or  but  a  faint  one ;  a  second  set 
are  very  soluble  in  water ;  a  third  are  soluble 
in  alkaline  solutions ;  and  a  fourth  are  them- 
selves alkaline.  Some  gases  possess  several 
of  these  characters  at  once. 

1.  The  coloured  gases  are,^Nitrous  add, 
chlorine,  the  protoxide  and  deutoxide  of  chlo- 
rine. The  6rst  is  red,  the  rest  yellowish- 
green,  or  yellowish. 

-  2.  Gases  producing  iffhUe  vapours  in  the 
air.  Muriatic  add,  fluoboric,  fluosilidc,  and 
hydriodic. 

3.  Gases  injlammable  in  air  by  contact  of 
the  lighted  taper.  Hydrogen,  subcarburetted 
and  carburetted  hydrogen,  subpbosphuretted 
and  phosphuretted  hydrogen,  sulphuretted 
hydrogen,  arsenuretted  hydrogen,  telluretted 
hydrogen,  potassuretted  hydrogen,  carbonous 
oxide,  prussine  or  cyanogen. 

4.  Gases  which  rekindle  the  expiring  taper. 
Oxygen,  protoxide  of  azote,  nitrous  add,  and 
the  oxides  of  chlorine. 

5.  Acid,  gases,  which  redden  litmus.  Ni- 
trous, sulphurous,  muriatic,  fiuoboric,  hydrio- 


dic, flnasilidc  chloracarbonous,  and  caibbnic 
acid ;  the  oxides  of  chlorine,  sulphuretted 
hydrogen,  telluretted  hydrogen,  and  prus- 
sine. 

&  Gases  destitute  of  smelly  or  possessing 
but  a  feeble  one.  Oxygen,  azote,  hydrogen, 
subcarburetted  and  carburetted  hydrogen,  car- 
bonic acid,  protoxide  of  azote. 

7.  The  smell  of  all  the  others  is  insup- 
portable, and  frequently  characteristic. 

8.  Gases  very  soluble  in  water,  namely,  of 
which  water  <lis8olves  more  than  30  times  its 
volume,  at  ordinary  pressure  and  tempenu 
ture.  Fluoric  acid,  muriatic,  fluosilidc,  ni- 
trous, sulphurous,  and  ammonia. 

9.  Gases  soluble  in  alkaline  solutions. 
Adds,  nitrous,  sulphurous,  muriatic,  fluo- 
boric,  hydriodic,  fluosilicic,  chlorine^  carbo- 
nic, chlorocarboDous ;  and  the  two  oxides  of 
chlorine,  sulphuretted  hydrogen,  telluretted 
hydrogen,  and  ammonia. 

10.  Alkaline  gases.  Ammonia  and  potas- 
suretted hydrogen. 

Such  is  a  general  outiine  of  the  charac- 
teristics of  the  gases.  The  great  jm>blem 
which  now  presents  itself  is,  to  determine  by 
experiments  the  nature  of  any  single  gast  or 
gaseous  mixture,  which  may  come  before  us. 

I. 

We  first  fill  a  little  ghuss  tube  witii  it, 
and  expose  it  to  the  action  of  a  lighted  Uper. 
If  it  inflames,  it  is  one  of  the  1 1  above  enu- 
merated, and  must  be  discriminated  by  the 
following  methods. 

1.  If  it  takes  fire  spontaneously  on  con- 
tact with  air,  producing  a  very  acid  matter, 
it  is  phosphuretted  hydrogen,  Subphosphur 
retted  hydrogen,  or  the  bi-hydroguret  of  phos- 
phorus, does  not  spontaneously  inflame. 

2.  If  water  be  capable  of  decomposing  it, 
and  transforming  it  suddenly  into  hydrogen 
gas  and  alkali,  which  we  can  easily  ascertain 
by  transferring  tiie  test  tube  filled  with  it, 
from  the  mercurial  trough,  to  a  glass  con- 
taining water,  it  is  jwtassuretted  hydrogen. 
I  found  in  my  experimenU  on  the  produc- 
tion of  potassium,  by  passing  pure  potash 
over  ignited  iron  turnings,  of  which  some 
account  was  published  in  1609,  that  potas- 
suretted hydrogen  spontaneously  inflamed. 
M.  Sementini  has  made  the  same  observa- 
tion. 

3.  If  it  has  a  nauseous  odour,  is  insoluble 
in  water,  leaves  on  the  sides  of  the  test  tube 
in  which  we  bum  it,  a  chestnut-brown  de- 
posite,  like  hydruret  of  arsenic,  and  if,  after 
agitation  with  the  quarter  of  its  volume  of 
aqueous  chlorine,  a  liquid  is  formed,  from 
which  sulphuretted  hydrogen  predpitates  yel- 
low flocculi,  it  is  arseyiuretted  hydrogen  gas. 

4.  If  it  has  a  strong  smell  of  garlic  or 
phosphorus,  if  it  does  not  inflame  sponta- 
neously, if  the  product  of  its  combustion 
strongly  reddens  litmus,  and  if,  on  agitation 
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with  an  ezcesi  a£  mqaeam  Monut,  a  Uqwv  tsmpecatuiiesi  and  becaiiaB^  6ik  fariagiog  i^ 

Miulti^  wittGh^  after  eiaporatioD,  leavtt  a  vcc]r  nited  iroa  or  glasa  in  oontart  iriA  k,  kLit 

aour  syrupy  loiduiim,  it  U  tubpkotpkunUed  dacompand  with  ezphMion  into  oaygan  and 

hydrogen*  diJorine. 

&  If  it  has  no  smell,  or  but  a  faint  one,  Deutoade  of  cklorUu  ia  of  a  still  faiigfatar 
and  if  it  be  capable  of  Gondenstng  on»-balf  ycUowiab-green  than  the  preeeding^  and  haa 
its  volume  of  oxygen  in  the  exploatTe  eudio*  a  peculiar  aromatic  smell.  It  does  not  red- 
meter,  it  is  hydrogen,  doi,  but  blanches  vegetable  blues.     At  2W 

6.  If  it  has  a  fidnt  smell,  be  capable  of  it  exphides,  evolving  oxygen  and  cfaloruM* 
condensing  in  the  explosive  eudiometer  ono^  Chlorine  ia  dislingHished  by  its  fiunter  yd- 
half  of  its  volume  oif  oxygen,  and  of  pro-  lowisb-gceen  colour,  by  its  aufiering  no 
ducing  a  volume  of  carbonic  add  equal  to  change  on  being  heated,  by  its  destraying 
its  own,  which  is- ascertained  by  absorbing  it  ooloun^  and  by  its  rapid  combination  with 
with  aqueous  potash,  it  is  carbonems  oxide,  mercury  at  common  temperatures.     Sulphm^ 

7.  If  it  has  a  fiunt  smell,  if  one  of  the  rout  aeidf  by  its  smell  of  burning  scdplMK. 
products  of  combustion  is  carbonic  acid,  and  Amwumuh  by  its  odour,  alkaline  properties 
if  the  quantity  of  oxygen  which  it  condenses  and  the  dense  white  vapours  it  forma  with 
by  the  explosive  eudiometer,  corresponds  to  gaseous  adds.  Chlarocarbonoms  gat  is  ooo* 
twice  or  thrice  its  volume,  then  it  is  either  verted  by  a  very  small  quantity  of  water  inlo 
mbearbvretted  or  earburetted  hydrogen.  aqueous  muriatic  acid,  and  carbonic  acid» 

8.  If  it  diffuses  the  odour  of  rotten  eggs,  which  rests  above.  IXnc  or  antimony,  aided 
if  it  blackens  solutions  of  lead,  if  it  leaves  a  by  heat,  resolves  it  into  caibonous  oxide 
depodte  of  sulphur  when  we  burn  it  in  the  gas,  while  a  sdid  metallic  chloride  is  fonn- 
tcst  tttbe^  and  if  it  be  absorbable  by  potash,  «d.  With  the  oxides  of  the  same  metab  it' 
it  ia  tmtphtareUed  hydrogen.  forms  chlorides,  and  carbonic  add,  while  in 

9.  If  it  has  a  fetid  odour,  approaching  to  each  case  the  quantity  of  gaseous  oxide  of 
that  of  sulphuretted  hydrogen,  if  it  is  absorl»-  carbon,  and  carbonic  add  diaengaged,  ia 
able  by  potash,  if  it  is  soluble  in  water,  if  it  equal  to  the  volume  of  cfalorocarbonous  gaa 
forms  with  it  a  liquid,  which,  on  exposure  to  operated  on.  Carbonic  acid  gat  ia  cokMirlea^ 
air,  lets  fall  a  brown  pulverulent  hydruret  of  and  void  of  smell,  while  all  the  other  gasea 
tdlurium ;  and  lastly,  if  on  agitation  with  an  absorbable  by  the  alkalis  have  a  strong  odonr« 
excess  of  aqueous  chlorine^  there  results  a  It  hardly  reddens  even  very  dilute  tincture 
muriate  of  tellurium,  yielding  a  white  preci-  of  litmus ;  it  gives  a  white  cloud  with'  lima 
pitate  with  alkalis,  and  a  black  with  the  by-  water,  from  which  a  predpitate  fidls^  solublo 
drosulphurets,  it  is  tellxtreUed  hydrogen*  with  effervescence  in  vinegar. 

10.  Prtutine  is  known  by  its  offensive  and 

very  peculiar  smell,  and  its  burning  with  a  III. 

purple  flame.  If,  finally,  the  gas  be  neither  i 


nor  capable  of  being  absorbed  by  a  solution 

!!•  of  potash,  it  will  be  oxygen,  aaote,  protoxide 

If  the  gas  be  non-inflammable^  but  ab-  of  azote,  or  deutoxide  of  aaotew     Oxygen  can 

sorbable  l^  an  alkaline  solution,  it  will  be  be  mistaken  only  for  the  protoxide  of  aaote. 

one  of  the  13  following :  Muriatic  acid,  fluo-  The  property  it  possesses  of  rekindling  tbo 

boric,  fluoailicic,  hydriodic,  sulphurous,  ni-  expiring  wick  of  a  tsper,  distinguishes,  it 

trous,cfalorocariKmous,  cartNmic;  or  chlorine,  from  the  two  other  gases.     They  are  more- 

the  oxides  of  chlorine,  prussine^  or  ammonia,  over  characterised,  1st,  Because  oxygen  ia 

The  first  four,  bdng  the  only  gases  which  void  of  taste,  and  c^iable  of  condensing  in 

produce  white  vapours  with  atmmpheric  air,  the  explosive  eudiometer  twice  its  volume  of 

from  their  strong  affinity  for  water,  are  thua  hydrogen  gas ;  the  jnviimde  ofaxoUr  because 

easily  distinguishable  from  all  others.     Tbo  it  has  a  sweet  taste,  is  soluble  in  a  little  leaa 

Jbteiiidc  gas  is  recognised  by  the  separation  than  half  its  volume  of  odd  water,  and  be- 

of  silics,  in  white  flocculi,  by  means  of  wa-  cause,  when  detonated  with  its  own  volume 

ter ;  and  hydriodic  gatt  because  chlorine  ren-  of  hydrogen,  we  obtain  a  residuum  contain- 

ders  it  violet,  with  the  piedpitation  of  iodine,  mg  much  axote.     The  two  other  gases  are 

Muriatic  add  gat,  from  its  fonniog  with  so-  disdnguisbed  thus  -.-^Deutoxide  iff  axote  ia 

Itttiott  of  silver  a  white  predpitate  insoluble  cdourless,  and  when  placed  in  contact  with 

in  adds,  but  very  soluble  in  ammonia,  and  atmospherical  air  or  oxygen,  it  becomes  red^ 

from  its  yielding  with  oxide  of  manganese  n  passing  to  the  state  of  nitrons  add  vapour, 

portion  of  chlorine.     Fluoboric  gatt  by  the  jtzoie  is  void   of  colour,  smell,  and  taat^ 

very  dense  vapours  which  it  exhales,  aaid  by  extinguishes   combustibles,  experiences  no 

its  instantly  blackening  paper  plunged  into  change  on  contact  with  air,  and  produces  no 

it.     Nitrout  acid  gat  n  distinguished  by  its  cloud  with  lime  water, 

red  colour.    Pnttexide  rf  chlorine,  because  it  Under  the  different  gases,  the  reader  will 

is  of  a  lively  greenish-yellow  hue,  because  it  find  tbdr  discriminating  characters  minuiely 

cxerdses  no  action  on  mercury  at  ordinary  detailed.     We  shall  conclude  this  article  with 
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m  nedMid  of  MlTing  roRlily  an  iatriote  and  gm  and  eariioiioiis  osMe^  take  286  of  ozy- 

4auuiiiMm  problem  in  gaKoos  aoalyniiy  for  gen:  What  ii  the  proportion  of  defiant  gas? 

wUdi  no  dtned  problem  baa  I  believe  bam ^i^g,^^  _  o^  (0-5  X  100)  _  7^- 

3rcC  oflfered.     Allusion  has  been  made  to  It  2.5 

in  treating  of  coal  gas»  and  the  plan  pointed  consequently  25.6  are  carbonous  oxide. 

out  in  a  popular  way.  Tiris  problem  is  appficable  to  every  roiztnre 

Jinafytical  proftfem.— In  a  mixinre  oon«».  of  two  inflammable  gases.     Tbe  bydrostatie 

toted  like  purified  eoal  gas,  of  three  inflam-  problem  I  have  been  accustomed  for  years  to 

maUe^ses,  such  as  olefiant  gas,  caiboretted  apply  to  mixtures  of  t%w>  gases  whose  spe- 

h3rdrogen»  and  csrbooous  oxide,  mseparable  ^fic  gravities  are  considerably  difibient,  as 

by  ordinary  chemical  means,  to  determine  di-  carbonic  acid  and  atmospheric  air ;  and  with 

xectly  tbe  quantity  of  each.  a  delicate  balance,  and  globe  containing  100 

1.  By  the  rde  given  at  the  commencement  cubic  inches,  it  gives  a  good  accordance  with 

of  the  present  article  Gas,  find,  fiom  the  spe-  chemical  experhnent 
dfic  gravity  of  the  mixed  gases,  tbe  propor-         j  employed  tliis  method  for  verification,  in 

tion  of  the  light  carburetted  hydrogen.    The  examining  the  air  extracted  from  the  lungs 

remainder  is  the  bulk  of  the  other  two  gases,  ©f  the  criminal's  dead  body,  galvanised  at 

Detonate  100  measures  of  the  mixed  gu  Glasgow  in  Nov.  18ia 
with  cacess  of  oxygen  in  an  explosive  eudio-         Generally,  if  we  wish  to  get  an  approxi- 


metCT.     Observe  the  change  of  volume,  and  mate  knowledge  of  tbe  proportion  of  two 
ascertain  the  expenditure  of  oxygen.     Of  the  gases  in  a  mixture,  we  may  adopt  the  fol- 
oxygen  consumed,  allow  two  volumes  for  lowing  plan :— Poise  the  exhausted  globe  or 
every  volume  of  light  carburetted  hydrogen,  flask  at  one  arm  of  a  deficate  balance.  Then 
sp.  gr.  0.565,  prsfioualy  found  by  the  by-  connect  its  stopcock  with   Oie  gasometer, 
drostatic  rule  to  be  preseoL     TTie  remain,  bladder,  or  jar,  containing  the  gaseous  mix- 
ing vohimss  of  oxygen  have  gone  to  the  ture.     Introduce  an   unmeasured  quantity, 
combustion  of  heavy  carburetted  hydrosen,  great  or  small,  rdative  to  the  capscity  of  the 
or  olefiant  gas  and  caibonous  oxide.     Ihen,  globe ;  fbr  it  is  not  necessary  that  the  densi- 
I«t  m  sss  measure  of  oxygen  equivalent  to  ty  of  the  air  in  the  globe  should  be  equal  to 
1  of  first  gas,  that  of  the  atmosphere.     In  fact,  it  may 
n  ss  do.  da  to  1  of  second  gas,  happen,  that  the  whole  quantity  of  the  gase- 
p  ss  measures  of  oxygenactuallyoon-  ous  mixture  may  not  be  equal  to  more  than 
■uooed,  one-third,  one-half,  or  three^fourths  of  the 
100  or  «  =s  volume  of  mixture  of  these  two  capacity  of  the  globe.     For  instance,  in  tbe 

case  of  the  criminal,  I  took  a  globe,  capable 


T  =  volume  of  first  gas,  of  receiving  greatly  more  than  the  aerial  con- 

*  —  *  =  volume  of  second  gas,  tents  of  his  lungs.     An  unknown  quantity 

X  ^  JL^JH,  ^  ^■^  mixed  gases  being  now  in  the  globe, 

m— n  we  suspend  it  at  the  balance^  and  note  the 

increase  of  weight  We  then  open  the  stop- 
cock, and  allow  the  atmosphere  to  enter,  till 
an  equilibrium  of  pressure  ensues.     The  ad- 

1st,  100  measures  of  purified  coal  gas  were  ditional  wdght  occasioned  by  the  atmosphe- 

Ibund^  by  the  hydrostaUc  problem,  to  con-  ^^  ^  ^^  ^e  converted  into  bulk,  at  die 

tain  76  of  subcarburetted  hydrogen ;    and,  ^te  of  30.519  gr.   for  100  cubic  inches, 

exploded  m  the  eudiometer,  they  were  found  Deducting  this  bulk  from  the  known  capa^ 

to  consume  187  cubic  inches  of  oxygen.  By  ^^  ^f  our  globe  or  flask,  leaves  a  remain, 

condensmg  with  potash  the  carlwmc  aad  jer,  which  is  tbe  volume  of  the  gaseous  mix- 

formed,  we  learn  the  volume  of  residuaiy  ^^e  firat  introduced:    knowing  its  weight 

oxygen.     But  the  soluUon  of  the  problem  is  „<,  volume,  we  inf^  its  specific  gravity; 

otherwise  independent  of  the  quanuty  of  car-  and  fVom  its  specific  gravity,  by  the  hydro^ 

borne  aad  generated  in  the  present  expen-  ^^jp  problem,  we  deduce  the  proportion  of 

menL     We  see  from  tbe  table  of  the  gases,  ^ach  gas  in  the  mixture, 
that  1  volume  of  olefiant  gas  is  equivalent  to 

3  of  oxygen  ;  and  1  volume  carbonous  oxide  jy^ 

to  onewhalf  volume  oxygen.     Hierefore,  de-         Qf  ^  method  of  determining  the  spe^ 

ducung  for  the  76  of  subcarbonat^  J52  dfic  gravity  of  gases,  and  of  the  modification 

measures  of  oxygen*  ^  remaimng  3o  have  of  their  volume  from  variation  of  pressure 

gone  to  the  24  measures  of  the  two  denser  ,^  temperature.— TTie  spedfic  gravity  of  a 

gases.     Hence,  ^„  •„  the  wdght  of  a  certain  volume  of  it, 

Olefiant  gas,  or  «  ^  35  \2_-^L.Z~2ss9.2,  compared  to  the  same  volume  of  air  or  wa- 

2.5  ter.     Air  is  now  assumed  as  the  standard  for 

and  24  -—  9.2  s:  IM  ss  the  carbonous  gases,  as  water  is  for  liquids ;  and  the  lame 

oxide.  hydrostatic  method  is  appKoaUe  to    both 

Hd,  100  measures  of  a  mixture  of  olefiant  elastic  and  tndastic  fluids.     We  detemune 
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tbe  specific  gravity  of  a  gas,  with  'an  air-  the  very  Bame  circiiinttaiicei»  orcr  wator  at 

pump,  balance,  and  globe  or  fiaak,  having  a  60^  for  instance ;  and  then,  with  rqjard  to 

stopcock  attached  to  iu  orifice.     We  pro-  tboae  gaaei  wboie  density  diflRers  litde  from 

i^eed  thus :— We  poise  the  globe  at  the  end  that  of  the  atmosphere,  no  correction  finr 

of  a  balance,  with  its  8t<^>cock  open :  we  vapour  need  be  considered, 
next  exhaust  it,  and  weigh  if  in  that  state.  From  the  experiments  of  M.  de  Saussurc^ 

Tbe  diflerence  of  the  two  weighings  is  the  and  those  of  MM.  Clement  and  Desormes, 

apparent  weight  of  the  volume  of  atmosphe-  we  learn,  that  the  same  bulk  of  diflTerent 

ric  air  withdrawn  from  it     We  verify  that  gases  standing  over  water  gives  out,  on  being 

first  estimate,  by  opening  the  stopcock,  and  transmitted  over  dry  muriate  of  lime,  the 

noting  the  increase  of  weight  occasioned  by  same  quantity  of  that  liquid  ;  which,  lor  100 

the  ingress  of  the  air.     Having  again  ex-  cubic  inches,   is,  by  tbe  first   philosopher^ 

bausted  exactly  to  the  same  degree,  by  the  0.35  of  a  grain  troy  at  57°  F.,  and  by  the 

mercurial  gauge  as  before,  we  poise.     This  second  0.^36  at  S4P.     We  shall,  perii^is, 

gives  us,  for  tlie  tliird  time,  the  weight  of  air  not  err,  by  considering  the  weight  to  be 

contained  by  the  globe.     The  mean  of  the  one*third  of  a  grain  at  60^.     Now,  for  100 

three  trials  is  to  be  taken.  We  now  attach  it,  cubic  inches  of  hydrogen,  which  in  the  dry 

by  the  screw  of  the  stopcock,  to  a  gasometer  state  weigh  only  2. 1 18,  one-third  of  a  grain 

or  jar  containing  gas  desiccated  by  muriate  is  nearly  one-seventh  of  the  whole,  equiv». 

of  hme  over  mercury,  and  opening  the  com-  lent  to  14  cubic  inches  of  dry  gas.     But  for 

munication,  allow  the  air  to  enter  till  an  oxygen,  of  which  100  cubic  inches  weigh 

equilibrium  of  pressure  with  the  atmosphere  nearly  34  grains,  one-third  of  a  grain  forms 

is  established.     In  this  stage  of  the  opera-  only  1-1 10th  of  the  whole, 
tion,  we  must  avoid  grasping  the  globe  with         llie  quantity  of  moisture  present  in  air  or 

our  hands,  and  we  must  see  that  the  mercury  gas,  at  any  temperature,  may  indeed  be  di- 

in  the  inside  and  outside  of  the  jar  stands  rectly  determined  from  my  table  of  the  elas- 

truly  on  a  level.    On  re-suspending  the  globe  ticity  of  aqueous  vapour.     If  we  multiply 

at  the  balance,  we  find  the  weight  of  the  in-  14^68,  which  is  the  weight  in  grains  of  100 

eluded  gas,  which  being  divided  by  the  weight  cubic  inches  of  steam,  by  the  number  0.516 

of  tbe  air  formerly  determined,  gives  a  quo-  opposite  60^  in  my  table,  we  shall  have  a 

tient,  which  is  the  specific  gravity  of  the  gas  product,  which,  divided  by  30,  will  give  a 

In  question.     When  the  utmost  precision  is  quotient  as  the  weight  of  aqueous  vapour  in 

required,  we  should  again  exhaust  tlie  globe,  100  inches  of  any  gas  standing  over  water  at 

again  poise  it,  and,  filling  it  with  the  gas,  the  given  temperature, 

again  ascertain  ito  sp.  gravity  under  the  bulk  --       14.68  X  0.516  _  ^  g.«-    «,     . 

^  the  globe.      Even  a  third  repetition  is  ^"* 30 =  ^'^^   See  infra. 

sometimes  necessary  to  secure  final  accuracy.         ^e  have  seen,  in  treating  of  caloric,  that 

We  should  always  terminate  the  operations  ^^i  gaseous  matter  changes  itp  volume  by  one 

by  a  new  weighing  of  the  atmosphenc  air,  4goth  part,  for  the  variation  of  1«>  of  Fahren- 

lest  ite  temperature  or  pressure  may  have  1,^^.,  thermometer,  departing  from  the  tem- 

changed  during  the  course  of  the  expen-  pemture  of  329,     ThU  quantity  is  in  ded- 

ments.      It  is    obvious,  that  this  metliod  ^^Is  =  0.0020833. 

diflfera  in  no  respect  from  that  practised  long  j^  bulk  of  a  gas  bang  inversely  as  the 
ago  by  the  Hon.  Robert  Boyle,  and  by  Sir  pressure,  it  vrill  necessarily  inereoMe  as  the 
Charles  Blagden,  (See  Alcohol),  with  li-  barometer  falls,  and  decrease  as  it  rises: 
quids,  and  is  that  which,  I  suppose,  every  Hence,  to  reduce  the  volume  of  a  gas  at  any 
public  teacher  of  physics,  like  myself,  ex-  pressure,  to  what  it  would  be  under  the  mean 
plains  and  exhibits  annually  to  his  pupils,  pressure  of  90  inches  of  mercury ;  multiply 
With  regard  to  liquids,  it  is  necessary  to  ^^  ^^lu^^  ^y  the  particular  barometrical 
bring  them  to  a  standard  temperature,  which  pressure,  and  divide  the  product  by  30;  the 
in  this  country  is  60°  F.  But,  as  the  com-  quotient  is  the  true  volume.  If  the  gas  be 
parison  of  gases  wiUi  air  is  always  made  at  contained  in  a  vessel  over  mercury,  so  that 
the  instant,  our  only  care  need  be,  that  th^  tj,e  liquid  metal  stands  in  the  inside  of  the 
gas  and  atmosphere  are  in  the  same  state  as  ju^e  higher  than  on  the  outside,  it  is  evident 
to  temperature  and  moisture,  and  that  the  that  the  gas  Dvill  be  compressed  by  a  less  weight 
4fquilibrium  of  pressure  be  ensured  to  the  gas,  ^^an  the  ambient  stmospbere,  in  proportion 
by  bringing  Uie  liquid  which  confines  it  to  a  ^g,^^  diflerence  of  the  mercurial  levels,  it 
level  on  the  inside  and  outside  of  Uie  jar.  ^ytsU  difference  were  10  inches,  then  one-third 
If  the  gases  sUnd  over  water,  it  is  desirable  ^f  the  incumbent  pressure  would  be  counter- 
to  weigh  them  in  somewhat  cold  weather,  balanced,  and  the  gas  would  become  bulkier 
when  the  thermometer  is,  for  example,  at  by  one-third.  Hence  we  must  subtract  this 
40° ;  for  then  the  quantity  of  aqueous  va-  difference  of  mercurial  levels  from  the  baro- 
pour  they  contain  is  exceedingly  small.  Or  metric  altitude  at  the  instant,  and  use  this 
otherwise,  we  sliould  place  the  atmospheric  reduced  number  or  remainder  as  the  propefr 
air  wc  use  for  the  sUndard  of  cpmpanson  in  multiplier  in  tlie  above  nl\e.     Instead  o^^e^ 
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-duciiig  tbe  volnme  of  a  gu  to  wfast  it  would 
iie  under  a  mean  prenure  of  90  incbesy  it  is 
often  desirable  to  reduce  it  to  another  ban>- 
.metrical  height,  which  existed  perhaps  at  the 
conunencement  of  the  experimental  investiga- 
tion.  Thus,  in  applying  the  eudiometer  by 
slow  combustion  of  phosphorus,  we  must  wait 
for  24  hours  till  the  eiperiment  be  finished. 
.But  in  that  period,  and  in  our  fickle  climate, 
the  mercury  of  the  barometer  may  have  moved 
an  inch  or  more.  The  general  principle,  that 
;the  volume  is  inversely  as  the  pressure,  mea* 
sured  by  the  length  of  the  mercurial  column, 
affords  tbe  following  simple  rule :— Multiply 
4he  bulk  of  the  gas  by  the  existing  height  of 
the  barometer,  and  divide  the  product  by  the 
•original  height,  the  quotient  is  its  bulk  as  at 
the  commencement  of  the  experiment.  The 
barometric  pressure  is  estimated  by  the  inches 
on  its  scale,  minus  the  difference  of  mercurial 
levels  in  the  pneumatic  apparatus.  By  brings 
ing  tbe  two  surfaces  to  one  horizontid  plana^ 
•this  conection  vanishes.  The  facility  of  doing 
ao  with  my  eudiometer  is  one  of  its  chief  ad- 
vantages. 

If  we  are  operating  in  the  water  pneumatic 
cistem,  we  can  in  general  bring  the  two  suiw 
Aces  to  a  levd.  If  not,  we  must  allow  one 
inch  of  mercurial  pressure  for  13.6  inches  of 
water;  and,  of  course,  1-1 0th  of  a  barome- 
trical inch  for  every  inch  and  third  of  water. 

From  the  researches  of  Mr  Daniell  and 
Mr  Faraday  it  appears,  that  gases  are  more 
readUy  preserved  from  admixture  with  atmo- 
spheric air,  when  kept  in  glass  vessels  inverted 
over  water,  than  over  mercury.  The  filtra- 
tion, in  such  cases,  takes  place  along  tlie  sur- 
face of  the  glass,  and  not  through  the  pores 
of  tbe  mercury.  In  this  way,  air  insinuates 
itself  into  barometers,  occasioning  a  slow  and 
progressive  deterioration  of  these  instruments. 
The  only  method  of  preventing  this  passage 
of  air,  is  to  bring  the  mercury  into  intimate 
contact  with  the  mouth  of  the  tube,  by  attach- 
ing to  its  rim  at  the  blowpipe  a  slender  ring 
of  platinum.  When  tlie  glass,  thus  armed, 
is  immersed  in  mercury,  the  effect  is  soon 
perceived;  for,  instead  of  any  depression 
being  visible  around  it,  the  mercury  may  be 
lifted  up  by  it  considerably  above  its  proper 
level  on  the  outside,  where  Mr  Daniell  had 
•welded  his  riband  of  platinum,  about  one- 
third  of  an  inch  broad.  Intimate  contact,  in 
fact,  is  thus  secured  between  the  mercury  and 
ihe  mouth  of  the  tube,  so  that  no  air  can  pass 
between  them. 

M.  Gay  Lussac  contrived  a  very  ingenious 
apparatus,  to  determine  the  change  of  volume 
.which  an  absolutely  dry  gas  undergoes,  when 
•water  is  admitted  to  it,  in  minutely  successive 
portions,  till  it  (or  the  space  it  occupies)  be- 
4»mes  saturated.  He  deduced  from  these 
accurate  experiments  the  following  formula, 
whose  results  coincide  perfectly  with  those 
deducible  from  Mr  Dalton's  and  my  expe- 


riments on  the  elastic  Ibroe  of  aqueous  va- 
pour. •    * 
When  a  perfectly  dry  gas  is  admitted  to 
mobture,  its  volume,  v,  augments,  and  be* 

comes  ..Ul — ;  in  which  p  as  the  barometric 

aldtude  in  inches,  andy  =  the  elastic  force 
of  steam  at  the  given  temperature.  Hence', 
100  cubic  inches  of  dry  air,  weighing  30.519 
grains,  become  101.76,  when  transferred  over 
water  at  60°.  Therefore,  100  cubic  inches 
of  such  aeriform  matter,  standing  in  ajar  on 
the  hydro-pneumatic  trough,  must  consist  of, 

9a28  cubic  inches  dry  air  =  29. 9900  gr.  , 
1.7^  aqueous  vapour       =r    0.2525 
Weight  of  100  cubic  inches  of  —»— .. 

air,  over  water  at  60^       =  30.2425 
por  hydrogen  we  shall  have, 
98.28  inches  dry  gas         as    2.08157  gr. 

1.72  aqueous  vapour        as   0.2525 
Weight  of  100  cubic  inches        —— ... 

moist  gas        -        -       =    2..33407 
Hence  its  sp.  gr.  compared  to  that  of  dry 

air,  wUI  be  =  ^^^^'^  as  0.7648,  and  com- 
30.519 

pared  to  moist  air  =  ?l??i5l?  =  0.0772. 

30.2425 

For  chlorine  we  shall  have  (making  the  sp. 

gr.  of  tbe  dry  gas  s=  2.5), 

98.28  cubic  inches        -  s=  74^9857 

1.72  aqueous  vapour  as    0.2525 


Weight  of  100  cu.  in.  of  moist  chl.  as  75.2382 
Hence,  its  sp.  gr.  compared  to  that  of  dry 

air,  win  be  as  I^????--  2.2465,  and  com. 
30.519 

iMied  to  moist  air  as  I^^  _  2.487a 

30.24ji5 

Now,  the  first  is  almost  the  density  assign- 
ed long  ago  by  MM.  Gay  Lussac  and  Thenl 
ard ;  on  which,  if  we  msJce  the  correction  for 
aqueous  vapour  present  in  it,  on  account  of 
this  gas  never  being  collected  over  mercury, 
we  shall  have  its  true  specific  grav.  as  2.^. 
Sir  H.  Davy  brought  out  a  number  still  near- 
er 2.5  than  that  of  M.  Gay  Lussac.  His 
chlorine  was  probably  compared  witli  air  some- 
what moist,  and  may  therefore  be  considered 
as  readily  reducible,  by  a  minute  correction, 
to  2.5.  llie  reason  assigned  by  Dr  Thom- 
son (Annals  for  Sept.  and  OcL  1820)  for  the 
former  erroneous  estimates  of  the  &p.  gravity 
of  that  gas,  cannot  surely  apply  to  the  twp 
first  chemists  of  tlie  age;  namely,  that  the 
chlorine  they  prepared  as  the  standard  o^ 
comparison  was  impure.  I  think  the  tru^ 
reason  is  that  which  I  have  now  given. 

For  olefiant  and  carbonic  oxide  gases,  we 
shall  have^ 

9a  28  cul>ic  inches       -       as  29. 1564 
L72  vapour  ..         sa   0.2525 


Weightof  1 00  rub.in.  of  moist  gasaa  29.4089 
Hence,  its  sp.  gr.  compared  to'  that  of  dry 
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gir,  will  be  =^-^  =  0.9036,  and  to 
'  30.519 

BKjirt  .ir  s=:  ??:i???  =  0.9724. 
30.2425 

GASES  (LzQVEFAcnoK  of).  See  AaD 
(Cabbonic),  Acid  (Sulphubous),  Chlo- 
BiNE,  Cyanogen,  &c 

GASTEIC  JUICE  i«  ■eparated  by  gUmds 
placed  between  the  tnenibranes  which  line 
the  stomach ;  and  fW>m  these  it  is  emitted 
into  the  stomach  itself. 
•    From  various  experiments  it  foUowB» — 

1.  Tliat  the  gastric  juice  reduces  the  ali- 
ments into  an  uniform  magma,  eren  out  of 
the  body,  and  in  vitro ;  and  that  it  acts  in 
the  same  manner  on  the  stomach  after  death ; 
which  proves  that  its  effect  is  chemical,  and 
almost  independent  of  vitality.  2.  That  the 
gastric  juice  effbcts  the  solution  of  the  ali- 
ments included  in  tubes  of  metal,  and  conse- 
quently defended  from  any  trituration.  3. 
That  though  there  is  no  trituration  in  mem- 
branous stomachs,  this  action  powerfully  aa- 
siats  the  effect  of  the  digestive  juices  in  ani- 
mals with  a  muscular  stomach,  such  as  ducks, 
geese,  pigeons,  &c  Some  of  these  animals, 
bred  up  with  sufficient  care  that  they  might 
not  swallow  stones,  have  nevertheless  broken 
spheres  and  tubes  of  metal,  blunted  lancets, 
and  rounded  pieces  of  glass,  which  were  in- 
troduced into  their  stomachs.  Spallanzani 
has  ascertained,  that  flesh,  included  in  spheres 
sufficiently  strong  to  resist  the  muscular  ac- 
tion, was  completely  digested.  4.  That  gas- 
tric juice  acts  by  iu  solvent  power,  and  not 
as  a  ferment ;  because  the  ordinary  and  na^ 
tural  digestion  is  attended  with  no  disengage- 
ment of  air,  or  inflation,  or  beat,  or,  in  a 
word,  with  any  other  of  the  phenomena  of 
fermentation. 

G AY-LUSSITE.  A  new  mineral,  fbund 
by  M.  Boussingault,  in  great  abundance,  at 
Lagunilla,  a  small  Indian  village  to  the 
south-west  of  Merida.  It  is  in  transparent 
and  colourless  crystals  (very  imperfect  in 
form),  or  sometimes  greyish  and  semitrans- 
parent,  vrith  a  dull  surface.  They  cause 
double  refVaction.  Sp.gr.  1.93  to  1.95. 
By  heat,  they  decrepitate,  become  opaque, 
and  yield  much  water.  Before  the  blowpipe 
a  fragment  fuses  into  a  globule,  which  in- 
stantly becomes  infbuble,  and  is  then  alka- 
line to  the  taste.  It  dissolves  in  small  quan- 
tity in  water,  yielding  a  solution  which  red^ 
dens  turmeric  paper,  and  is  precipitated  by 
oxalic  add.  It  conasts,  in  100  parts,  of 
cari>onic  add  28.66,  soda  20.44,  lime  17.7, 
alumina  1,  water  32.2 ;  or  of  an  atom  of  car- 
bonate of  soda,  an  atom  carbonate  of  lime, 
and  11   atoms  of  water.— if  yiit.  de  Chim, 

Mxi.  270. 

GEHLENITE.  A  mineral  substance, 
allied  to  Vesuvian.  Its  colours  are  olive- 
green,  leek-green,  green  of  other  shades,  and 

0 


brown.    It  occurs  ajaUOued.  in  nctangakr 

fonr-nded  prisms,  which  are  ao  short  as  «• 
appear  tablo.  Lustre  glistening,  oAen  diilL 
Cleavage  imperfect,  but  three-fold  rectangle 
lar.  Frscture  6ne  splintery.  TransluceotoB 
the  edges.  Rather  easily  fiangiblc.  Harder 
than  fdspar,  but  softer  than  quarts.  Sp.  gr« 
2.96.  It  melts  before  the  blowpipe  into  a 
brownish-yellow  transparent  glass.  It  la 
found  along  with  calcareous  spar  in  the  vaU 
ley  of  Fassa  in  the  Tyrol.  Its  oonstitueots 
are,  lime  35.5,  silica  29.^  alumina  24.8^ 
oxide  of  iron  6.56,  volatile  matter  3.3. 

GELATIN,  GELLY,  or  JELLY,  an 
animal  substance,  soluble  in  water,  capable 
of  aasumxng  a  well-known  elastic  or  tremu* 
lous  consistence,  by  cooling,  when  the  water 
is  not  too  abundant  and  Uqueflable  again  by 
increasing  its  temperature.  This  littt  pro- 
perty distinguishes  it  irom  albumen,  wfaich 
becomes  consistent  by  heat  It  is  predpU 
tated  in  an  insoluble  iorm  by  tannin ;  and  it 
u  this  action  of  tannin  on  gelatin  that  is  the 
foundation  of  the  art  of  tanning  leather.  8m 
Glue. 

According  to  the  analysis  of  MM.  Gay 
Lussac  and  Thenard,  gelatin  is  composed  of 
Cariran,  -  47.881 

Oxygen,  -  27.207 

Hydrogen,         -  7.914 

Aaote,  -  I&99e 


100.000 

Vegetable  gelatin  (see  ALBiTMEir)  is  gray« 
iah^yellow  in  colour,  adhesive,  gludnoos,  and 
ela^,  having  no  taste,  but  a  peculiar  odour. 
It  dries  into  a  transparent  shining  substanoa. 
It  dissolves  in  alcohol  and  vinegar;  feoia 
which,  when  predpitated  by  an  alkali,  it  re* 
sumes  its  visdd  state.  It  combines  with  and 
neutralises  alkalis,  forming  solutions  whidv 
when  evaporated,  yield  a  transparent  matter. 
With  earths  and  oxides  it  fonns  insoluble 
oompounda.— 2iSenEe/uc«. 

GEM&  Tills  word  is  used  to  denoto 
such  stones  as  are  considered  by  mankind  aa 
predous.  lliese  are,  the  diamond,  the  raby, 
the  sapphire,  the  topas,  the  chrysolite^  tha 
beryl,  the  emerald,  the  hyadntfa,  the  ama.. 
ibyit,  the  garnet,  the  tourmaline^  the  opal ; 
and  to  these  may  be  added,  rock  crystal,  the 
finer  flints  or  pebbles,  the  oat's  eye,  the  ocu^ 
lus  mundi  or  hydrophanes,  the  chalcedony* 
the  moon-stone^  the  onyx,  the  camelian,  tba 
sardonyx,  agates,  and  the  Labrsdor-stone ; 
for  which,  consult  the  several  articles  r&- 
apectively. 

GENTI ANINE.  It  appean  from  MM. 
Henri  and  Caventou,  that  the  root  of  gentian 
fgenliana  lutea)  owes  its  bitter  taste  to  a  p». 
culiar  substance,  susceptible  of  crystalltau 
tion,  and  which  they  call  genlianme.  It 
occurs  in  this  root  along  with  8  other  mau 
ters,  fVom  which  it  is  separable  as  follows :— i- 

1.  The  gentian  in  powder  is  steeped  for 
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46  houn  in  ooU  ether,  wfaidi  du8ol?es  the 
gentiaDine,  bird-Ihne,  a  fixed  fatty  matter, 
an  odoRras  matter,  and  an  acid.  2.  The 
ether  is  eTaporated,  and  the  residuum  treated 
with  weak  alcohol,  which  takes  up  only  the 
gentianine,  the  add,  and  the  odorous  matter. 
3.  The  alcoholic  solution  bang  evaporated, 
tibe  new  residuum  is  diluted  with  water,  a 
litde  magnesia  being  added  to  saturate  the 
acid ;  and  the  liquor  is  heated  till  the  whole 
water  is  dissipated,  along  with  the  odorous 
substance.  The  gentianine  renuuns  mixed 
with  magnesia  and  the  magnesian  salt.  The 
earth  being  saturated  with  acid,  ether  then 
removes  the  gentianine,  and  yields  it  in  eva- 
poration in  the  form  of  small  crystalline 
needles  of  a  fine  yellow  colour.  These  poa- 
aess  the  bitterness  and  aroma  of  gentian  in 
«n  eminent  degree ;  they  do  not  affect  litmus 
or  turmeric  papers.  Chi  burning  coals  it  is 
partly  decomposed,  and  partly  sublimed  in  a 
fine  yellow  condensable  vapour.  It  is  very 
aduble  in  alcohol  and  ether ;  much  less  so  in 
boiling,  and  especially  in  cold  water.  Acids 
and  alkalis,  somewhat  dUute,  favour  its  solu- 
tion. 

GEODE&  A  kind  of  ortites,  the  hollow 
of  which,  instead  of  a  nodule^  contains  only 
loose  earth,  and  is  commonly  lined  with  crjt- 
tals. 

GEOGNOSY.     See  Geou)gy. 

GEOLOGY.  A  description  of  the  struc 
ture  of  the  earth.  This  study  may  be  divid- 
ed, like  most  others,  into  two  parta-^obser- 
vadon  and  theory.  By  the  first  we  learn  the 
relative  positions  of  the  great  rocky  or  mine- 
ral aggr^^ates  that  compose  the  crust  of  our 
globe ;  through  the  second,  we  endeavour  to 
penetrate  into  the  causes  of  these  collocations. 
A  valuable  work  was  some  time  since  pub- 
lished, comprehending  a  view  of  both  parts 
of  the  subject,  by  Mr  Grecnough,  to  which 
I  refer  my  readers  for  much  instruction, 
communicated  in  a  very  lively  manner. 

Very  recently  the  world  has  been  favoured 
with  the  first  part  of  an  excellent  view  of 
dib  science  by  Messrs  Conybeare  and  Phil- 
lips, in  their  "  Outlines  of  the  Geology  of 
England  and  Wales;**  from  which  work, 
the  following  brief  sketch  of  the  subject  is 
taken.  The  Trait^  de  Geognotie  of  D'Au- 
buiaaon  bears  a  high  character  on  the  conti- 
nent    He  is  a  liberal  Wemerian. 

WERNSa*8  Table  of  the  different  Mountain 
Rockst/rom  Jameton, 

Class  I. 

Primitive  rocksn 
1.  Granite. 
'   2.  Gneiss. 

3.  Mica  slate; 

4.  Clay  slate. 

5.  Primitive  limestone; 

6.  Primitive  trap. 


7.  Serpentine^ 

8.  Porphyry. 

9.  Syenite. 

10.  Topaz  rock. 

11.  Quarts  rock. 

12.  Primitive  flinty  skte. 

13.  Primitive  gypsum. 

14.  White  stone. 

Class  n. 

Trantition  rocks, 

1.  Transition  limestone. 

2.  Transition  trap. 

3.  Greywacke. 

4.  TVansition  flinty  slate. 

5.  Trimsition  gypsum. 

Class  IlL 
Floetz  rocks, 

1.  Old  red  sandstone,  or  first  sandstone 

formation. 

2.  First  or  oldest  floetz  limestone. 

3.  first  or  oldest  floetz  gypsum. 

4.  Second  or  variegated  sandstone  formation. 

5.  Second  floetz  gypsum. 

6.  Second  floetz  limestone. 

7.  Third  floetz  limestones 

8.  Rock-salt  formation. 

9.  Chalk  formation. 

10.  Floetz  trap  formation. 

1 1.  Independent  coal  formation. 

12.  Newest  floetz  trap  formation. 

Class  IV. 

AUuviat  rocks, 

1.  Peat. 

2.  Sand  and  graveL 

3.  Loam. 

4.  Bog-iron  ore. 
&  Nagelfluh. 

6.  Cak  tuff*. 

7.  Cale  sinter. 

Class  V. 

Volcanic  rocks, 
Pbeud<v>volcanic  rocks. 

1.  Burnt  clay. 

2.  Porcelain  jasper. 

3.  Earth  slag. 

4.  Columnar  cky  ironstone. 

5.  Polier,  or  pohsbing  slate. 

True  volcanic  rocks. 
1.  Ejected  stones  and  ashes. 
2*  Diflferent  kinds  of  lava. 
3.  The  matter  of  muddy  eruptions. 

The  primitive  rocks  lie  undermost,  and 
never, contain  any  traces  of  organized  beings 
imbedded  in  tliem.  The  transition  rodu 
contain  comparatively  few  organic  remains, 
and  approach  more  nearly  to  the  chemioal 
structure  pf  the  primitive  than  the  mechanical 
of  the  secondary  rocks.  As  these  transition 
recks  were  taken  by  Werner  from  among 
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tboM  whicb  in  his  general  arnmgenwnt  were 
called  secondary,  the  fonnatioD  of  that  claas 
made  it  necessary  to  abandon  the  latter  teem. 
To  denote  the  mineral  masses  reposing  on  his 
transition  series,  he  accordingly  employed  the 
term  ioetx  rocks,  from  the  idea  that  they 
were  generally  stratified  in  planes  nearly  hori- 
sontal,  while  those  of  the  older  straU  ware 
inclined  to  the  horizon  at  considerable  angles. 
But  this  holds  good  with  regard  to  the  struc- 
ture of  those  .countries  only  which  are  com- 
paratively low :  in  the  Jura  chain»  and  on  the 
borders  of  the  Alps  and  Pyrenees,  Werner's 
floetx  formations  are  highly  inclined.    Should 


we  therefore  fMniit  in  iIm  «aa  of  Ibia 
says  Mr  Conybeare,  we  must  prepare  our- 
selves, to  speak  of  Tortical  beds  of  floeH,  (ue, 
horizontal),  limestone,  &c.  Aa  the  inqiuriaa 
of  geologists  extended  the  knowledge  of  tha 
various  formations^  Werner,  or  his  discipis^ 
found  it  necessary  to  subdivide  the  bulky  class 
of  floets  rocks  into  iloets  and  newest  flocts» 
thus  completing  a  fourfold  enumeratioa. 
Some  writers  have  bestowed  the  tenm  tertiaty 
on  the  newest  floetx  rocks  of  Werner.  Tba 
following  synoptical  view  of  geol<^gical  ar« 
rangement  is  given  by  the  Rev.  Mr  Cony* 
beare:— 


Cha&acteh. 

Profosi^d 
Names. 

WeRNERTAN 

Names. 

Other  Weixbu. 

I.  Formations  (chiefly  of  sand 
and  claif)  above  the  chalk. 

Superior  order. 

Newest  floets  dass. 

Tertiary  class. 

2.  Comprising, 

a.  Chalk. 

b.  Sands  and  clays,  ften^oM 

the  chalk, 

c.  Calcareous      freestones 

fooUtei)   and   argiUa- 
ceous  beds. 

d.  New  red  sandstone,  con- 

glomerate,   and   mag- 
nesian  limestone. 

Supermedial 
order. 

Floeta  class. 

Secondaiy  dtts. 

1 

3,  Carboniferous  rocks^  com- 
prising) 

a.  Coal  measures, 

b.  Carboniferous  limestone, 

c.  Old  red  sandstone. 

Medial  order. 

sometimes  to  the  succeeding  class,   by< 
writers  of  these  schools :  very  often  tbe- 
coal  measures  are  referred  to  the  former,- 
the  subjacent  limestone  and  sandstone  to-' 
the  latter. 

4.  Roofing  slate,  &c  &c. 

Submedial  order. 

Transition  class. 

Intermediate  dass. 

5.  Mica  slate,  gneiss,  granite, 

&C. 

Infinor  order. 

Primitive  class. 

Primitive  dass. 

In  all  these  formations,  fW>m  the  lowest  to 
the  highest,  we  find  a  repetition  of  rocks  and 
beds  of  similar  diemical  composition ;  i.  e. 
siliceous,  argillaceous,  and  calcareous,  but 
with  a  considerable  difference  in  texture; 
diose  in  the  lowest  formations  being  compact 
and  often  crystalline,  while  those  in  the  high- 
est and  most  recent  are  loose  and  earthy. 
Tbese  repetitions  fcMrm  what  the  Wernerians 
call  formation  suites.     We  may  mention, 

\st.  The  limestone  suite.  Ilus  exhibits,  in 
the  inferior  or  primitive  order,  crystalline 
marbles ;  in  the  two  next,  or  transition  and 
carboniferous  orders,  compact  and  subcrys- 
talline  limestones  (Derbyshire  limestone) ;  in 
the  supermedial  or  floetx  order,  less  compact 
limestone  (lias),  calcareous  freestone  (Port- 
land and  Bath  stone),  and  chalk ;  in  the  su- 
perior or  newest  floetx  order,  loose  earthy 
limestones. 
fUU  Iho  argillaceous  suite  present*  the  fol- 


lowing gradations:  day-slate,  shale  of  the 
coal  measures,  shale  of  the  lias,  clays  altes- 
nating  in  the  oolite  series,  and  that  of  the 
sand  beneath  tlie  chalk;  and,  lastly,  days 
above  the  chalk. 

3d,  The  siliceous  suite  may  (since  many  of 
the  sandstones  of  which  it  consists  present 
evident  traces  of  felspar,  and  abundance  a£ 
mica,  as  well  as  grains  of  quartx,  and  since 
mica  is  more  or  less  present  in  every  bed  of 
.sand,)  perhaps  deserve  to  have  granite  placed 
at  its  head,  as  its  several  members  may  poa- 
sibly  have  been  derived  from  the  detritua  of 
that  rock.  It  may  be  continued  thus ;  quartz 
rock  and  transition  sandstone,  old  red  sand- 
stone^' millstone^grits  and  coal-grits,  new  red 
sandstone,  sand,  and  sandstone  beneath  the 
chalk,  and  above  the  chalk.  In  all  these 
instances  a  regular  diminution  in  the  degree 
of  consolidation  may  be  perceived  in  ascend- 
ing the  series. 
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We  noticed  before,  tbat  the  renudns  of 
yegjBtable^  and  animak  are  confined  to  the 
secondary  formations.  We  hare  now  to  add, 
that  they  are  notinrefpilarly  dispersed  through- 
out the  whole  series  of  these  formations,  but 
disposed  as  it  were  in  families,  each  forma- 
tion containing  an  association  of  species  pe- 
culiar in  many  instances  to  itself,  widely  dif- 
fering from  those  of  other  formations,  and  ac- 
companying it  throughout  ita  whole  course ; 
so  that  at  two  distinct  points  on  the  line  of 
the  same  formation,  we  are  sure  of  meeting 
the  same  general  assemblage  of  fossil  remains. 
It  will  serve  to  exemplify  the  laws  which 
have  been  stated,  if  the  observer's  attention 
is  directed  to  two  of  the  most  prominent  for- 
mations of  this  island;  namely,  the  chalk 
and  the  limestone  which  underlie  the  coal  in 
Norttiuroberland,  Derbyshire,  South  Wales, 
and  Somerset  Now  if  he  examines  a  col- 
lection of  fossils  from  the  chalk  of  Flambo- 
rou^^Head,  or  from  that  of  Dover- Cliffs, 
or,  it  may  be  added,  from  Poland  or  Paris, 
be  will  find  eight  or  nine  species  out  of  ten 
the  same:  he  will  observe  die  same  echinites 
asiociaied  with  tlie  same  shells ;  nearly  one- 
half  of  these  echinites  he  will  perceive  to  be- 
long to  divisions  of  tliat  family,  unknown  in 
a  recent  state,  and  indeed  in  any  other  fossil 
bed  except  the  chalk.  If  he  next  proceeds 
to  inspect  parcels  of  fossils  (torn  the  carboni- 
ferous limestone,  he  will  in  the  same  manner 
find  them  to  agree  with  each  other,  from 
whichever  of  the  above  localities  they  may 
have  been  brought ;  that  is,  he  will  find  the 
same  corals^  the  same  encrinites,  the  same 
productse,  terebratulae,  spiriferc.  Sec  But, 
lastly,  if  he  compares  the  collection  from  the 
chalk  with  that  from  the  mountain  lime,  he 
will  not  find  one  single  instance  of  specific 
agreement,  and  in  very  few  instances  any 
thing  that  could  deceive  even  an  unpractised 
eye,  by  the  superficial  resemblance  of  such 
an  agreement. 

If  we  cast  a  rapid  view  over  the  pheno^ 
mena  of  this  distribution,  the  subject  must 
appear  to  present  some  of  the  most  singular 
problems  which  can  engage  the  attention  of 
the  inquirer  into  nature.  First  we  have  a 
foundation  of  primitive  rocks  destitute  of 
these  organic  remains :  in  the  next  succeed- 
ing series  (that  of  transition),  corals,  encri- 
nites,* and  testacea,  different  however  from 
those  now  known,  appear  at  first  sparingly. 
The  fossil  remains  of  the  carboniferous  lime- 
stone are  nearly  of  the  same  nature  with 
those  in  the  transition  rocks,  but  more  abun- 
dant: the  coal  measures  (coal  strata),  how- 
ever, themselves,  which  repose  on  this  lime- 
stone^ present  scarcely  a  single  shell  or  coral ; 
but,  on  the  contrary,  abound  with  vegetable 
remains,  ferns,  flags,  reeds  of  unknown 
spedes,  and  large  trunks  of  succulent  plants, 
Mrangen  to  the  pretent  ^obe.  Upon  the  cool 
rest  beds  again  containing  marine  remains 


(the  magnesian  Mmestone) ;  then  a  long  in* 
terval  (of  new  red  sandstone)  intervenes,  defr< 
litute  almost,  if  not  entirely,  of  organic  re- 
uMuns,  preparing  the  way,  as  it  wer^  for  a 
new  order  of  things.  Tbk  order  commencee 
in  the  lias,  and  is  continued  in  the  oolites^ 
green  and  iron  sands,  and  dialk*  All  these 
beds  contain  corals,  encrinites,  echinites,  tes- 
tacea, Crustacea,  vertebral  fishes,  and  marine 
oviparous  quadrupeds,  yet  widely  distinguish^- 
ed  from  the  fipoEulies  contained  in  the  lower 
beds  of  the  transition  and  carboniferous  claasy 
and  particularly  distinguished  among  theov 
selves,  according  to  the  bed  which  they  oc-' 
cupy.  Hitherto  the  remains  are  always  pe^ 
trifled,  i.  e.  impn^nated  with  the  mineral- 
substance  in  which  they  are  imbedded.  But^ 
lastiy,  in  the  strata  which  cover  the  chalk,  we 
flnd  the  shells  merely  preserved,  and  in  such 
a  state,  that  when  the  clay  or  sand  in  which 
they  lie  u  washed  off,  they  might  appear  to 
be  recent,  had  they  not  lost  their  colour,  and 
become  more  brittle.  Here  we  find  beds  d 
marine  shells  alternating  with  others  peculiar 
to  fresh  water,  so  that  they  seem  to  have  been 
deposited  by  recijnrocating  inundations  of 
Jreth  and  salt  water.  In  the  highest  of  the 
r^ular  strata,  the  crag,  we  at  length  can  flnd 
an  identity  with  the  shells  at  present  existing 
on  the  same  coast;  and,  lastly,  over  all  these 
strata  indiscriminately  there  is  spread  a  covers 
ing  of  gravel  (seemingly  formed  by  the  action 
of  a  deluge,  which  has  detached  and  rounded 
by  attrition  fragments  of  the  rocks  over  which 
it  swept),  containing  the  remains  of  numerous 
land  quadrupeds,  many  of  them  of  unknown 
genera  or  spedes,  (the  mastodon,  and  the  fossil 
qpecies  of  elephant  or  mammoth,  bear,  rhimv 
oeros,  and  elk),  mingled  with  othera  (hyaenas, 
&c.)  equally  strangers  to  the  climates  where 
they  are  now  found,  yet  associated  with  many 
at  present  occupying  the  same  countries. 

Another  class  of  substances  imbedded  in 
the  secondary  strata,  and  throwing  light  on 
the  convulsions  amidst  which  they  have  been 
formed,  are  the  pebbles,  or  rolled  fragments 
of  rocks,  older  than  themselves,  which  they 
are  often  found  to  contain.  Thus  the  lower 
beds  of  tlie  supermedial  order  (namely,  the 
conglomerate  rocks  of  the  new  red  sandstone) 
contain  in  great  abundance  rolled  fragments- 
of  the  carboniferous  limestone  belonging  to 
the  class  next  below  it  (the  medial  order),  as 
well  as  of  many  still  older  rocks ;  being  in 
fact  only  a  consolidated  mass  of  gravel,  com-  • 
posed  of  dehris  of  these  rocks. 

The  necessary  inferences  from  this  fact  are, 
first,  The  rock  whence  the  fragments  were  de- 
rived must  have  been  consolidated,  and,  sub- 
sequentiy  to  that  consolidation,  have  been  ex- 
posed to  the  mechanical  violence  (probably 
(he  action  of  agitated  waters)  which  tore  from 
it  these  masses,  and  rounded  them  by  attritioo, 
before  the  rock  in  which  these  fragments  are  < 
now  imbedded  was  formed ;  and,  secondly, 
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Since  loose  grarel  beds  (snd  mcfa  must  have 
been  the  original  fonn  oif  these,  though  now 
conaolidsted  into  conglomente  rocks)  cannot 
be  accumulated  to  any  extent  from  the  action 
of  gravity  on  a  highly  inclined  plane,  we  are 
sure,  when  we  find  socfa  beds,  as  we  often 
do,  in  nearly  Tertical  strata,  that  tins  cannot 
have  been  their  original  position,  but  is  one 
into  which  they  have  been  forced  by  convul- 
sions which  have  dislocated  them  subsequently 
to  tlieir  consolidation.  These  consolidated 
gravel  beds  are  called  conglomerates,  brec- 
cias, or  pudding-stones :  we  find  them  among 
tiie  transition  rock,  in  the  old  red  sandstone, 
in  the  mlUstone-grits  and  coal-grits,  in  the 
lower  members  €i  the  new  red  sandstone,  in 
the  sand  strata  beneath  the  chalk,  and  in  the 
gravel  beds  associated  with  the  plastic  cUy, 
and  interposed  between  the  chalk  and  great 
London  clay. 

From  the  occurrence  of  the  marine  remains 
lately  noticed,  occupying,  as  they  do,  rocks 
^Niead  over  tw»>thirds  of  the  surface  of  every 
part  of  our  continents  which  have  been  ex- 
plored, and  rising  to  the  highest  situations, 
^en  to  the  loftiest  summits  of  the  Pyrenees, 
and  still  more  elevated  points  on  the  Andes, 
it  is  an  inevitable  inference,  that  the  greater 
part  of  those  continents  have  not  only  been 
covered  by,  but  have  been  formed  of  materials 
collected  within  the  bosom  of  the  ocean  ;  that 
we  inhabit  countries  which  we  may  truly  call 
Jacias  at  eeqwore  terras.  The  great  and  fun- 
damental problem,  therefore,  of  theoretical 
geology,  is  obviously  to  assign  adequate  causes 
far  the  change  of  level  in  this  ocean,  which  has 
permitted  these  masses,  which  once  formed  the 
bottom  of  itschannel,  to  risein  hills  and  moun- 
tains above  its  waves.  Hie  causes  which  it  is 
possible  to  imagine,  are  reducible  to  two  ge^ 
neral  classes.  First,  The  decrease  of  the  ab- 
solute quantity  of  water.  This  must  have  re- 
sulted ftom  causes  entirely  chemical,  namely, 
the  decomposition  of  some  portion  of  the 
water,  its  constituents  entering  into  new 
forms  of  combination ;  and  its  fixation  in  the 
rocks  formed  beneath  it.  It  is  probable  that 
these  causes  have  operated  to  some  degree, 
but  it  seems  impossible  to  ascribe  to  them 
the  very  great  difference  of  level  for  which 
we  have  to  account. 

llie  second  class  of  possible  causes  is  en- 
tirely mechanical ;  those,  namely,  which  may 
have  produced  a  change  of  relative  level  with- 
out any  diminution  of  absolute  quantity  in 
the  waters. 

.  The  causes  of  this  kind  which  have  been 
proposed  are^  first.  The  absorption  of  the  wa- 
ters into  a  supposed  central  cavity ;  but  the 
now  ascertained  density  of  the  earth  (being 
greater  than  that  which  would  result  from  an 
entirely  solid  sphere  of  equal  magnitude  of 
the  most  compact  known  rock)  renders  the 
existence  of  any  such  cavity  very  doubtful. 
«  Secondly,  A  writer  in  the  Journal  of  the 


Hoyal  Institntioo,  vol.  iL  has  proposed  the 
very  Ingenious  hypothesis,  that  a  change  of 
temperature  of  a  few  degrees  will,  from  the 
unequal  expansibility  of  the  materials  of  land 
and  water,  sufficiently  account  for  tins  change 
of  levd. 

Thirdly,  It  has  been  ascribed  to  violent 
convulsions,  which  have  either  heaved  up  the 
present  continents,  or,  which  amounts  to  the 
same  thing  (as  the  same  relative  change  must 
have  taken  place  in  either  view),  depressed 
the  present  channel  of  the  ocean.  If  the  vio- 
lent elevation  of  the  continent,  or  depression 
of  the  channel  of  the  ocean,  supposed  in  the 
last  mentioned  hypothesis,  really  took  place, 
it  must  have  left  traces  in  the  disturbed,  con- 
torted, and  highly  inclined  position  of  the 
strata;  and  these  disturbances  must  be  the 
greatest  where  the  change  of  level  has  been 
the  greatest,  t.  «.  in  the  neighbourhood  of  the 
loftiest  mountains.  Now  this  is  actually  the 
case. 

In  support  of  the  hypothesis  which  ascriba 
an  important  part  to  volcanic  agency  in  mo- 
difying the  surface  of  our  planet,  the  f<dlow- 
ing,  at  least  plausible,  arguments  might  be 
adduced :— ^ 

1.  It  must  be  kept  in  view,  that  the  object 
is  to  assign  an  adequate  cause  for  the  un- 
doubted fact  of  the  emergence  of  the  loftiest 
mountains  of  the  present  continent ;  and  that 
when  so  mighty  an  effect  is  to  be  accounted 
for,  the  mind  must  be  prepared  to  admit, 
without  being  startled,  causes  of  a  force  and 
energy  greatly  exceeding  those  with  which  we 
are  acquainted  from  actual  obsenration. 

2.  llie  broken  and  disturbed  state,  and  in- 
clined poution  of  the  strata  composing  those 
continents,  many  of  which  must  have  been  «t 
the  time  of  their  original  formation  horiaontaly 
indicate,  as  we  have  seen,  that  one  at  least  of 
the  causes  operating  to  effect  this  great  change 
of  relative  level  between  the  land  and  waters^ 
was  the  elevation  of  the  former  by  mechanical 
force. 

3.  The  only  agent  with  which  we  are  ac- 
quainted, whose  operation  bears  any  analogy 
to  the  effects  above  specified,  is  the  volcanic 
energy,  which  still  occasionally  forms  new 
islands  and  elevates  new  mountains. 

4i.  Although  these  effects  are  now  indeed 
partial  and  limited,  yet  there  is  certain  proof 
that  volcanic  agency  has  formerly  been  much 
more  active :  the  extinct  volcanoes  of  the 
Rhine,  Hungary,  and  Auvergne,  as  well  as 
those  which  occupy  so  large  a  portion  of  Italy, 
where  only  one  remains  in  activity,  concur  in 
proving  that  at  present  we  experience  only  the 
expiring  efforts,  as  it  were,  of  those  gigantic 
powers  which  have  once  ravaged  the  fiuse  of 
nature. 

5.  If  to  this  certain  proof  of  the  greater 
prevalence  of  volcanic  convulsions  in  eariier, 
but  still  comparatively  recent  periods  of  the 
history  of  .our  planet,  we  add  the  presurop- 


GEOLOGY. 


501 


GEOLOGY. 


tion  that  tb'e  trap  rocks  (so'iingnlarlj  in- 
truded  among  the  regular  strata,  and  pro- 
ducing, where  they  traverse  those  strata,  so 
precisely  the  effects  of  beat  acting  under 
compression,  and  so  different  in  all  their  phe- 
nomena from  formations  decidedly  aqueous,) 
were  of  volcanic  origin,  we  shall  find  that 
scarcely  a  country  exists,  which  has  not  been 
a  prey  to  the  ravages  of  this  powerful  prin- 
dple.  If,  with  many  of  the  best  geologi- 
cal observers,  (Dr  M'CuUoch,  Von  Buch, 
Necker,  &c.)  we  incline  to  extend  the  same 
conclusions  to  granitic  rocks,  a  mass  of  vol- 
canic power,  clearly  adequate  to  all  the  re- 
quired effects,  is  provided. 

6.  The  question  will  undoubtedly  present 
itself^  what  is  the  source  of  volcanic  action  ? 
and  sufficient  proof  exists,  that  this  source  is 
deeply  seated  beneath  the  lowest  rocks  with 
which  our  examination  of  the  earth's  surface 
makes  us  acquainted ;  for,  in  Auvergne,  the 
lavas  have  evidently  been  erupted  from  be^ 
neath  the  primitive  rocks. 

7.  The  very  important  recent  discoveries 
with  regard  to  the  increased  temperature 
noticed  in  descending  deep  mines,  &c  by 
Messrs  Fox  and  Fourrier,  will,  if  confirmed 
by  further  examination,  prove,  that  some 
great  source  of  heat  exists  beneath  the  earth's 
ehist 

8.  A  degree  of  presumption  may  be  thought 
to  arise  firom  these  considerations,  that  the 
crust  of  the  earth  rests  on  a  heated  nucleus, 
the  true  source  of  volcanic  energy.  If  this 
nucleus  be  in  a  fluid  or  viscous  state,  its  un- 
dulations would  readily  account  for  the  con- 
vulsions which  have  affected  that  crust,  both 
in  originally  dislocating  and  elevating  por- 
tions of  its  strata,  and  in  the  actual  pheno- 
mena of  earthquakes,  (of  many  of  which 
phenomena  no  other  hypothesis  appean  to 
offer  a  sufficient  explanation),  while,  at  the 
same  time,  it  would  afford  an  adequate  rea- 
son for  the  figure  of  the  globe  as  a  spheroid 
of  rotation. 

9.  On  this  supposition,  we  should  at  once 
perceive  a  reason  why  the  effects  of  the  vol- 
canic force  may  have  been  much  more  vio^ 
lent  in  earlier  periods,  while  that  nuss  of  de- 
posites  which  now  covers  the  supposed  vol- 
canic nucleus  was  but  gradually  forming 
over  it,  than  at  present :  and  we  shall  also 
find  a  reason  for  the  higher  temperature, 
which  many  of  the  remains  of  both  the  ani- 
mal and  vegetable  kingdoms,  found  in  the 
strata  of  countries  now  too  cold  for  the  ex- 
istence of  their  recent  analogies,  appear  to 
indicate  as  having  formerly  prevailed. 

10.  It  must  be  remembered,  that  one  of 
the  essential  conditions  of  the  theory  above 
sketched  is,  the  operation  of  volcanic  agency 
beneath  the  pressure  of  an  incumbent  ocean ; 
and  thai  it  does  not,  therefore,  in  any  degree 
question  the  Neptunian  origin  of  the  majo- 
rity of  the  rocks  which  have  evidently  been 


formed  in  the  bosom  of  the  ocean.  With 
regard  to  the  trap  rocks  alone,  and  perhaps 
the  granitic,  does  it  venture  even  to  insinu- 
ate an  opposite  mode  of  formation. 

Mr  Conybeare  next  shows,  that  the  Wer- 
nerian  generalization  of  the  phenomena  is 
too  hasty.  It  supposes  the  basset  edges  of 
the  strata  to  occupy  levels  successively  lower 
and  lower  in  proportion  as  they  are  of  less 
ancient  formation,  and  as  they  recede  from 
the  primitive  chains,  forming  tlie  edges  oi 
the  basins  in  which  they  have  been  deposit- 
ed. For  if  we  compare  the  basset  edges  of 
the  same  strata  on  the  opposite  sides  of  the 
great  European  basin,  (assuming  the  primi- 
tive ranges  of  our  own  island  as  one  of  its 
borders,  and  those  of  the  Alpine  chains  as 
the  other),  we  shall  find  their  level  totally 
different 

The  oolite^  for  instance,  whose  highest 
point  with  us  is  less  than  1200  feet,  attains 
a  height  of  more  than  4000  in  the  Jura 
chain,  and  in  the  mountains  of  tlie  Tyrol 
has  been  observed  by  Mr  Buckland  crown- 
ing some  of  the  loftiest  and  most  rugged 
summits  of  the  Alps  themselves.  Again,  if 
we  compare  the  inclination  of  the  strata  at 
the  edges  of  ^e  basin,  we  shall  find  every 
thing  but  the  supposed  regular  gradation 
Irom  a  highly  elevated  to  a  horizontal  posi- 
tion :  on  the  contrary,  we  shall  see  the  hori- 
zontal beds  generally  reposing  at  once  upon 
the  truncal^  edges  of  those  which  lie  at 
very  considerable  angles;  and  in  place  of 
the  general  conformity  or  parallelism  which 
ought  to  prevail  between  the  several  forma- 
tions, we  shall  observe,  in  many  instances, 
appearances  of  the  greatest  irregularity  in 
this  respect ;  and  these  irregularities  will  be 
found  to  increase  in  approaclung  those  chains 
which  are  the  most  elevated. 

But  if  we  suppose,  that  during  the  regu- 
lar and  gradual  subsidence  of  the  level  of  the 
ocean,  in  the  Wemerian  system,  the  conti- 
nents were  elevated  by  mechanical  forces  act- 
ing in  a  series  of  great  convulsions,  we  shall 
perhaps  obtain  a  nearer  approximaticm  to 
agreement  with  the  actual  phenomena,  aa 
deduced  from  observation.  If  these  convul- 
sions resulted  from  volcanic  agency,  we  have 
already  seen  that  there  is  every  reason  to  be- 
lieve this  cause  to  have  acted  vrith  most  vio- 
lence in  the  earliest  periods ;  and  this  will 
sufficiently  account  for  the  greater  derange- 
ment of  the  earlier  rocks. 

That  the  valleys  have  been,  on  many  in- 
stances, entirely  excavated  by  tlie  agency  of 
powerful  aqueous  currents,  and  in  all,  great- 
ly modified  by  the  same  cause,  seems  aa 
completely  proved  as  the  natura  of  the  case 
can  possibly  admit.  llie  same  diluvial 
agency  that  has  excavated  the  valleys,  ap- 
pears also  to  have  swept  off  the  superior 
strata  from  extensive  tracts  which  they  once 
covered.     The  proofs  of  this  are  to  be  found 
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•In  tbsulited  hilla,  or  oudiert  of  thote  ilnfti,  tODs  In  wo^  up  the  ftoe  of  afarapt 

placed  at  conaidenible  dutances  from  their  high  CKarpmenta.     The  attentkm  of 

contimious  range,  with  which  thej  have  every  logista  waa  firat  directed  to  this  pbeuouieiwi 

appearance  of  having  been  once  connected ;  by  the  diflcoveriea  of  Saoanire,  who  notioad 

in  the  abrupt  and  truncated  etcarpmenta  one  of  its  most  itriking  caact     the  occor- 

which  form  the  usual  termination  of  the  rence  of  massive  fragments  torn  from  the 

strata,  and  in  the  very  great  quantity  of  their  primitive  chains  of  Uie  Alps,  scsttered  at 

debfitt  scattered  frequently  over  tracts  far  high  levels  on  the  escarpment  of  the  oppc^ 

distant  from  thoae  where  they  still  exist  m  site  calcareous  and  sccoikdary  chains  of  the 

tUu»     This  stripping  off*  the  tuperttrata  is  Jura,  although  between  the  two  points  the 

appropriately  termed  denudation.  deep  valley  containing  the  lake  of  Geneva  is 

The  most  important  agency  of  diis  kind  interposed.     This  phenomenon  is  one  of  very 

appears  to  have  been  eierted  at  an  early  pe-  common  occurrence.    The  Downs  sumnnd- 

riod,  and  subsequendy  to  the  consolidiation  ing  Bath,  (Hampton  Down  for  exampleX 

of  all  the  strata,  by  an  inundation  which  though  abruptly  scarped,  and  surrounded  by 

must  have  swept  over  them  universally,  and  valleys  more  than  600  feet  deep,  have  yet  on 

covered  ^e  whole  sur&ce  with  ^eir  debris  thdr  very  summits  flints  transported  from 

indiscriminately  thrown  together,  forming  the  distant  chalk  hiUa.     The  simplest  ex- 

the  last  great  geological  change  to  which  the  planation  of  the  fact  wiU  be,  that  these  frag- 

surfiMje  of  our  planet  appears  to  have  been  roents  were  transported  by  the  first  action  of 

exposed.  the  currents,  before  they  had  effected  the  cs- 

To  this  general  covering  of  water-worn  cavation  of  the  valleys,  now  cutting  off  all 

debris  derived  from  all  the  strata,  tiie  name  communication  with  the  native  rocka 


of  diluvium  has  been  given,  from  the  con-  they  were  derived, 
aideration  of  that  great  ^nd  universal  cata-         The  organic  remains  of  land  animals  dia- 

stropbe  to  which  it  seems  most  properiy  a»-  persed  through  this  diluvial   gravel  BBual^ 

aignable.     By  this  name  it  is  intended  to  with  the  greatest  probability,  be  refewed  to 

distinguish  it  from  the  parti|d  debris  occa-  the  races  extinguished  by  the  great  oonvul- 

sioned  by  causes  still  in  operation ;  such  ss  sion  which  formed  that  gravel ;    many  of 

the  slight  wear  produced  by  the  present  them  are  of  species  stiU  inhabiting  the  couo- 

rivers,  the  more  violent  action  of  torrents,  tries  where  they  are  thus  found;  some  of  the 

Stc.     To  the  latter  the  name  of  aUuvium  has  species  now  inhabiting  only  other  cUmatca; 

lately  been  appropriated.     It  does  not  seem  and  some  few,  of  species  and  genera  now 

|>ossible  to  assign  any  sin^e  and  uniform  entirely  unknown. 

direction  to  the  currents  which  have  driven         To  the  same  period  we  may  ascribe  the 

the  diluvial  debris  before  them ;  but  they  ap-  bones  tf  the  same  spedes    with  the  oAoor, 

pear  in  every  instance  to  have  flowed  (which  .  found  in  many  caverns ;  but,  in  many  of 

indeed  must  of  necessity  be  the  case  with  these  instances,  it  is  probable  that  some  of 


the  currents  of  subsiding  waters)  as  they  were     the  animals  now  found  there,  previously  i 
determined  by  the  configuration  of  the  ad-     habited  them  as  their  dens.    Professor  Buck- 


joining  country ;  from  the  mountains,  that  land  appears  to  have  proved  satisfrctoiily, 

is,  towards  the  lower  hilb  and  plains.     As  that  this  must  have  been  the  case  in  the  rc- 

fiu-  as  England  is  concerned,  this  principle  markable  instance  of  the  cavern  lately  dia- 

will  produce  a  general  tendency  to  a  direc-  covered  near  Kirby  Moorside,    Yorkshire, 

tion  from  north-west  towards  south  and  east,  Here  the  remains   found  in  the  greatest 

greatly  modified,  however,  by  obvious  local  abundance  are  thoae  of  hyaenas ;  with  tfaeae 

circumstances.  are  mingled  fragments  of  various  animals. 

Another  circumstance  connected  with  the  from  the  mammoth  to  the  water-nL     All 

distribution  of  these  travelled  fragments  is,  the  bones  present  evident  traces  of  having 

that  we  often  find  them  in  masses  of  con-  been  mangled  and  gnawed ;  and  the  whole 

siderable  size^  accumulated  in  situations  now  are  buried  in  a  sediment  of  mud  subseqoent- 

separated  by  the  intervention  of  deep  valleys  ly  incrusted  over  by  stalactitical  depositiona. 

from  the  parent  hills,  (if  we  may  so  speak),  Pft>fessor  Buckland's  explanation   is,   that 

whence  we  know  them  to  have  been  torn,  this  cavern  was  occupied  by  the  hyvnas ; 

This  appears  to  be  a  demonstrative  proof  that  who,  according  to  the  known  habits  of  theae 

these  intervening  valleys  must  have  been  ex-  animals,  partially  devoured  even  the  bones  of 

cavated  subsequently  to  tlie  transportation  of  their  prey,  and  dragged  them  for  tliat  pur- 

these  blocks;  for  though  we  can  readily  con-  pose  to  their  dens :  around  their  retreatB,  a 

ceive  how  the  agency  of  violent  currents  may  similar  congeries  of  mangled  bones  baa  been 

have  driven  these  blocks  down  an  inclined  noticed  by  recent  travellers.     The  proofs  of 

plane,  or,  if  the  ttis  a  tergo  were  suflicient,  these  points,  deduced  from  the  circumstances 

along  a  level  surface,  or  even  up  a  very  of  the  cavern,  the  state  of  the  bones,  and  the 

slight  and  gradual  acclivity,  it  is  impossible  ascertained  habits  of  the  animals  in  question, 

to  ascribe  to  them  the  Sisyphean  labour  of  appear  to  be  decisive.      The  sediment  in 

rolling  rocky  masses,  sometimes  of  many  which  the  bones  arc  imbedded,  and  the  oo- 
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cumnoeof  the  wemaina  of  the  mamiiiotfify 
•nd  other  ipeeieB^  only  known  (in  tbeie  cK- 
mates  at  least)  in  a  fossil  statei^  in  the  dilmrial 
grarel,  clearly  refer  their  remains  to  the  same 
era.  CaTems  containing  bones  of  a  similar 
ciaas,  the  mammoth,  the  fossil  species  of 
rhinocerosy  &c.  have  been  found  near  Swan- 
sea, at  Hatton-faill,  (on  the  Mendip  chain  in 
Somersetshire),  and  near  Flymooth.-*-lZ0r. 
JF,  />.  Conybean^  Inlrodueiion. 

The  ancient  history  of  the  globe,  which 
may  be  regarded  as  the  ultimate  object  d 
geological  researches,  is  undoubtedly  one  of 
the  most  curious  subjects  that  can  engage 
the  attention  of  enlightened  men.  The 
lowest  and  most  level  parts  of  the  earth,  when 
penetrated  to  «  very  great  depth,  exhibit  no- 
thing but  horizontal  strata,  composed  of  va- 
lious  substances,  and  containing  almost  all 
of  them  innumersble  marine  productions. 
Similar  strata,  with  the  same  kind  of  produc- 
tions, compose  the  hills  even  to  a  great 
height.  Sometimes  the  shells  are  so  nume- 
rous as  to  constitute  the  entire  body  of  the 
stratum.  They  are  almost  everywhere  in 
snch  a  perfect  state  of  preservation,  that  even 
the  smallest  of  them  retain  their  most  deli- 
cate parts,  their  sharpest  ridges,  and  tenderest 
processes.  They  are  found  in  elevations  iar 
above  the  level  of  every  port  of  the  ocean, 
and  in  places  to  which  the  sea  could  not  be 
conveyed  by  any  presently  existing  cause. 
They  are  not  merely  enclosed  in  loose  sand, 
but  are  often  incrusted  and  penetrated  on  all 
sides  by  the  hardest  stones.  Every  part  of 
the  earth,  every  hemisphere,  every  continent, 
every  island  of  any  sise,  exhibits  the  same 
phenomenon.  We  are  therefore  forcibly  led 
to  believe^  not  only  that  the  sea  has  at  one 
period  or  another  covered  all  our  plains,  but 
that  it  must  have  remained  there  for  a  long 
time,  and  in  a  state  of  tranquillity;  which 
circumstance  was  necessary  for  the  form^ion 
of  deposites  so  extensive,  so  thick,  in  part  so 
solid,  and  containing  eruvuB  so  perfectly 
preserved.  A  nice  and  scrupulous  compari- 
son of  the  forms,  contexture,  and  composi- 
tion of  these  shells,  and  of  those  which  still 
inhabit  the  sea,  cannot  detect  the  slightest 
diflbrence  between  them.  They  have  there- 
fore once  lived  in  the  sea,  and  been  deposited 
by  it :  the  sea  consequently  must  have  rested 
in  the  places  where  the  deposition  has  taken 
place.  Hence  it  is  evident,  that  the  basin 
or  reservoir  containing  the  sea  has  undergone 
some  change,  either  in  extent,  situation,  or 
both. 

The  traces  of  revolutions  become  still  more 
apparent  and  decisive  when  we  ascend  a  little 
higher,  and  approach  nearer  to  the  foot  of 
the  great  chain  of  mountains.  There  are 
still  found  many  beds  of  shells ;  some  of  these 
are  even  larger  and  more  solid ;  the  shells  are 
quite  as  numerous,  and  as  entirely  preserved ; 
but  they  are  not  of  the  same  species  with 


those  which  were  found  in  the  less  elevated^ 
regions.    The  strata  which  contain  them  are* 
not  so  generally  horiaontal ;  they  have  various 
degrees  of  inclination,  and  are  sometimes - 
situated  vertically.     While  in  the  plains  and 
low  hilb  it  was  necessary  to  dig  deep  in 
order  to  detect  the  succession  of  the  strata, 
here  we  perceive  them  by  means  of  the  val- 
leys which  time  or  violence  has  produced, 
and  which  disclose  their  edges  to  the  eye  of 
the  observer. 

Thus  the  sea,  previous  to  the  formation 
of  the  horizontal  strata,  had  formed  others, 
which  by  some  means  have  been  broken, 
lifted  up,  and  overturned  in  a  thousand  ways. 
But  the  sea  has  not  always  deposited  stony' 
substances  of  the  same  kind.  It  has  observ- 
ed a  regular  succession  as  to  the  nature  of 
its  deposites :  the  more  andoit  the  strata  are^ 
so  much  the  more  uniform  and  extensive  are 
they ;  and  the  more  recent  they  are,  the  more 
limited  are  they,  and  the  more  variation  is 
observed  in  them  at  small  distances.  Thus 
the  great  catastrophes  which  have  produced 
revolutions  in  the  basins  of  ^e  sea,  were 
preceded,  accompanied,  and  followed  by 
changes  in  the  nature  of  the  fluid,  and  of  the 
substances  which  it  held  in  solution ;  and 
when  the  surface  of  the  seas  came  to  be 
divided  by  islands  and  projecting  ridges,  dif- 
ferent changes  took  place  in  every  separate 
basin. 

Tliese  irruptions  and  retreats  of  the  sea 
have  neither  been  slow  nor  gradual ;  most  of 
the  catastrophes  which  have  occasioned  them 
have  been  sudden ;  and  this  is  easily  proved, 
especially  with  regard  to  the  last  of  them,  or 
the  Mosaic  deluge,  the  traces  of  which  are 
very  conspicuous.  In  the  northern  regions 
it  has  left  the  carcasses  of  some  large  quad- 
rupeds, which  the  ice  had  arrested,  and  which 
are  preserved  even  to  the  present  day,  with 
their  skin,  their  hair,  and  their  flesh.  If 
they  had  not  been  froien  as  soon  as  killed, 
they  must  have  been  quickly  decomposed  by 
putrefaction.  But  this  perpetual  frost  could 
not  have  taken  possession  of  the  regions 
which  these  animus  inhabited,  except  by  the 
same  cause  which  destroyed  them :  this  cause 
must  therefore  have  been  as  sudden  as  it^ 
effect  The  two  most  remarkable  phen<v> 
mena  of  this  kind,  and  which  must  for  ever 
banish  all  idea  of  a  slow  and  gradual  revolu- 
tion, are  the  rhinoceros,  discovered  in  1771 
on  the  banks  of  the  FUhouh  and  the  elephant 
recently  found  by  Mr  Adams  near  the  mouth 
of  the  Sena,  This  last  retained  its  flesh  and 
skin,  on  which  was  hair  of  two  kinds ;  one 
short,  fine,  and  crisped,  resembling  wool, 
and  the  other  like  bristles.  Hie  flesh  was 
still  in  such  high  preservation,  that  it  was 
eaten  by  dogs.  Every  part  of  the  globe 
bears  the  impress  of  these  great  and  terrible 
events  so  distinctly,  that  th^  must  be  Tisible 
to  all  who  are  qualified  to  read  their  history 
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in  the  renuriiM  which  tbej  have  left,  behbid.  at  nlpbiiric  etber,  which  will  won  take  iip« 

-^See  Cumtrs  Theory  vftht  Earth.  the  nitro-miitiate  of  goU,  keving  the  add 

I  shall  condnde  this  article  bj  stating,  colouiiess  at  the  bottom  of  the  Teasel,  which 

that  this  naturalist,  the  most  learned  of  the  must  then  be  drawn  ofil     Steel  dipped  into 

present  day,  as  well  aa  Dolomieu,  Deluc,  and  the  ethereal  aohtdon  for  a  moment,  and  in- 

Greenougb,  concur  in  thinking,  that  not  stantly  washed  in  dean  water,  will  be  com- 

above  5000  or  6000  yean  haTe  elapsed  since  pletdy  and  beautifully  covered  with  gold, 

the  period  of  the  deluge,  which  agrees  with  The  surface  of  the  sled  must  be  wdl  pdisb- 

the  Mosaic  epoch  of  that  catastn^he.     For  ed,  and  wiped  Tery  dean, 
the  applications  of  chemical  physics  to  the         For  the  method  called  Grecian  gilding 

structure  of  the  earth,  see  my  New  Sytlem  equd  parts  of  sal  immoniac  and  corrosive 

of  Geology,  sublimate  are  disserved  in  nitric  arid,  and  a 

GERMINATION.     Tlie  vital  develop-  solution  of  gold  is  made  in  this  menstruum : 

men!  of  a  seed,  when  it  fint  begins  to  grow,  upon  this  the  solution  is  somewhat  coocen- 

GIBBSIXE*     This  mineral  commonly  trated,  and  applied  to  the  surface  of  silver^ 

occurs  in  irr^ular  stalactites  from  one  to  which  becomes  quite  black ;  but,  on  being 

three  inches  in  length,  and  not  less  than  an  exposed  to  a  red  heat,  it  assumes  the  appear- 

inch  in  diameter ;  sometimes  in  large  tube-  ance  of  gilding. 

rous  masses.     Structure  indistinctly  fibrous.         The  method  of  gilding  silver,  brass,  or 

Somewhat    harder    than    calcareous    spar,  copper,  by  an  amalg*™,  is  as  foQows :  Eight 

Slightly  translucent.     Of  a  dirty  white  en-  parts  of  mercury,  and  one  of  gold,  are  inoor- 

Ipur.     Sp.  grav.  2.40.     It  contains  alumina  porated  together  by  heating  them  in  a  cruci- 

€4.8^  water  34b 7.    Infusible  before  the  blow-  ble.     As  soon  as  the  gold  is  perfectly  dis- 

pipe.     It  is  found  at  Richmond  in  Massa-  solved,  the  mixture  is  poured  into  cold  water, 

cbusetts,  N.  America,  in  a  neglected  mine  of  and  is  then  ready  for  use. 
brown  haematite  ote,-—PhiUips*  Mineralogy*         Before  the  •malgMm  can  be  laid  upon  the 

GIESECKITE.     The  name  given  by  surface  of  the  metal,  this  last  is  brushed  over 

Stromeyer  to  a  mineral  discovert  by  M.  with  dilute  aquafortis,  in  which  it  is  of  ad- 

Giesecke,  of  a  grey  and  brown  colour,  white  vantage  that  some  mercury  may  have  been 

streak,  and  spedfic  gravity  2.7  to  2.9.     It  dissolved.    Some  artists  then  wash  the  metal 

belongs  to  the  rbomboidal  sjrstem  of  Mobs,  in  lair  water,  and  spour  it  a  little  vrith  fine 

Its  form  is  designated  R  —  00,  R  -|-  CX).  sand,  previous  to  the  application  of  the  gold  ; 

No  cleavage.  but  others  apply  it  to  the  metal  whfle  still 

GILDING.     Hie  art  of  covering  the  wet  with  the  aquafortis^     But  in  dther  case 

surfaces  of  bodies  with  gold.  the  amalgam  must  be  laid  on  as  uniformlj 

The  gold  prepared  for  painting  is  called  as  possible,  and  spread  very  evenly  with  a 

shdl-gold,  or  gold-powder,  and  may  be  ob-  brass-wire  brush,  wetted  from  time  to  time 

tained  by  amalgamating  one  part  of  gold  with  fair  ivater.     The  piece  is  then  laid  up- 

with  eight  of  quicksilver,  and  afterward  eva-  on  a  grate  over  a  charcoal  fire,  or  in  a  small 

porating  the  latter,  which  leaves  the  gold  in  oven  or  furnace  adapted  to  this  purpose, 

the  form  of  powder;  or  otherwise  the  metal  The  heat  drives  off  the  mercury,  and  leaves 

may  be  reduced  to  powder  by  mechanical  the  gold  bdiind.     Its  defects  are  then  seen, 

trituration.    For  this  purpose,  gold  leaf  must  and  may  be  remedied  by  successive  applica- 

be  ground  with  honey  or  strong  gum-water  tions  of  more  amalgam,  and  additional  appli- 

for  a  long  time ;  and  when  the  powder  is  cation  of  beat     The  expert  artists,  however, 

suffidently  fine^  the  honey  or  gum  may  be  make  these  additional  applications  while  the 

washed  off  with  water.  piece  remains  in  the  f\imace,  though  the 

For  gold  gilding  by  friction,  a  fine  linen  practice  is  said  to  be  highly  noxious  on  ao- 
rag  is  steeped  in  a  saturated  solution  of  gold  count  of  the  mercurial  fumes.  After  this  it 
till  it  has  entirely  imbibed  the  liquor;  this  is  rubbed  with  gilders'  wax,  which  may  con- 
rag  is  then  dried  over  a  fire,  and  afterward  sist  of  four  ounces  of  bees*  wax,  one  ounce 
burned  to  tinder.  Now,  when  any  thing  is  of  verdigris,  and  one  ounce  of  sulphate  of 
to  be  gilded,  it  must  be  previously  well  copper;  then  expose  it  to  a  red  heat,  which 
burnished :  a  piece  of  pork  is  then  to  be  dip-  bums  off  the  vax ;  and,  lastly,  the  veork  is 
ped,  first  into  a  solution  of  salt  in  water,  and  cleared  with  the  scratch  brush,  and  burnish- 
afterward  into  the  black  powder ;  and  the  ed,  if  necessary,  with  a  steel  tool.  The  use 
piece,  after  it  is  burnished,  rubbed  with  it  of  the  wax  seems  to  consist  merely  in  cover- 

For  water  gilding,  the  solution  of  gold  ing  defects,  by  the  diffusion  of  a  quantity  of 

may  be  evaporated  till  it  is  of  an  pily  consist-  red  oxide  of  copper,  whidi  is  left  behind 

epce,  suffered  to  crystallise,  and  the  crystals  afler  the  burning. 

dissolved  in  water  be  employed  instead  of         The  gilding  of  iron  by  merp  bent  js  per- 

the  add  solution.     If  this  be  copiously  di-  formed  by  deaning  and  polishing  its  surftce^ 

luted  with  alcohol,  a  piece  of  clean  iron  will  and  then  heating  it  till  it  has  acquired  a  blue 

be  gilded  by  being  steeped  therein.     Or  add  colour.     When  this  has  been  done,  the  first 

to  the  solution  about  three  times  its  quantity  layer  pf  gold  leaf  is  put  oq,  sjj^btly  b|irn>sb- 
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ed  down,  and  exposed  to  a  gentle  fire.  It 
is  usual  to  gi^e  three  such  layers,  or  four  at 
the  most,  each  consisting  of  a  single  leaf  for 
common  works,  or  tiK'o  for  extraordinary 
ones.  The  heating  is  repeated  at  each  layer, 
and  last  of  all  the  work  is  burnished. 

The  gilding  o£  buttons  is  done  in  the  fol- 
lowing way :— When  the  buttons,  which  are 
€i  copper,  are  made,  they  are  dipped  into 
dilute  nitric  acid  to  clean  them,  and  then 
burnished  with  a  hard  black  stone.  They 
are  then  put  into  a  nitric  solution  of  mer- 
cury, and  stirred  about  with  a  brush  till  they 
are  quite  white.  An  amalgam  of  gold  and 
mercury  is  then  put  into  an  earthen  vessel 
with  a  small  quantity  of  dilute  nitric  acid, 
and  in  this  mixture  the  buttons  are  stirred, 
till  the  gold  attaches  to  their  surface.  They 
are  then  heated  over  the  fire,  till  the  mercury 
begins  to  run,  when  they  are  thrown  into  a 
large  cap  made  of  coarse  wool  and  goat*s 
hair,  and  in  this  they  are  stirred  about  with 
a  brush.  The  mercury  is  then  volatilised  by 
heating  over  the  fire  in  a  pan,  to  the  loss  of 
the  article,  and  injury  of  the  workmen's 
health;  though  the  greater  part  might  be 
recovered,  with  less  injury  to  the  operators. 
By  Act  of  Psrliament,  a  gross  of  buttons,  of 
an  inch  diameter,  are  required  to  have  five 
grains  of  gold  on  them ;  but  many  are  defi- 
cient even  of  this  small  quantity. 

Painting  with  gold  upon  porcelain  or  glass 
Is  done  vrith  the  powder  of  gold,  which  re- 
mains behind  after  distilling  the  aqua  r^ia 
from  a  solution  of  that  metid.  It  is  laid  on 
with  borax  and  gum  water,  burned  in,  and 
pc^shed.  The  gilding  of  glass  is  commonly 
effected  by  covering  the  part  with  a  soludon 
of  borax,  and  applying  gold  leaf  upon  it, 
which  is  afterward  fixed  by  burning. 

Gilding  in  oil  is  performed  by  means  of  a 
paint  sold  under  the  name  of  gold  size.  It 
consists  of  drying  oil,  (that  is  to  say,  linseed 
oil  Jboiled  upon  litharge),  and  mixed  with 
yellow  ochre.  It  is  said  to  improve  in  its 
quality  by  keeping.  This  is  laid  upon  the 
work ;  and  when  it  has  become  so  dry  as  to 
adhere  to  the  fingers  without  soiling  them, 
the  gold  leaf  is  laid  on,  and  pressed  down 
with  cotton.  This  method  of  ^ding  is  pro^ 
per  for  work  intended  to  be  exposed  to  the 
weather. 

The  method  of  jading  in  burnished  gold 
consists  in  covering  the  work  with  parch- 
ment sise  and  whiting,  diinly  laid  on  at  five 
or  six  different  times.  This  is  covered  with 
a  yellow  siae  made  of  Armenian  bole,  a  little 
wax,  and  some  parchment  size ;  but  in  this, 
as  in  most  other  (propositions  used  in  the 
arts,  there  are  variations  which  depend  on 
the  skUl  or  the  caprice  of  the  artists.  When 
the  size  is  dry,  the  gold  is  applied  upon  the 
surface  previously  wetted  with  clear  water. 
A  certain  number  of  hours  after  this  appli- 
cation, but  previous  to  the  perfect  hardening 


of  the  composition,  the  gold  may  be  very- 
highly  burnished  with  a  tool  of  agate  made 
for  tlds  purpose.    Tliis  gilding  is  fit  only  for 
work  within  doors ;  for  it  rndily  comes  off 
upon  being  wetted. 

The  edges  of  the  leaves  of  books  are  gilded 
by  applying  a  composition  of  one  part  Arm^* 
nian  bole,  and  one  quarter  of  a  part  of  sugar- 
candy,  ground  together  with  white  of  eggs. 
This  is  burnished  while  the  book  renoains  in 
the  press,  and  the  gold  is  laid  on  by  means 
of  a  little  water. 

Leather  is  gilded  either  with  leaf-brass  or 
silver,  but  most  commonly  by  the  latter,  in 
which  case  a  gold-coloured  varnish  is  laid 
over  the  metal.  Hn-foil  may  be  used  instead 
of  silver  leaf  for  this  less  perfect  gilding  upon 
such  works  as  do  not  possess  flexibility. 

GISMONDINE.     Abrazite. 

GLACIES  MARia£.     Mica. 

GLANCE.  The  name  annexed  to  cer- 
tain minerals  which  have  a  metallic  or  pseudo- 
metallic  lustre.  Hius  we  see  glance-coaly 
lead-glance,  antimony-glance,  &c. 

GLASS.  Most  of  the  treatises  which  I 
have  seen  on  the  manufacture  of  glass,  illus- 
trate a  well  known  position,  that  it  is  easy  to. 
write  a  large  volume  which  shall  communi- 
cate no  definite  information.  Hiere  are  five 
distinct  kinds  of  glass  at  present  manufac- 
tured:— 

1.  Flint  glass,  or  glass  of  lead. 

2.  Plate  glass,  or  glass  of  pure  soda. 

3.  Crown  glass,  the  best  window-glass. 

4.  Broad  glass,  a  coarse  window-glass. 

5.  Bottle,  or  coarse  green  glass. 

1.  FUnt  Gla$s,  so  named  because  the  sili- 
ceous ingredient  was  originally  employed  in 
the  form  of  ground  flints.  It  is  now  made 
of  the  following  composition :— ■ 

Purified  Lynn  sand,         100  parts 

Litharge  or  red  lead,         60 

Purified  pearl  ash,  30 

To  correct  the  green  colour  derived  from 
combustible  matter  or  oxide  of  iron,  a  little 
black  oxide  of  manganese  is  added,  and  some- 
times nitre  and  arsenic.  The  fusion  is  accom-  • 
plished  usually  in  about  thirty  hours. 

2.  PUUe  Glass*  Good  carbonate  of  soda, 
procured  by  decomposing  common  salt  with 
pearl  ash,  is  employed  as  the  flux.  The  pro- 
portion of  the  materials  is, 

Pure  sand,  43.0 

Dry  subcarbonate  of  soda,  26.5 
Pure  quicklime,  4. 

Nitre,  1.5 

Broken  plate  glass,  25.0 

100.0 
About  seventy  parts  of  good  plate  glass - 
may  be  run  off  from  these  materials. 

3.  CrtnffHf  cr  fine  window-glass*  This  b 
made  of  sand  vitrified  by  the  impure  barilla, 
manufactured  by  incineration  of  sea*weed  on 
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the  Sooieh  nd  Iridi  tboret.     The  moit  tp-  made  of  lOBpcr*!  waite  and  nwtt  mud,  in ' 

profsd  coinpofitioii  is*  propoitiont  winch  practica  nmst  dcminnie 

By  meuoM.  By  weight  according  to  the  quantity  of  the  waste ;  some 

Fine  land  purififed,       6  —  200  Boap>boilera  extracting  more  saline  matter. 

Best  kelp  ground,       1 1  —  330  and  others  less  firom  their  kefps.     Common 

These  ingredients  are  mixed,   and  tlien  sand  and  lime,  with  a  little  common  day 

thrown  into  the  firitting  arch,  where  the  sul-  and  sea  salt,  form  a  theap  mixture  for  bottle 

phur  of  the  kelp  is  dissipated,  and  the  mat-  gli 


ters  ue  thoroughly  incorporated,   forming.         As  ftr  as  obsenration  has  hitherto  directed 

when  withdrawn  at  the  end  of  four  hours,  a  us,  it  appears  to  be  a  general  rule,  that  the 

greyish- white  tough  mass,  which  is  cut  into  hardness,  brittleness,  elasticity,  and  other  me- 

brick-shaped  pieces,  and,  after  concretion  and  chanical  properties  of  congealed  bodies,  are 

cooling,  piled  up  for  use.    By  long  keeping,  greatly  affected  by  the  degree  of  rapidity 

a  soda  efflorescence  forms  on  their  surface,  with  which  they  assume  the  solid  state.  lUs, 

They  are  then  supposed  to  have  become  more  which  no  doubt  is  referable  to  the  property 

valuable.    These  bricks  are  put  into  the  melt-  of  crystalliation,  and  its  various  modes,  b 

ing  pots,  and  sometimes  a  proportion  of  com-  remarkably  seen  in  steel  and  other  metris, 

mon  salt  is  thrown  in  towards  the  end  of  the  and  seems  to  obtain  in  glass.     When  a  drop 

operation,  if  the  vitrification  lias  been  imper-  of  glass  is  suffered  to  foil  into  water,  it  is 

fecL     Under  the  article  Sulphate  of  Soda f  in  found  to  possess  the  remarkable  property  of 

this  Dictionary,  retained  from  the  old  edition,  flying  into  minute  pieces,  the  instant  a  small 

there  is  the  following  sentence.—"  Pajot  des  part  of  the  tail  is  broken  off.    This,  which  is 

Charmes  has  made  some  experiments  on  it  commonly  distinguished   by  the  name  of 

in  fabricating  glass :  with  sand  alone  it  would  Prince  Rupert's  drop,  is  similar  to  the  phi- 

not  succeed,  but  equal  parts  of  cartxMiate  of  losophical  phial,  which  is  a  small  vessri  of 

lime,  sand,  and  dried  sulphate  of  soda,  pro-  thick  glass  suddenly  cooled  by  exposure  to 

duced  a  clear,  solid,  pale  yellow  glass.'*     In  the  air.    Such  a  vessel  possesses  the  property 

the  Annals  of  Philosophy  for  January  1817,  of  flying  in  pieces  when  the  smallest  piece  of 

we  find  the  following  notice  from  Schweig-  flint  or  angular  pebble  is  let  foil  into  i^ 

ger's  Journal,  xv.  89. :— Gehlen,  some  time  though  a  leaden  bullet  may  be  dropped  into 

before  his  death,  was  occupied  with  experi-  it  from  some  height  without  injury.     Bfany  - 

ments  on  the  preparation  of  glass,  by  means  explanations  have  been  offered,  to  account 

of  sulphate  of  soda.     Professor  Scbweigger  for  these  and  other  similar  appearances,  by 

has  lately  published  the  result  of  his  trials,  reforring  to  a  supposed  mechanism  or  ar- 

He  found  that  the  following  proportions  were  rangement  of  the  particles,  or  sudden  oon- 

the  best : —  finement  of  the  matter  of  heat 

Sand,  -  -  100  The  immediate  cause,  however,  appeara  to 

Dry  sulphate  of  soda,         -       50  be  derived  from  the  fact,  that  the  dimensions 

Dry  quicklime  in  powder,  17  to  20  of  bodies  suddenly  cooled  remain  larger  than 

Charcoal,  .  .  4  if  the  refrigeration  had  been  more  grsduaL 

This  mixture  always  gives  a  very  good  Thus  the  specific  gravity  of  steel  hardened 

glass  without  any  addition  whatever.     Dur-  by  sudden  cooling  in  water  is  less,  and  its 

ing  the  fusion,  the  sulphuric  acid  is  decom-  dimensions  consequently  greater,  than  that  of 

posed  and  driven  oflT,  and  the  soda  unites  the  same  steel  gradually  cooled.     It  is  more 

with  the  silica.     Hie  sulphate  of  soda  vitri-  than  probable,   that  an  effect  of  the  same 

fies  very  imperfectly,  when  mixed  alone  with  nature  obtains  in  glass ;  so  that  the  dimen- 

the  silica.     The  vitrification  succeeds  better  sions  of  the  external  and  suddenly  cooled 

when  quicklime  is  added ;  and  it  succeeds  suHace  remain  laiger  than  are  suited  to  the 

completely,  when  the  proportion  of  charcoal  accurate  envelopment  of  the  interior  part, 

in  the  formula  is  added,  because  tlie  sulphu-  which  is  less  slowly  cooled.     In  most  of  the 

lie  acid  is  tliereby  decomposed  and  dissipated,  metals,  the  degree  of  flexibility  they  possess 

Hiis  decomposition  may  be  either  effected  must  be  sufficient  to  remedy  this  inaccuracy - 

during  the  making  of  the  glass,  or  before,  at  as  it  takes  place ;  but  in  glass,  which,  though 

the  pleasure  of  the  workmen.  very  elastic  and  flexible,  is  likewise  excessively 

4.  Broad  Ghu.     This  is  made  of  a  mix-  brittle,  the  adaptation  of  the  parts,  urged  dif- 

ture  of  soap-boilers*  waste,  kelp,  and  sand,  ferent  ways  by  their  disposition  to  retain  their 

The  first  ingredient  consists  of  lime  used  for  respective  dimensions,  and  likewise  to  r&. 

rendering  the  alkali  of  the  soap-boiler  caustici  main  in  contact  by  virtue  of  the  cohesive  at- 

the  insoluble  matter  of  his  kelp  or  barilla,  traction,  can  be  maintained  only  by  an  eli»tic 

and  a  quantity  of  salt  and  water,  all  in  a  pasty  yielding  of  the  whole,  as  far  as  may  b^  which 

state.     The  proportions  necessarily  vary.     2  will  therefore  remain  in  a  state  of  tension. 

of  the  waste,  I  of  kelp,  and  I  of  sand,  form  It  is  not  therefore  to  be  wondered  at,  that  a 

a  pretty  good  broad  glass.     They  are  mixed  solution  of  continuity  of  any  part  of  tiie  sur- 

together,  dried,  and  ffritted.  face  should  destroy  this  equilibrium  of  elaa- 

A.  B^tle  Ckus  is  the  coarsest  kind.     It  is  licity;  and  that  tbe  sudden  action  of  all  the 
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paU  Kt  0009  of  M  Inittle  •  OMrtoiul  ■hould 
dMtroy  the  contiouity  of  the  whole,  instead 
of  prodacing  an  equilibrium  of  «Dy  other 
Jcind. 

Though  the  facts  relating  to  this  disposi- 
tion of  glass  too  suddenly  cooled  are  num*- 
lous  and  interesting  to  the  philosopher,  yet 
they  constitute  a  serious  evil  with  respect  to 
.the  uses  of  this  excellent  oiateriaL  The  re- 
medy of  the  glasa>maker  consists  in  anneal- 
ing the  seTcnd  articles,  which  is  done  by 
placing  them  in  a  furnace  near  the  furnace 
of  fusion.  The  glasses  are  first  put  into  the 
hottest  part  of  this  furnace,  and  gradually 
removed  to  the  cooler  parts  at  regular  inter- 
vals of  time.  By  this  means  the  glass  cools 
very  slowly  throughout,  and  is  in  a  great 
measure  free  from  the  defects  of  glass  which 
has  been  too  hastily  cooled. 

M.  Reaumur  waa  the  first  who  made  any 
direct  experiments  upon  the  conversion  c^ 
•gl«B  into  porcelain.     Instances  of  this  eifect 
may  be  observed  among  the  rubbish  of  brick- 
kilns, where  pieces  of  green  bottles  are  not 
imfrequently  subjected  by  accident  to  the  re- 
quisite beat ;  but  the  direct  process  is  aa  fol- 
lowrs  :<— A  vessel  of  green  glass  is  to  be  filled 
up  to  the  top  with  a  mixture  of  white  sand 
.and  gypsum,  and  then  set  in  a  large  crucible 
upon  a  quantity  of  the  same  mixture,  with 
.which  the  glass  vessels  must  also  be  surround- 
ed and  covered  oyer,  and  the  whole  pressed 
down  rather  hard.     The  crucible  is  then  to 
be  covered  vrith  a  lid,  the  junctures  well 
luted,  and  put  into  a  potter's  kiln,  where  it 
must  remain  during  the  whole  time  that  the 
.  pottery  is  baking ;  lUVer  which  the  ghtts  vessel 
will  be  found  transformed  into  a  milk-white 
porcelain.     The  glass,  on  frscture,  appears 
fibrous,  as  if  it  were  composed  merely  of 
silken  threads  laid  by  the  side  of  each  other : 
it  has  also  quite  lost  the  smooth  and  shining 
appearance  of  glass,  is  very  hard,  and  emits 
.sparks  of  fire  when  struck  witli  steel,  though 
jlot  so  briskly  as  real  porcelain.     Lewis  ob- 
.  served  that  the  above-mentioned  materials 
.have  not  exclusively  this  effect  upon  glass ; 
but  that  powdered  charcoal,  soot,  tobacco- 
pipe  clay,  and  bone-ashes,  produce  the  same 
>  change.     It  is  remarkable  that  the  surround- 
.  ing  sand  becomes  in  some  measure  agglutin- 
ated by  this  process,  which,  if  continued  for  a 
sufficient  length  of  time,  entirely  destroys  the 
texture  of  the  glass,  and  rendm  it  pulveru- 
lent. 

The  ancient  stained  glass  has  been  much 
.  admired,  and  beautiful  paintings  on  this  sub- 
stance have  been  produced  of  late  years.  The 
colours  are  of  the  nature  of  those  used  in 
enamelling,  and  the  glass  should  have  no 
lead  in  its  composition.  M.  Brongniart  has 
made  many  experiments  on  this  subject  The 
purple  of  Cassius,  mixed  with  six  parts  of  a 
flux  composed  of  borax  and  glass  made  vrith 
silex  and  lead,  produces  a  very  beautiful  vio- 


let, but  Bable  to  turn  bine.  Red  ofide  of 
iron,  prepared  by  means  of  the  nitric  add  and 
subsequent  exposure  to  fire,  and  mixed  with 
a  flux  of  borax,  sand,  and  a  small  portion  of 
minium,  produces  a  fine  red.  Muriate  of 
silver,  oxide  of  sine,  white  ckiy,  and  the  yel- 
low oxide  of  iron,  mixed  together  without  any 
flux,  produce  a  yellow,  light  or  deep  accord- 
ing to  the  quantity  laid  on,  and  equsl  in  beau- 
ty to  that  of  the  ancients.  A  powder  re- 
mains on  the  surface  after  baking,  which  may 
easily  be  cleaned  offi  Blue  is  produced  by 
oxide  of  cobalt,  with  a  flux  of  silex,  potash, 
and  lead.  To  produce  a  green,  blue  must 
be  put  on  one  side  of  the  glass,  and  yellow  on 
the  other ;  or  a  blue  may  be  mixed  with  yel- 
low oxide  of  iron.  Black  is  made  by  a  mix- 
ture of  blue  with  oxides  of  manganese  and 
iron. 

The  bending  of  the  glass,  and  alteration  of 
the  colours,  in  baking,  are  particularly  to  be 
avoided,  and  require  much  care.  Gypsum 
has  been  recommended  for  their  support,  but 
thb  frequently  renders  the  glass  white  and 
cracked  in  all  directions,  probably  iVom  the 
action  of  the  hot  sulphuric  acid  on  the  alkali 
in  the  glass.  M.  Brongniart  placed  his  plates 
of  glass,  some  of  them  much  larger  than  any 
ever  before  painted,  on  very  smooth  plates  of 
earth  or  porcelain  unglased,  which  he  found 
to  answer  extremely  welL 

GLAUBER  SALT.  NaUve  sulphate  of 
soda.  Its  colours  are  greyish  and  yellowish- 
white.  It  occurs  in  mealy  efflorescences, 
prismatic  crystals,  and  imitative  shapes.  Lus- 
tre vitreous.  Cleavage  threefold.  Fracture 
conchoidal.  Soft.  Brittle.  Sp.  gr.  2.2  to 
2.3.  Taste  at  first  cooling,  then  saline  and 
bitter.  Its  solution  does  not,  like  that  of 
Epsom  salt,  afford  a  precipitate  with  an  al- 
kali. Its  constituents  are^  sulphate  of  soda 
67,  carbonate  of  soda  16^,  muriate  of  soda 
1 1 ,  carbonate  of  Ume  5.64.  It  occurs  along 
with  rock  salt  and  Epsom  salt,  on  the  borders 
of  salt  lakes,  and  dissolved  in  the  waters  of 
lakes  and  the  ocean;  in  efflorescences  on 
moorish  ground;  also  on  sandstone,  marU 
slate,  and  walls.  It  is  found  at  Eger  in  Bo- 
hemia, on  meadow-ground,  as  an  efflores- 
cence, and  in  galleries  of  mines  in  several 
places.—- JamefON. 

GLAUBERITE.  Colours,  gieyish-whlte 
and  wine-yellow.  Crystallised  in  very  low 
oblique  four-sided  prisms,  the  lateral  edges  of 
which  are  104''  2^^,  and  75^  32'.  Lateral 
planes  transversely  streaked ;  terminal  planes 
smooth.  Shining.  Fracture  foliated  or  con- 
choidal. Softer  than  calcareous  spar.  Trans- 
parent. Brittle.  Sp.  gr.  2.7.  It  decrepi- 
tates before  the  blowpipe,  and  melts  into 
white  enamel.  In  water  it  becomes  opaque, 
and  is  partly  soluble.  Its  constituents  are, 
dry  sulphate  of  lime  40,  dry  sulphate  of  soda 
51.     It  is  found  imbedded  in  rock  salt,  at 
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ViUaniba,  near  Ocana,  in  New  C^asttle  in         Sir  H.  Datj^t  researches  hsTe  rendored  H 
Spain.— >^amesofi.  more  than  probable,  that  glucina  is  a  oonw 

GLAUCOLITE.  A  massive  mineral,  pound  of  oxygen  and  a  peculiar  metallic  sub- 
presenting  tiaces  of  cleavage ;  fracture  splin-  stance,  which  may  be  called  gluemum.  By 
tery  and  uneven ;  lustre  vitreous ;  colour  la^  heating  it  along  with  potassium,  the  latter 
Yender-blue,  passing  into  green.  It  is  trans-  was  converted  for  the  most  part  into  potash; 
lucent  on  the  edges.  Hardness  5.  Sp.  gr.  and  dark  coloured  particles,  having  a  metaU 
2.721  to  2.9.     By  Bergmann's  analysis  it     lie  appearance,  were  found  diffused  throu^ 

the  mass^  which  regained  the  earthy  chaiae- 

ter  by  being  heated  in  the  air,  and  by  the 

action  of  water.     In  this  last  case,  hydragea 

was  slowly  disengaged.     According  to  Sir 

H.  Davy,  the  prime  equivalent  of  gludnn 

would  be  3.6  on  the  oxygen  scale^  and  that 

100.00  of  glucinum  2.6.     These  are  very  nearly  the 

It  occurs  in  compact  felspar  and  granular     equivalents  of  lime  and  calcium.     FVom  the 

limestone,  with  talc,  near  Lake  Bsikal  in     composition  of  the  sulphate,  Beneiius  inftn 


consists  of, 

Silica, 

54^58 

Alumina, 

29.77 

Potash, 

4.57 

Lime, 

11.08 

Siberia.  the  equivalent  to  be  3.2,  and  that  of  its 

GLAZING.     See  FOrrERY.  2.2. 

GLIMMER.    A  name  occasionally  ap-         Rose  formed  chloride  of  glucinum  by 

plied  to  micaceous  earths.  Oersted's  plan,  of  passing  chlorine  over  the 

GLIADINE.    See  Gluten.  earth  and  charcoal  heated  together.     It  veiy 

GLUCINA.     This  earth  was  discovered  much  resembles  the  chloride  of  aluminum  ; 

by  Vauquelin,  first  in  the  aqua  marina,  and  sublimes  in  white  flocculi,  having  a  silky 

afterward  in  the  emerald,  in  the  winter  of  lustre ;  is  fusible  by  a  low  heat  into  brown 

1798.     Its  name  is  derived  from  its  distin-  drops,  and  u  soluble  in  water, 
guishing  character  of  forming  with  adds  salts         Wbhler  has  succeeded  in  obtaining  gluci- 

that  are  sweet  to  the  taste.    Hie  following  is  num  by  a  new  process.     The  glucina  em- 

his  method  of  obtaining  it :—  ployed  for  the  purpose  had  been  dissolved  in 

Let  100  parts  of  beryl  or  emerald  be  re-  caifoonate  of  ammonia.  It  was  then  intimate- 

duced  to  a  fine  powder,  and  fused  in  a  silver  ly  mixed  with  charcoal,  and  heated  to  redness 

crucible  with  300  of  pure  potash.     Let  the  in  a  current  of  dry  chlorine  gas.     Hie  r»- 

mass  be  diffused  in  water,  and  dissolved  by  suiting  chloride  was  put  into  a  platina  cruci- 

adding  muriatic  acid.     Evaporate  the  solu-  ble  with  flattened  pieces  of  potassium ;  the 

tion,  taking  care  to  stir  it  toward  the  end :  crucible  was  securely  covered,  and  heated 

mix  the  residuum  with  a  large  quantity  of  with  a  spirit  lampw      The  reduction  look 

water,  and  filter,  to  separate  the  silex.     F^  place  instantaneously,  and  with  so  great  an 

dpitate  the  filtered  liquor  which  contains  the  evolution  of  heat,  that  the  crucible  became 

muriates  of  alumina  and  gludna,  with  car-  white-hot.     When  the  cnidble  got  cold,  it 

bonate  of  potash ;  wash  the  precipitate,  and  was  invested  in  a  vessel  of  water :  the  fused 

dissolve  it  in  sulphuric  add.     Add  a  certain  mass  of  chloride  of  potassium  and  gludnum 

quantity  of  sulphate  of  potash,  evaporate,  and  dissolved  with  a  slight  evolution  of  sulphurel- 

crystak  of  alum  will  be  obtained.     V/lien  no  ted  hydrogen,  and  the  gludnum  separated  in 

waore  alum  is  afforded  by  adding  sulphate  of  the  state  of  a  grey-black  powder,  which  was 

potash  and  evaporating,  add  solution  of  car-  washed  on  a  filter  and  dried.   This  substance 

bonate  of  ammonia  in  excess,  shake  the  mix-  has  perfectly  the  appearance  of  a  metal  pre- 

ture  well,  and  let  it  stand  some  hours,  till  the  dpitated  very  finely  and  dried ;  by  bumishing» 

glucina  is  redissolved  by  the  excess  of  car-  it  acquires  a  dark  metallic  lustre.     At  ooid- 

bonate  of  ammonia,  and  nothing  but  the  alu-  mon  temperatures  it  oxidizes  ndther  in  air 

mina  remains  at  the  bottom  of  the  vessel,  nor  water,  nor  even  in  boiling  water.    When 

filter  the  solution,  evaporate  to  dryness,  and  heated  to  redness  on  platina  foil,  it  inflames 

expel  the  add  from  the  carbonate  of  gludna  with  great  splendour,  and  becomes  coIouf- 

by  slight  ignition  in  a  crudble.     Thus  15  or  less  glucina ;  in  oxygen  it  bums  with  extra- 

16  per  cent  of  pure  glucina  will  be  obtained.  ordinary  brilliancy.     Wlien  moderately  heat- 

Glucina  thus  obtained  is  a  white  soft  pow-  ed  in  chlorine  it  bums  with  great  splendour ; 

der,  light,  insipid,  and  adhering  to  the  tongue,  as  also  in  tlie  vapour  of  bromine  and  iodine. 
It  does  not  change  vegetable  blues.     It  does         GLUE.     An  inspissated  jelly  made  from 

not  harden,  shrink,  or  agglutinate  by  heat ;  the  parings  of  hides  and  other  oflbls,  by 

and  is  infusible.    It  is  insoluble  in  water,  boiling  them  in  water,  straining  tlirougfa  a 

but  forms  with  it  a  slightly  ductile  paste.   It  wicker  basket,  suffering  the  impurities  to  sub- 

is  dissolved  by  potash,  soda,  and  carbonate  of  side^  and  then  boiling  it  a  second  time.    Hie 

ammonia  ;  but  not  by  pure  ammonia.     It  articles  should  first  be  digested  in  lime  water» 

unites  with  sulf^uretted  hydrogen.    Its  salts  to  cleanse  them  from  grease  and  dirt ;  then 

liave  a  saccharine  taste,  with  somewhat  of  a»-  bteeped  in  water,  stirring  them  well  from 

tringency.     See  Salt.  time  to  time ;  and  lastly,  laid  in  a  heap,  to 
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have  the  water  pressed  out,  before  tbey  are 
put  into  the  boUer.  Some  recommend,  that 
the  water  should  be  kept  as  nearly  as  possi- 
ble to  a  boiling  heat,  without  suffering  it  to 
enter  into  ebullition.  In  this  state  it  u  pour- 
ed into  flat  frames  or  moulds,  then  cut  into 
square  pieces  when  congealed,  and  afterwards 
dried  in  a  coarse  net  It  is  said  to  improve 
by  age ;  and  that  glue  is  reckoned  the  best 
which  swells  considerably  without  dissolving 
by  three  or  four  days*  infusion  in  cold  wa- 
ter, and  recovers  its  former  dimensions  and 
properties  by  drying. 

Shreds  or  parings  of  vellum,  parchment,  or 
white  leather,  make  a  clear  and  almost  co- 
lourless glue. 

GLUTEN  (VEGETABLE).  If  wheat- 
flour  be  made  into  a  paste,  and  washed  in  a' 
large  quantity  of  water,  it  is  separated  into 
three  distinct  substances :— «  mucilaginous 
saccharine  matter,  which  is  readily  dissolved 
in  the  liquor,  and  may  be  separated  from  it 
by  evaporation ;  starch,  which  b  suspended 
in  the  fluid,  and  subsides  to  the  bottom  by  re^ 
pose ;  and  gluten,  which  remains  in  the  hand, 
and  is  tenacious,  very  ductile,  somewhat  elas- 
tic, and  of  a  brown-grey  colour.  The  flrst 
of  these  substances  does  not  essentiaUy  differ 
from  other  saccharine  muciUges.  The  second, 
namely  the  starch,  forms  a  gluey  fluid  by 
boiling  in  water,  though  it  is  scarcely,  if  at 
all,  acted  upon  by  that  fluid  when  cold.  Its 
habitudes  and  products  with  the  Are,  or  with 
nitric  acid,  are  nearly  the  same  as  those  of 
gum  and  of  sugar.  It  appears  to  be  as  much 
more  remote  from  the  saline  state  than  gum, 
as  gum  is  more  remote  from  that  state  than 

sugar. 

The  vegetable  gluten,  though  it  existed 
before  the  washing  in  the  pulverulent  form, 
and  has  acquired  its  tenacity  and  adhesive 
qualities  from  the  water  it  has  imbibed,  is 
nevertheless  totally  insoluble  in  this  fluid. 
It  has  scarcely  any  taste.  When  dry,  it  is 
semitransparent,  and  resembles  glue  in  its 
colour  and  appearance.  If  it  be  drawn  out 
thin,  when  first  obtained,  it  may  be  dried  by 
exposure  to  the  air;  but  if  it  be  exposed  to 
warmth  and  moisture  while  wet,  it  putrefies 
like  an  animal  substance.  The  dried  gluten 
applied  to  the  flame  of  a  candle,  crackles, 
swells,  and  burns,  exactly  like  a  feather  or 
pece  of  horn.  It  affords  the  same  products 
by  destructive  distillation  as  animal  matters 
do;  is  not  soluble  in  alcohol,  oils,  or  ether; 
and  is  acted  upon  by  acids  and  alkalis,  when 
heated.  According  to  Rouelle,  it  is  the  same 
with  the  gaseous  substance  of  milk* 

Gluten  of  W'Aea/.— M.  Taddei,  an  Italian 
chemist,  has  lately  ascertained  that  the  gluten 
of  wheat  may  be  decomposed  into  two  prin^ 
ciples,  which  he  has  distinguished  by  the 
names,  gliadine  (from  yXi«,  gluten),  and  ai- 
mome  (from  Zv/^n,  ferment).  They  are  ob- 
tained in  a  separate  state  by  kneading  the 


fresh  gluten  in  successive  portions  of  aloobol^ 
as  long  as  that  liquid  continues  to  become 
milky  when  diluted  with  water.  The  alco- 
hol solutions  being  set  aaide^  gradually  depo- 
sit a  whitish  matter,  consisting  of  small  fila- 
ments of  gluten,  and  become  perfectiy  trans- 
parent. Being  now  left  to  slow  evaporation, 
the  gliadine  remains  behind,  of  the  consis- 
tence of  hon^,  and  mixed  with  a  littie  yellow 
resinous  matter,  from  which  it  may  be  freed 
by  digestion  in  sulphuric  ether,  in  which 
gliadine  is  not  sensibly  soluble.  The  portion 
of  the  gluten  not  dissolved  by  the  alcohol  is 
the  ximoTne. 

Properties  of  G/tWme.— When  dry,  it  has 
a  stiraw-yellow  colour,  slightiy  transparent, 
and  in  thin  plates,  brittle,  having  a  slight 
smell,  similar  to  tliat  of  honeycomb,  and, 
when  slightly  heated,  giving  out  an  odour 
similar  to  that  of  boiled  apples.  In  the 
mouth,  it  becomes  adhesive,  and  has  a  sweet- 
ish and  balsamic  taste.  It  is  pretty  soluble 
in  boiling  alcohol,  which  loses  its  transpa- 
rency in  proportion  as  it  cools,  and  then  re- 
tains only  a  small  quantity  in  solution.  It 
forms  a  kind  of  varnish  on  those  bodies  to 
which  it  is  applied.  It  softens,  but  does  not 
dissolve  in  cold  distilled  water.  At  a  boiling 
heat  it  is  converted  into  froth,  and  tiie  liquid 
remains  slightiy  milky.  It  is  specifically 
heavier  than  water. 

The  alcoholic  solution  of  gliadine  becomes 
milky  when  mixed  with  water,  and  is  preci- 
pitated in  white  flocks  by  the  alkaline  carbo- 
nates. It  is  scarcely  affected  by  the  mineral 
and  vegetable  acids.  Dry  gliadine  dissolves 
in  caustic  alkalis  and  in  adds.  It  swells 
upon  red-hot  coals,  and  then  contracts  in  the 
manner  of  animal  substances.  It  bums  with 
a  pretty  lively  flame,  and  leaves  behind  it  a 
light  spongy  charcoal,  difficult  to  incinerate. 
Gliadine,  in  some  respects,  approaches  the 
properties  of  resins ;  but  diflfers  from  them  in 
being  insoluble  in  sulphuric  ether.  It  is  very 
sensibly  affected  by  the  infusion  of  nut-galls. 
It  is  capable  of  itself  of  undergoing  a  slow 
fermentation,  and  produces  fermentation  in 
saccharine  substances. 

From  the  flour  of  barley,  rye,  or  oats,  no 
gluten  can  be  extracted  as  from  that  of  wheat, 
probably  because  they  contain  too  small  a 
quantity.     See  ZofOBis. 

Berzelius  says,  that  the  gliadine  and  zimo- 
me  of  Taddei  are  merely  vegetable  albumen 
and  gelatin,  which  see. 

GLYCERINE.  The  sweet  principle  of 
oils,  so  called  by  M.  Chevreul.  It  is  pre- 
pared by  heating  equal  parts  of  olive  oil  and 
finely  ground  litharge  in  a  basin  with  a  little 
water,  stirring  constantiy  with  a  spatula,  and 
adding  hot  water  to  replace  what  is  dissipated 
by  evaporation,  till  the  litharge  and  oil  have 
combined  into  the  consistence  of  a  plaster. 
A  fresh  quantity  of  water  is  now  added,  the 
basin  is  removed  from  the  fire,  the  liquid  is 
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dflented  off  and  filtemL  SulpbimCtod  by- 
drogen  having  pMwd  through  it  to  wpante 
any  laadt  it  is  again  filtered,  then  concen- 
inited  as  much  as  possible  by  the  water  bath, 
and  finally  placed  in  the  dry  Tacuum  for  a 
long  time^  at  a  temperature  of  about  7(P  F., 
whore  it  acquires  a  syrupy  consistence^  It 
is  transparent,  colourless,  and  void  of  smell ; 
its  taste  is  very  sweet ;  its  sp.  gr.  is  L262  at 
the  temperature  of  62^.  In  the  air  it  attracts 
humidity,  and  when  thrown  on  burning  ooaU 
infiaroes  after  the  manner  of  oils.  Waier 
oombines  with  it  in  almost  all  proportions ; 
nitric  acid  converts  it  into  the  oxalic  acid ; 
and,  according  to  M.  Vogel,  sulphuric  acid 
transforms  it  into  sugar,  as  it  does  starch. 
It  is  capable  of  dissolving  a  small  quantity  of 
lead.  Leaven  does  not  cause  it  to  ferment, 
nor  does  acetate  of  lead  affect  its  solution^ 
Ml  Chevreul  found  it  composed  of 

Carbon,  40.071 

Oxygen,  51.004 

Hydrogen,         h.925 

100.000 

GNEISSb  A  compound  rock,  eonsiBting 
of  felspar,  quartz,  and  mica,  disposed  in  slates, 
from  the  predominance  of  the  mica  scales. 
Its  structure  is  called  by  Werner,  granular* 
ahrty.  This  geognostic  formation  is  always 
stratified;  contains  sometimes  crystals  of 
schorl,  tourmaline^  and  garnet,  and  is  pecu- 
liarly rich  in  metallic  ores. 

GOLD  is  a  yellow  metal,  of  specific  gra- 
Vity  19.3.  It  is  soft,  very  tough,  ductile^ 
and  malleable ;  unalterable  and  fixed,  Ae- 
ther exposed  to  the  atmosphere,  or  to  the 
strongest  heat  of  furnaces.  Powerful  burning 
mirrors  have  volatilised  it ;  and  it  has  been 
driven  up  in  fumes,  in  the  metallic  state,  by 
flame  urged  upon  it  by  a  stream  of  oxygen 
gas.  The  electric  shock  converts  it  into  a 
purple  oxide,  as  may  be  seen  by  transmitting 
thai  commotion  through  gold  leaf,  between 
two  plates  of  glass;  or  by  causing  the  explo- 
sive spark  of  three  or  more  square  feet  of 
coated  glass,  to  fall  upon  a  gilded  surface. 
A  heat  of  329  W.  or  perhaps  1300°  F.  is  re- 
quired  to  melt  it,  which  does  not  happen  till 
after  ignition.  Its  colour  when  melted,  is 
of  a  bluish-green ;  and  the  same  colour  is 
exhibited  by  light  transmitted  through  gold 
leaf. 

The  limits  of  the  ductility  and  malibility 
of  gold  are  not  known. 

The  method  of  extending  gold  used  by  the 
gold-beaters,  consists  in  hammering  a  number 
of  thin  rolled  plates  between  skins  or  animal 
membranes*  By  the  weight  and  measure  of 
the  best  wrought  gold  leaf,  it  b  found,  that 
one  grain  is  made  to  cover  56|  square  inches  ; 
and  from  the  specific  gravity  of  the  metal,  t»- 
getber  with  this  admeasurement,  it  follows, 
that  the  leaf  itself  is  1-S82,000th  part  of  an 
inch  thick.     Tliis,  however,  is  not  the  limit 


of  the  maUeability  of  gold ;  for  the  gM- 
beaten  find  it  necessary  to  add  three  grains 
of  copper  in  the  ounce  to  harden  the  goldt 
which  otherwise  would  pass  round  the  irr». 
gularities  of  the  newest  skins,  and  not  over 
them;  and  in  using  the  old  skins,  which  ara 
not  so  perfect  and  smooth,  they  proceed  so 
far  as  to  add  twelve  grains.  The  wire  which 
is  used  by  the  lace-makers  is  drawn  fnm.  an 
ingot  of  silver,  previously  gilded.  In  this 
way,  from  the  known  diameter  of  the  wire^ 
or  breadth  when  flattened,  and  its  length,  U^ 
gether  with  the  quantity  of  gold  used,  it  Is 
found,  by  computation,  that  the  covering  of 
gold  is  only  ]-12th  part  of  the  thickness  of 
gold  leaf,  though  it  still  is  so  perfect  as  to 
exhibit  no  cracks  when  viewed  by  a  micro- 
scope. 

No  acid  acts  readily  upon  gold  but  aqua 
regia,  and  aqueous  chlorine.  Chromic  add 
added  to  the  muriatic  enables  it  to  dissolve 
gold. 

The  small  degree  of  concentration  of  which 
aqueous  chlorine  is  susceptible^  and  the  im- 
pcrfect  action  of  the  latter  acids,  render  aqua 
regie  the  most  convenient  solvent  far  this 
metaL 

When  gold  is  immersed  in  aqua  regia,  an 
effervescence  takes  place ;  the  solution  tinges 
animal  matters  of  a  deep  purple,  and  coirodes 
them.  By  careful  evaporation,  fine  crystals 
of  a  topaz  colour  are  obtained.  Hie  gold  is 
predpitated  from  its  solvent  by  a  great  num- 
ber of  subsunces.  Lime  and  magnesia  pf». 
dpitate  it  in  the  form  of  a  yellowish  powder. 
Alkalis  exhibit  the  same  appearance;  but  an 
excess  of  alkali  redissolves  the  predpitate. 
The  predpitate  of  gold  obtained  from  aqua 
regia  by  the  addition  of  a  fixed  alkali  appean 
to  be  a  true  oxide,  and  is  soluble  in  the  sul- 
phuric, nitric,  and  muriatic  adds ;  from  which, 
however,  it  separates  by  standing,  or  by  ev». 
poration  of  the  acids.  Gallic  add  predpi- 
tates  gold  of  a  reddish  colour,  very  soluble 
in  the  nitric  acid,  to  which  it  communicates 
a  fine  blue  colour. 

Ammonia  predpitates  the  solution  of  gold 
much  more  readily  then  fixed  alkalis,  lliia 
predpitate,  which  is  of  a  brown,  yellow,  or 
orange  colour,  possesses  the  property  of  de- 
tonating with  a  very  considerable  ndse  when 
gently  heated.  It  is  known  by  the  name  of 
fulminating  gold.  The  presence  of  ammonia 
is  necessary  to  give  the  fulminating  property 
to  the  predpitate  of  gold ;  and  it  will  be  pro- 
duced by  predpitating  it  with  fixed  alkali, 
from  an  aqua  regia  previously  made  by  adding 
sal  ammoniac  to  nitric  acid ;  or  by  predpitaU 
ing  tlie  gold  from  pure  aqua  regia,  by  means  of 
sal  ammonia,  instead  of  the  ammonia  alone. 
The  fulminating  gold  weighs  one-fourth  mora 
than  the  gold  mi2ie  use  of.  A  consideraUo 
degree  of  precaution  is  necessary  in  prepar- 
ing this  substance.  It  ought  not  to  be  dried 
but  in  the  open  air,  at  a  distance  from  a  firc^ 
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booHiM  •  ▼eiy  geotia  beat  may  cause  it  to 
ezpkxle.  SeTeral  fatal  accidents  baTe  arisen 
from  its  ezplosioii,  in  consequence  of  Uie 
friction  of  ground  stoppers  in  bottles  con- 
taining tliis  substance,  of  whicb  a  small  por- 
tion remained  in  tbe  neck. 

Fulminating  gold,  when  exposed  by  Ber* 
thollet  to  a  very  gentle  beat  in  a  copper  tube, 
with  tbe  pneumatical  apparatus  of  mercury* 
was  deprived  of  its  fulminating  quality,  and 
cooTerted  into  an  oxide  at  tbe  same  time  that 
ammoniacal  gas  was  disengaged.  From  this 
dangerous  experiment  it  is  ascertained,  Uiat 
fulminating  gold  consists  of  oxide  of  gold 
combined  with  ammonia.  The  same  eminent 
philosopher  caused  fulminating  gold  to  ex- 
plode in  copper  vessels.  Nitrogen  gas  was 
disengaged,  a  few  drops  of  water  appeared, 
and  the  gold  was  reduced  to  the  metallic 
form.  In  this  experiment  he  infers,  that  the 
ammonia  was  decomposed ;  that  the  nitrogen, 
suddenly  assuming  tbe  elastic  state,  caused 
the  explosion,  while  the  oxygen  of  the  oxide 
united  with  tbe  hydrogen  of  the  alkali,  and 
formed  the  water. 

Tbis  satisfactory  theory  was  still  farther 
confirmed  by  the  decomposition  of  fulminat- 
ing gold,  which  takes  place  in  consequence  of 
the  action  of  the  concentrated  sulphuric  acid, 
of  melted  sulphur,  fat  oils,  and  ether;  all 
which  deprived  it  of  its  fulminating  quality, 
by  combining  with  its  ammonia. 

Sulphurets  precipitate  gold  from  its  sol- 
ventt  tbe  alkali  uniting  with  the  acid,  and 
tbe  gold  falling  down  combined  with  the  sul- 
phur ;  of  whicb,  however,  it  may  be  deprived 
by  moderate  heat 

Most  poetalUc  substances  precipitate  gold 
from  aqua  regia:  lead,  iron,  and  silver,  prfr- 
dpitate  it  of  a  deep  and  dull  purple  colour ; 
copper  and  iron  throw  it  down  in  its  metallic 
4taAe;  bismuth,  zinct  and  mercury,  likewise 
precipitate  it.  A  plate  of  tin,  immersed  in 
a  solution  of  gold,  affords  a  purple  powder, 
called  the  purple  powder  of  Cassius,  which 
is  used  to  paint  in  enamel. 

Ether,  naphtha,  and  essential  oils,  take 
gold  fVom  its  solvent,  and  from  liquors,  which 
have  been  called  potable  gold.  The  gold 
which  is  precipitated  by  evaporation  of  these 
fluids,  or  by  the  addition  of  sulphate  of  iron 
to  the  solution  of  gold,  is  of  the  utmost 
purity. 

Most  metals  unite  with  gold  by  fusion. 
With  silver  it  forms  a  compound,  which  is 
paler  in  proportion  to  the  quantity  of  silver 
added.  It  is  remarkable,  that  a  certain  pro- 
portion, for  example  a  fifth  part,  renders  it 
greenish.  From  this  circumstance,  as  well 
as  from  that  of  a  considerable  proportion  of 
these  metals  separating  from  each  other  by 
fusion,  in  consequence  of  their  different  spe- 
cific gravities,  when  their  proportions  do  not 
greatly  differ,  it  should  seem  that  their  union 
is  little  more  than  a  mere  mixture  without 


Gombinalion ;  for,  as  gold  leaf  tnusmita  tha 
green  lays  of  tight,  it  will  easily  follow,  that 
particles  of  silver,  enveloped  in  partJcks  of 
gold,  will  reflect  a  green  instead  of  a  whit« 
light. 

A  strong  beat  is  necessary  to  combine  pla- 
tina  with  gold :  it  greatly  alters  tbe  colour 
of  the  gold,  if  its  weight  exceed  the  Ibrty- 
seventb  part  of  the  mass. 

Mercury  is  strongly  disposed  to  unite  with 
gold  in  all  proportions,  with  whicb  it  forms 
an  amalgam :  this,  like  other  amalgams,  is 
softer  the  larger  the  proportion  of  mercury. 
It  softens  and  liquefies  by  heat,  and  crystaU 
lixes  by  cooling. 

Lead  unites  with  gold,  and  considerably 
impairs  its  ductility ;  oae>fourth  of  a  grain 
to  an  ounce  rendering  it  completely  brittle* 
Copper  renders  gold  less  ductile,  harder,  more 
fusible,  and  of  a  deeper  colour.  This  is  the 
usual  addition  in  coin,  and  other  articles  used 
in  society.  Tin  renders  it  brittle  in  propor- 
tion to  its  quantity ;  but  it  is  a  common  error 
of  chemical  writers  to  say,  that  the  slightest 
addition  is  sufficient  for  this  purpo8&  When 
alloyed  with  tin,  however,  it  will  not  bear  a 
red  heat.  With  iron  it  forms  a  grey  mixture, 
which  obeys  tbe  magnet.  Ibis  metal  is  very 
bard,  and  is  said  to  be  much  superior  to  steel 
for  the  fabrication  of  cutting  instruments. 
Bismuth  renders  gold  white  and  brittle ;  as 
do  likewise  nickel,  manganese,  arsenic,  and 
antimony.  Zinc  produces  the  same  effect ; 
and,  when  equal  in  weight  to  the  gold,  a 
metal  of  a  fine  grain  is  produced,  which  is 
said  to  be  well  adapted  to  form  the  mhnrors 
of  reflecting  telescopes,  on  account  of  the 
fine  polish  it  is  susceptible  of,  and  its  not 
being  subject  to  tarnish.  The  alloys  of  gold 
with  molybdena  are  not  known.  It  could 
not  be  mixed  with  tungsten,  on  account  of 
the  infiisibility  of  this  last  substance.  Mr 
Hatchett  gives  tbe  following  order  of  diffe- 
rent metals,  arranged  as  they  diminish  the 
ductility  of  gold  :  Bismuth,  lead,  antimony, 
arsenic,  zinc,  cobalt^  manganese,  nickel,  tin, 
iron,  platina,  copper,  silver.  Tbe  first  three 
were  nearly  equal  in  effect ;  and  the  platina 
was  not  quite  pure. 

For  the  purposes  of  coin,  Mr  Hatdiett 
considers  an  alloy  of  equal  parts  of  silver  and 
copper  as  to  be  preferred,  and  copper  alone 
as  preferable  to  silver  alone. 

Tbe  peroxide  of  gold  thrown  down  by  pot* 
ash  from  a  solution  of  the  neutral  muriate 
consists,  according  to  Berzelius,  of  100  gold 
.  and  12  ozygen.  It  ii  probably  a  tritozidew 
The  protozide  of  a  greenish  colour,  is  pro- 
cured by  treating  with  potash  water  muriate 
of  gold,  after  heat  has  expelled  the  chlorines 
It  seems  to  consist  of  100  metal  -f-  4  ozygen. 
Ibe  prime  equivalent  of  gold  comes  out  a|^ 
parently  25. 

The  gold  coins  of  Great  Britain  contaifi 
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deren  parts  of  gold,  and  one  of  copper.    See  Tiding  metallic  aobstances  into  giainfl  or 

Abay,  GiLODfO,  and  Ores  of  Gold.  small  particies»  in  order  to  facilitate  tbeir 

GON G,  or  T AM-TA  M,  of  the  Qiinese ;  combination  with  otber  fnibttanccii,  and  i 

a  species  of  cyndud  which  produces  a  very  times  for  the  puqiose  of  readily 


loud  sound  on  being  struck.     It  is  an  alloy,  them  by  weight, 

according  to  M.  Thenard's  analysis,  of  about  This  is  done  either  by  pouring  the  mdted 

80  pans  of  copper  and  20  of  tin.  metal  into  water,  or  by  agitating  it  in  a  box 

-    GONIOMETER.     An  instrument  for  until  the  moment  of  congelation,  at  which 

measuring  the  angles  of  crystals.    See  Cavs-  instant  it  becomes  converted  into  a  powder. 

TAUJZATION.  Various  contrivances  are  used  to  preveul 

GORGONIA  NOBILI&  The  red  danger,  and  ensure  success,  in  the  several 
coraL  It  consists  of  an  interior  stem,  com-  manufactures  that  require  gnmulation.  Cop- 
posed  of  gelatinous  matter  and  carbonate  of  per  is  granulated  for  niaking  brass,  1^  pour- 
lime,  with  a  cortex,  consisting  of  membrane  ing  it  throng  a  perforated  ladle  into  a  oo- 
with  caibooate  of  lime,  coloured  by  some  vered  vessel  of  water  with  a  jooreMe  fidae 
unknown  substance.  bottom.      A  compound    metal,    consisting 

GOULARD'S  EXTRACT.      A  satu-  chiefly  of  lead,  is  poured  into  water  through 

rated  solution  of  subacetate  of  lead.     See  a  perforated  vessel  of  another  kind,  for  mak- 

Lead.  ing  small  shot,  in  which  the  height  above  the 

GOUTY     CONCRETIONS.       Tbese  surface  of  the  fluid  requires  particubu- adjust- 

have  been  called  chalk-stones  firom  their  ap-  njent     In  a  new  manu£K:tory  of  this  kind, 

pearance ;   but  Dr  Wollaston  first  demon^  the  height  is  upward  of  100  feet 

strated  their  true  composition  to  be  uric  add  GRAPHIC  ORE.    An  ore  of  telluriun^ 


combined  with  ammonia,  and  thus  explained  occurring  in  veins  in  porphyry  in  Tran^li 

the  mysterious  pathological  relation  between  nia.     It  consists,  in  100  parts,  of  60  teHu- 

gout  and  gravel.    See  Calculus  (Urinary),  rium,  30  gold,  and  10  silver,  fay  Klaproth. 

Gouty  concretions  are  sof^  and  friable.  GRAPHITE.  Rhomboidal  graphite  of 
Hiey  are  insoluble  in  cold,  but  sli^itly  in  Jameson,  or  plumbago,  of  which  he  gives 
boiling  water.  An  acid  being  added  to  this  two  sub-species,  the  scsly  and  compact 
solution,  seizes  the  soda,  and  the  uric  add  is  Itt,  Scaly  GrapkUe.  Colour  dark  steel- 
deposited  in  small  crystals.  These  concre-  grey,  approaching  to  iron-black.  It  occurs 
tions  dissolve  readily  in  water  of  potash.  An  massive,  disseminated  and  crystallized.  The 
artificial  compound  may  be  maide  by  tritu-  primitive  form  is  a  riiomboid.  The  second- 
rating  uric  add  and  soda  with  warm  water,  ary  form  is  the  equiangular  six-sided  taUe. 
which  exactly  resembles  gouty  concretions  in  Lustre  splendent,  metallic.  Cleavage  single, 
its  chemical  constitution.  Fracture  scaly  fbUated.     Streak  shining  and 

GRAINER.     Hie  lixivium  obtained  by  metallic.     Hardness  sometimes  equal  to  that 

infusing  pigeons*  dung  in  water,  is  used  for  of  gypsum.     Perfectly  sectile.     Rather  dif- 

giving  flexibility  to  skins  in  the  process  of  flcultly   frangible.      It    writes    and    soils, 

tanning,  and  is  called  the  grainer.  Streak  on  pap«r  black.     Feels  very  greasyw 

GRAMMATITE.     See  Tremoute.  Sp.  gr.  from  1.9  to  2.4. 

GRaNATITE.     See  Grenatite.  2d,   Compact    Graphite.      Colour  rather 

GRANITE.  A  compound  rock,  con-  blacker  than  preceding.  Massive,  disaemi- 
sistiog  of  quartz,  felspar,  and  mica,  each  nated,  and  in  columnar  concretions.  Inter- 
crystallized  and  cohering  by  mutual  affinity,  nal  lustre  glimmering  and  metallic  Frac- 
without  any  basis  or  cement  The  felspar  ture  small-grained  uneven,  passing  into  con- 
commonly  predominates,  and  the  mica  is  in  choidal.  When  heated  in  a  furnace,  it  bums 
smallest  quantity.  The  colours  of  the  felspar  without  flame  or  smoke,  forming  carbonic 
are  white,  red,  grey,  and  green.  The  quartz  add,  and  leaving  a  residuum  of  iron.  Ita 
is  light  grey,  and  the  mica  dark.  Hie  gra^  constituents  are,  carbon  91,  iron  9.— Brt^ 
nular  crystals  vary  exceedingly  in  size,  in  thoUeU  It  sometimes  contains  nickel,  duo- 
different  granite  rocks.  Occanonally  gra-  mium,  manganese,  and  oxide  of  titanium, 
nite  is  stratified ;  but  sometimes  no  strati fi-  It  usually  occurs  in  beds,  sometimes  dis- 
cation  can  be  percdved.  Large  globular  seminated  and  in  imbedded  masses,  in  gra- 
masses,  called  rolling  stones,  are  frequently  nite,  gndss,  mica-slate,  clay-slate,  foliated 
met  with,  composed  each  of  concentric  1&-  granular  limestone,  coal  and  trap  formations, 
mellar  concretions.  Schorl,  garnet,  and  tin-  It  is  found  in  gneiss  in  Glen  Strath  Farrar 
stone,  are  frequently  present  in  granite.  Tin  in  Invemess-sbire  ;  in  the  coal  formation 
and  iron  are  the  only  metals  abundantly  near  Cumnock  in  Ayrshire,  where  it  is  im- 
found  in  this  rock.  It  contains  molybdena,  bedded  in  greenstone,  and  in  columnar 
silver,  copper,  lead,  bismuth,  arsenic,  tita-  glance-coal.  At  Borrodale  in  Cumberland, 
-nium,  tungsten,  and  cobalt  It  is,  however,  it  occurs  in  beds  of  very  varying  thickness, 
poorer  in  ores  than  many  other  rock  forma-  included  in  a  bed  of  trap,  idiicb  is  subordi- 
-tions.  nate  to  clay-slate ;  and  in  many  places  on  the 

GRANULATION.     The  method  of  di-  Continent,  and  elsewhere.     The  finer  kinds 
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are  fint  boiled  in  oil,  and  then  cut  into 
tables  for  pencils.  Grates  are  blackened 
with  it,  and  crucibles  formed  of  a  mixture 
of  it  and  clay.— Jam^fon. 

The  researches  of  Karsten  have  proved 
beyond  doubt,  that  graphite  is  merely  a  pe- 
culiar form  of  carbon,  and  that  the  foreign 
substances  with  which  it  is  accompanied  are 
only  accidental.  Natural  Graphite  is  met 
with,  which  leaves  hardly  any  traces  of  ashes 
when  it  is  burned.  Such,  for  example,  u 
that  of  Barreros  in  Brasil. 

GRAVEL.     See  Calculus  (Urinary). 

GRAVITY.  A  term  used  by  physical 
writers  to  denote  the  cause  by  which  all 
bodies  move  toward  each  other,  unless  pre- 
vented by  some  Other  force  or  obstacle.    See 

GRAVITY  (SPECIFIC).     See  SPEcr- 

FEC  GrAYITY. 

For  the  specific  gravities  of  different  kinds 
of  elastic  fluids,  see  the  table  at  the  article 
Gas. 

GREEK  FIRE.  Asphaltum  is  sup- 
posed  to  have  been  its  constituent,  along 
with  nitre  and  sulphur. 

GREEN-EARTH.  Colour  celandine- 
green,  and  green  of  darker  shades.  Massiv^ 
and  in  globular  and  amygdaloidal  shaped 
pieces,  sometimes  hollow,  or  as  incrusting 
agate  balls.  Dull.  Fra«ure  earthy.  Opa- 
que. Fe^Iy  glistening  in  the  streak.  Soft 
and  sectile.  Rather  greasy.  Adheres  slightly 
to  the  tongue.  Sp.  gr.  2.6.  Before  the 
blowpipe  it  is  converted  into  a  black  vesicu- 
lar slag.  Its  constituents  are,  silica  53, 
oxide  of  iron  2S,  magnesia  2,  potash  10, 
water  6.  It  is  a  frequent  mineral  in  the 
amygdaloid  of  Scotland,  England,  Ireland, 
Iceland,  and  the  Faroe  Islands.  It  occurs  in 
Saxony,  near  Verona,  the  Tyrol,  and  Hun- 
gary. It  is  the  mimntain-green  of  artists 
in  water  colours.  Its  colour  is  durable, 
but  not  so  bright  as  that  from  copper. 
The  green-earth  of  Verona,  of  which  the 
analysis  is  given  above,  is  most  esteemed.— 
Jamesotu 

GREENSTONE.  A  rock  of  the  trap 
formation,  consisting  of  hornblende  and  fel- 
spar, both  in  the  state  of  grains  or  small 
crystals.  Tlie  hornblende  is  commonly  most 
abundant,  and  communicates  a  green  tinge 
to  the  felspar.  This  rock  is  called  Diabase 
by  the  French  geologists,  who  name  the 
compact  greenstone  Aphanilx* 

GREEN  VITRIOL.    Sulphate  of  iron. 

GRENATITE.  Prismatoidal  garnet; 
the  staurotide  of  Haiiy. 

GRENATITE,  or  prismatic  garnet.  See 
Staurotide. 

GREYWACKE.  A  mountain  form*, 
tjon,  consisting  of  two  similar  rocks,  which 
alternate  with,  and  pass  into  each  other, 
called  greywacke,  and  grey wacke-slale.  The 
first  possesses  the  characters  of  the  formation. 


It  is  a  rock  composed  of  pieces  of  quartz, 
flinty  slate,  felspar,  and  clay-slate,  cemented 
by  a  day-slate  basis.  These  pieces  vary 
in  size  from  a  hen*s  egg  to  little  grains. 
When  the  texture  becomes  exceedingly  fine 
grained,  the  rock  constitutes  greywacke^late. 
Its  colour  is  usually  ash  or  smoke^grey^ 
without  the'  yellowish-grey  or  greenish  tinge 
frequent  in  primitive  slate.  It  has  not  the 
continuous  lustre  of  primitive  slate,  but 
glimmers  from  interspersed  scales  of  mica. 
It  contains  quartz  veins,  but  no  beds  of 
quartz.  Petrifactions  are  found  in  it  These 
rocks  are  stratified,  forming,  when  alonc^ 
round-backed  hills,  with  deep-valleys  between 
them.  Immense  beds  of  trap,  flinty  slate, 
and  transition  limestone,  are  contained  in 
this  formation  ;  as  well  as  numerous  metallic 
ores  in  beds  and  large  veins. 

GROSSULARE.  Colour  asparagus- 
green.  Crystallizes  in  acute  double  dght- 
sided  pyramids,  flatly  acuminated  on  both 
extremities  by  four  planes ;  the  acuminating 
planes  set  on  the  alternate  edges  of  the 
double  eight-sided  pyramid.  Planes  of  th« 
crystals  smooth,  shining.  Fracture  between 
conchoidal  and  uneven.  Translucent.  Brittle. 
Occurs  imbedded  in  small  crystals  along 
with  vesuvian,  in  a  pale  greenish-grey  day- 
stone  near  the  river  Wilui  in  Siberia— also 
at  the  Bannat  of  Jemesww,— Jameson, 

G  U  A I A  C  UM.  A  resinous  looking  sub« 
stance,  extracted  from  the  very  dense  wood 
of  a  tree  growing  in  the  W^est  Indies,  called 
guaiacum  officinale. 

It  differs,  however,  from  resins  in  its  ha- 
bitudes with  nitric  add,  as  Mr  Hatchett  first 
showed.  Its  sp.  gr.  is  1.229.  Its  colour  is 
ydlowish-brown,  but  it  becomes  green  on 
exposure  to  light.  It  is  transparent,  and 
breaks  with  a  resinous  fracture.  Its  odour 
is  not  disagreeable,  but  when  a  very  little  of 
its  powder,  mixed  with  water,  is  swallowed, 
it  exdtes  a  very  unpleasant  burning  sensa- 
tion in  the  fauces  and  stomach.  Heat  fuses 
it,  with  the  exhalation  of  a  somewhat  frag- 
rant smell. 

Water  dissolves  a  certain  portion  of  it,  ac- 
quiring a  brownish  tinge,  and  sweetish  taste. 
The  soluble  matter  is  left  when  the  water  is 
evaporated.  It  constitutes  9  per  cent  of  the 
whole,  and  resembles  what  some  chemists 
call  extractive. 

Guaiacum  is  very  soluble  in  alcohol.  This 
solution,  which  is  brown-coloured,  is  decom- 
posed by  water.  Aqueous  chlorine  throws 
down  a  pale  blue  precipitate  from  it. 

Guaiacum  dissolves  readily  in  alkaline 
leys,  and  in  sulphuric  acid ;  and  in  the  nitric 
with  efifervescence.  From .  the  solution  in 
the  last  liquid,  oxalic  acid  may  be  procured 
by  evaporation,  but  no  artifidal  tannin  can 
be  obtained,  as  from  the  action  of  nitric  acid 
on  the  other  resins. 

Guaiacum,  distilled  in  close  vessels,  leaves 
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3QL5pcrenit< 

die  <|ittnilitj  from  aa  c^Hi  ■ugN'  ^ 

~        Dr  Wglltnn's  at-  ^ooilly  mU  by 

Ty  tfaii  bmli  air  md  by 

IMitsvnvaHrf  toprodooe  tbecbu^iB  or  TngMiBili.     U  k  dbtnoed  from  a 

^Dttacom  from  ydloir  to  gncn.     And  Mr  plant  of  the  aama  aane  gvoiriBg  in 

Bnyide  Ibond,  that  tfab  green  eoloar  «aa  and  odicr  cartern  partk      It  oooms 

BMMV  npidly  broogbt  on  in  oxygen  dian  in  onail  wbile  eonloited  piaeea  rem 

Sn  common  air.     Widi  nitric  add,  or  ddo-  worms,      ft  b  oanaDy  dcavcr  than 

fine,  it  becomes  green,  next  bine,  and  iartly  gums,  and  forms  a  tMcka- jelly  widi 


Mr  Willis  bas  foond,  tliat  the  root  of  llw 

By  my  analyds,  Gdaiacnm  is  composed,     common  bloe^KU,  AyocMlAas  sims  jcr^ptaj^ 

in  100  parts,  of  carbon  67.88»  bydn^gen     dried  and  powdered,  affords  a  mudlage  poa- 

7.05^  oxygen  25i.07 ;  or,  approximately,  scaong  all  the  qoalitics  of  that  from  gma- 


Onbon,        7  atoms  bJtIb        67.7  arsfaic      L4iid  Onndonald  has  extracted 

Hydrogen,    4           0.50          0.5  mucilage  also  from  lichens. 

Oxygen,        2           2.00        25u8  Gums  treated  with  nitric  acid  afibnl  the 

—       —  add  of  sugar. 

7.75       100.0  I  found  gum-arabic  to  coasaat  of  ear- 
Formerly  guaiacnm  was  much  commended  bon  35.13;  hydrogen  0.08^  oxygen  55i7^ 
in  syphilis  awi  other  complaints ;  at  present  aiole  3? 

it  is  used  cfaiedy  in  ibeumatism,  diamlTed  in  GUM  (BRITISH).    See  Bum  GiTM. 

liqoid  ammonia.  GUM  (ELASTIC).     See  Caoctcuooc 

GUANO.     A  substance  found  on  many  GUM-RESIN.       When    indflons    are 

of  the  small  islands  in  the  South  Sea,  which  made  in  the  stems,  brsncbes,  or  roots  of 

are  the  resort  of  numerous  Bocks  of  birds,  some  vegetables,  thve  exudes  a  milky  jniee^ 

particularly  of  the  ardca  and  phsmicopteros  which  gradually  hardens  in  the  air,   and 

genus.     It  is  dug  ftom  beds  iO  or  00  feet  seems  to  be  formed  of  rean  and  iiiMntial 

thick,  and  used  as  a  valuable  manure  in  Peru,  oil,  kept  in  suspension  by  water  often  loaded 

chiefty  for  Indian  corn.     It  is  of  a  dirty  with  gum  and  several  odier  vegetable 

yellow  colour,   nearly  insipid  to  the  taste^  ten.     To  this  solidi6ed  jvice  the  name  j 

but  has  a  powerful  smell  pmtaking  of  castor  resin  is  given ;  an  improper  one,  since  it  gii 

and  valerian.     According  to  the  analysis  of  a  false  notion  of  the  body  it  repress nti.    All 

Foorcroy  and  Vauquelin,  about  one-fourth  the  gum-resins  are  solid,  denser  than  water; 

of  it  is  uric  add,  partly  saturated  with  am-  and  almost  all  are  opaque  and  biilllo    IIm 

roonia  and  lime.    It  contains  likewise  oxalic  greater  part  having  an  aaid  tasteandaatrm^ 

add,  partly  saturated  with  ammonia  and  pot-  smeU.    Tlieir  colour  is  very  variable.    Water 

ash ;  phosphoric  add,  combined  with  tlie  same  dissolves  them  in  part,  and  so  does  alcohoL 

bases  and  with  lime ;  small  quantities  of  snl-  The  water  solution  becomes  tmnsparent  widi 

phate  and  muriate  of  potash,  and  ammonia;  difficulty.     When  water  is  poured  into  the 

a  small  portion  kiX  fan  matter;   and  sand,  alcoholic  solution,  it  becomes  immedialely 

partly  quartzoie,  pardy  ferruginous.  tuibid  ;  the  resinous  matter  separates  In  • 

GUARANIA.      A  supposed  vegeto-aU  state  of  extreme  division,  and  gives  to  the 

kali  extracted  by  M.  Martius  from  the  fruit  liquor  a  milky  aspect.     It  appears  from  Mr 

of  the  patUlinia  $orbi&s.      The  fruit  is  di-  Hatchett,  that  they  are  soluble  in  hot  potash 

gested  in  hot  alcohol ;  as  the  solution  cools,  it  md  soda  ley ;  and  that  sulphuric  add,  afler 

deposits  a  fat  oil,  which  must  be  separated,  effecting  their  solution,  converts  them  by  d^ 

When  again  heated,  the  gunmnia  sublimes,  grees  into  carbon  and  artificial  tannin.    The 

Hm  substance  is  white,  crystalline,  has  a  prindpal  gum-resins  are  frankincense^ 


bitter  taste,  and  acts  like  alkali  on  tincture  mony,  asafoetida,  aloes,  euphorbium,  gal- 

of  roses  and  litmus  paper.     Its  aqueous  so-  banum»  myrrh,  olibanum,  opoponax,  gum- 

lution  predpitetes  solutions  of  nitrate  of  sil-  ammoniac,  and  gamboge, 
ver,  protonitrate  of  mercury,  and  the  acetate         GUNPOWDER.     This  explosive  sub- 

and  subacetate  of  lead.  stance  consists  of  an  intimate  mixture,  in  da- 

GUM.    The  mudlage  of  vegetables.  Hie  terminate  proportions,  of  saltpetre^  chareonl, 

prindpal  gums  are,  1.  The  common  gums,  and  sulphur ;  and  is  better  in  proportion, 

obtained  from  the  plum,  the  peach,  the  dieny  every  thing  dse  bdng  equal,  to  the  quality 

tree,  Ate— 2.  Gum  Arabic,  which  flows  na-  of  these  ingredients.     The  nitre,  in  partien- 

tunUly  from  the  acada  in  Egypt,  Arabia,  lar,  ought  to  be  perfecdy  refined  by  sucoes- 

•nd  elsewhere.     TUs  forms  a  clear  trans-  sive  crystallisations,  and  finally  freed  ftom 

parent  mudlage  with  water.— 3.  Gum  Se-  adhering  water  by  proper  drying,  or  by  fu- 

kieca,  or  Sene^.     It  does  not  greatly  differ  sion  in  iron  pots  at  a  regulated  heat.    •  No- 

from  gum-arabic ;  the  pieces  are  larger  and  thing  can  surpass  in  these  respects  the  nitre 

clearer;   and  it  seems  to  communicate  a  prepared  in  the  Government  Powder-works 

higher  degree  of  the  adhesive  quality  to  at  Waldiam  Abbey.     It  is  tested  by  nddhig 
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to  ite  tohitioii  io  disdHed  water,  nitrate  of 
sQTCTy  with  which  it  occasions  no  percepttble 
<^aMeiice.  The  sulphur  ought  also  to  be 
flf  the  £neat  quality,  and  purified  by  skim- 
flUDg  OK  even  sublimation,  if  at  all  neces- 
sary. The  charcoal  should  be  newly  made ; 
it  should  bum  without  having  any  sensible 
leoduum,  be  dry,  sonorous,  ligh^  and  ea«ly 
puheriaed.  The  charcoal  for  gunpowder  is 
made  either  of  alder,  willow,  or  dogwood, 
the  latter  being  preferred,  which  are  cut  into 
lengths,  and  ignited  in  iron  cylinders,  as  we 
have  described  under  Acid  (Acetic).  It 
deserves  notice,  that  the  proportion  of  pow- 
der used  for  the  several  pieces  of  ordnance 
by  the  navy,  &c.   has  been  reduced  one- 


Royal  mills  at  Waltham  Abbey^ 
French,  for  war, 

Kltre. 
75 
75 

CharcoaL 
15 
12.5 

for  sportsmen, 
for  mining, 
Chaptal*8  proportions, 
Chinese           do. 

78 
65 
77 
75.7 

12 
15 
14 
14.4 

Mr  Napier's     da             -             - 

80 

15 

dd,  Hie  composition  is  then  sent  to  the  gun- 
powder mi]],  which  consists  of  two  edge- 
stones  of  a  calcareous  nature,  turning  by 
means  of  a  shaft  on  a  bedstone  of  the  same 
nature,  whidi  gives  no  sparks  as  sandstones 
would  be  apt  to  do.  On  this  bedstone  the 
compoaition  is  spread,  and  moistened  with  as 
small  a  quantity  of  water  as  will,  in  conjunc- 
tioii  with  the  weight  of  the  revolving  stones, 
bring  it  into  a  proper  body  of  cake,  but  not 
of  paste.  The  line  of  contact  of  the  edge- 
stone  is  constantly  preceded  by  a  scraper, 
which  goes  round  with  the  wheel,  con- 
stantly scraping  up  the  cake,  and  turning  it 
into  the  track  of  the  stone.  From  50  to  60 
pounds  are  usually  worked  at  once  in  each 
mill-wheel.  When  the  cake  has  been  tho- 
roughly ineorporated,  it  is  sent  to  the  corxv* 
itig^houae,  where  a  separate  mill  is  em- 
ployed to  form  the  cake  into  grains  or 
corns.  4.  Here  it  is  first  pressed  into  a  hard 
linn  mass,  then  broken  into  small  lumps; 
after  which  the  graining  is  executed,  by 
placing  these  lumps  in  sieves,  on  each  of 
which  is  laid  a  disc  of  lignum  viUe.  The 
sieves  are  made  of  parchment  skins,  peribrated 
with  a  multitude  of  round  holes.  Several 
such  sieves  are  fixed  in  a  frame,  which  by 
proper  machinery  has  such  a  motion  given  to 
It  as  to  make  tlie  lignum  viUe  runner  in  each 
sieve  move  round  with  considerable  velodty, 
so  as  to  break  the  lumps  of  the  cake,  and 
force  the  substmoe  through  the  sieves,  form- 
ing grains  of  several  axes.  These  granular 
particles  are  afterwards  separated  from  the 
finer  dust  by  proper  sieves  and  reels.  5.  Hie 
corned  powder  is  next  hardened,  and  the 
rougher  edge»  taken  off,  by  being  revolved  in 
a  dose  reel  or  cask  turning  rapidly  on  its 
axis.     Tin's  vessel  somewhat  reaciosblcs  a  bar- 


third  in  consequence  of  the  increased  strength 
of  the  composition  into  which  this  cylinder 
charcoal  enters,  compared  with  that  made 
formerly  from  charcoal  made  in  pits.  The 
wood,  before  charring,  is  carefully  stripped 
of  its  bark. 

The  three  ingredients  being  thus  prepared, 
are  ready  for  manufacturing  into  gunpowder. 
Ihey  are,  1st,  Separately  ground  to  a  fine 
powder,  which  is  passed  through  proper 
sieves  or  bolting  machines.  2dlj,  They  are 
mixed  together  in  the  proper  proportions. 
These  do  not  seem  to  be  definitdy  determined, 
for  they  differ  in  different  establishments  of 
great  respectability,  as  is  shewn  in  the  foU 
lowing  table  :— 


Sulphur. 
10 

12.5 

10 

20 

9 

9.9 

5 


rel  chum ;  it  should  be  only  half  full  at  each 
operation;  and  has  frequently  square  bars 
inside  parallel  to  its  axis,  to  aid  the  polish  by 
attrition.  6.  The  gunpowder  is  now  dried, 
which  is  done  generally  by  a  steam  heat ;  or 
by  transmitting  a  body  of  air,  slightly  heated 
in  another  chamber,  over  canvass  shelves, 
covered  with  the  damp  gunpowder. 

Mr  Coleman  considers,  that  the  strength 
of  gunpowder  depends  very  materially  on 
the  purity  of  the  carbon  employed. 

After  describing  briefly  the  composition 
and  preparation  of  gunpowder,  we  must  in- 
quii;^  into  the  products  of  its  detonation  of 
instantaneous  combustimi.  Of  these  products 
some  are  gaseous,  and  others  solid.  The 
first  class  consist  of  much  carbonic  acid,  of  a 
large  quantity  of  nitrogen,  a  little  oxide  of 
carbon,  steam  of  water,  with  carburetted  and 
sulphuretted  hydrogen.  Tlie  second  class  of 
products  are^  sulphate  of  potash,  sulphuret 
of  potassium,  and  some  traces  of  carbon.  If 
the  powder,  instead  of  burning  instanta- 
neously, goes  off  slowly  like  a  fusee,  there 
would  result  besides,  deutoxide  of  nitrogen, 
and  even,  according  to  Proust,  nitrous  acid, 
some  byponitrite  of  potash,  and  cyanide  of 
potassium.  It  is  easy,  at  any  rate,  to  con- 
ceive the  origin  of  all  these  products,  by 
reflecting  that  common  charcoal  is  always 
hydrogenated,  and  that  cyanogen  is  a  true 
carburetted  nitrogen. 

It  is  easy  also  to  collect  all  the  gases,  so  as 
to  be  able  to  examine  them.  To  procure 
those  springing  from  the  slow  combustion,  it 
is  merely  necessary  to  fill  with  pulverized 
and  hard  pressed  gunpowder,  a  small,  narrow, 
and  pretty  long  copper  tube,  shut  at  one  end ; 
to  kindle  the  powder  at  the  other  end,  plung- 
ing the  tube  under  a  bell  glass  filled  with 
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Dcrcorj.  The  apparatus  of  JtfM.  Tbenard 
and  Gay  Lumae  for  analysing  organic  pnv> 
dttcta  by  chloride  of  potash*  (see  Analysis), 
answers  perfectly  for  the  rapid  combustion 
of  the  gunpowder.  The  solid  products  are 
easily  collected. 

Since,  during  the  explosion  of  gunpowder, 
bodies  are  formed  which  pass  from  the  solid 
to  the  gaseous  state,  that  u  to  say,  whose 
Tolume  is  suddenly  enkrged  several  hundred 
times,  there  must  result  a  force  of  considerable 
amount.  This  force,  exerted  in  fire-arms, 
carries  the  ball  to  a  greater  or  less  distance ; 
but  it  is  eridently  only  the  gases  devdoped, 
as  it  were  instantaneously,  which  contributes 
the  projectile  effect;  for  the  operation  of 
those  disengaged  afVer  the  bullet  is  dischaiged, 
is  null.  We  may  thus  readfly  imagine  why 
certain  proportions  of  nitre^  sulphur,  and 
charcoal,  are  preferable  to  others ;  why  the 
mixture  of  those  three  bodies  ought  to  be  in- 
timate ;  why  the  nitre  ought  to  be  pure,  and 
particuUurly  free  from  deliquescent  salts ;  why 
the  charcoal  ought  to  be  hydrogenated  and 
▼ery  light;  why  the  gunpowder  ought  to  be 
dried  with  so  much  care ;  and  why  it  geta 
damaged  by  exposure  to  air? 

If  we  investigate  how  the  maximum  ga- 
seous volume  is  to  be  produced  from  the  re- 
action of  the  dements  of  nitre,  or  charcoal 
and  sulphur,  we  shall  find  it  is  by  the  ge- 
neration of  carbonic  oxide  and  sulphurous 
add,  and  the  disengagement  of  nitrogen. 
Hien  one  prime  of  nitre  will  f  umiUi,  out  of 
its  5  primes  of  oxygen,  3  primes  for  3  of 
charcoal,  to  produce  3  of  carbonic  oxide; 
and  2  primes  of  oxygen  to  1  of  sulphur,  to 
produce  1  of  sulphurous  acid.  Hence  the 
proportions  would  be, 
1  prime  of  nitre,  ss  12.7.5  75.00 
1  sulphur    =    2.00       11.77 

3  charcoal    s    2.25       ia23 


riaciC.— Werner.     Of  tins  there  are  5  tab* 


1.  Sparry  anhydrite.     See  Cicfo-aPAB. 

2.  Scafy  anhydrite.  Cdour,  while  of  ▼»• 
lious  shades  passing  into  smalt-blue^  Mai 
sive,  and  in  granular  ooncretioos.  Lostm 
splendent,  pearly.  Cleavage  imperfect  and 
curved.  'Kanslncent  on  the  edges.  Easily 
broken.  Sp.  gr.  2.9&  Its  constituents  an^ 
lime  41.75,  sulphuric  add  55^  muriate  of 
soda  I.O.  It  is  found  in  the  salt  minca  of 
the  Tyrol,  5068  feet  above  the  levd  of  the 


17.00  100.00 
This  arrangement  has  been  suggested  to  me 
by  Major  Moody,  R.  £.  superintendent  of 
the  Waltham  Abbey  gunpowder  establish- 
ment ;  who  moreover  informs  me,  that  it  is 
not  far  from  the  proportions  now  used  in 
France,  the  United  States,  HolUnd,  and 
Phissia.  It  is  further  probable,  that  the 
small  quantity  of  sulphur  used  by  us,  ( 10  per 
cent),  and  the  comparatively  large  propor- 
tion of  charcoal,  ( 15  per  cent),  is  the  reason 
why  our  cannon  powder  is  not  so  durabte  as 
it  ought  to  be,  or  does  not  keep  so  wdL 

GURHOFFITE.  Compact  Dolomite* 
which  occurs  in  veins  in  serpentine  rocks, 
between  Gurhoff*  and  Aggsbach  in  Lower 
Austria. 

GYPSUM.  This  genus  contains  2  spedes, 
by  Professor  Jameson ;  the  prismatic,  and  the 
axifrangible. 

L'^Pritmatic  gypsum  or  anhydrite.    Mu^ 


3.  Fibrous  anhydrite.  Colours,  red,  bhnb 
and  grey.  Massive,  and  in  coane  fibrous 
concretions.  Lustre  glimmering  and  pcarly« 
Translucent  on  the  edges.  Mather  casilj 
frangible.  Sp.  grav.  3.  It  is  found  in  tba 
salt  mines  on  the  Continent  The  blue  ia 
sometimes  cut  into  ornaments. 

4.  Convoluted  anhydrite.  Colour,  dark 
milk-white.  Massive,  and  in  distinct  ooi^ 
cretiona.  Lustre  glimmering  and  pearly. 
Finscture  fine  splintery.  TVa^ucent  on  the 
edges.  Sp.  gr.  2.85.  Its  constituents  are^ 
42  lime,  56.5  sulphuric  add,  0.25  mitrialft 
of  soda.  It  occurs  in  the  salt  mines  of  Bocb- 
nia,  and  at  Widiczka  in  Poland.  Ithasbeen 
called  pierre  de  tr^)es,  from  its  convoluted 
concretions. 

5.  Compact  anhydrite.  Colour  grey,  some* 
times  with  spotted  delineations.  Massiye,  and 
in  distinct  granular  concretions.  Feebly  glim* 
mering.  Fracture  small  splintery.  IVaii». 
lucent.  Hardness  and  constituents  as  in  the 
preceding     Sp.  gr.  2.95. 

ll.^-.4xifrangible  gypsum. 

This  spedes  contains,  according  to  IVo- 
fessor  Jameson,  6  sub-spedes ;  sparry  gyp. 
sum,  foliated,  compact,  fibrous,  scaly  foUated* 
and  earthy  gypsum. 

1.  Sparry  gypsum  or  selenite.  Colours^ 
grey,  white,  and  yellow,  with  occasional  iri- 
descence. Massive,  disseminated,  and  crys- 
tallized. Its  primitive  form  is  an  oblique 
four-sided  prism,  with  angles  of  1 13^  8^  and 
66^  52^.  Tlie  following  are  some  of  the  se- 
condary forms.  1.  Six-sided  prism,  gene- 
rally brcMui,  and  oblique  angular,  and  four 
smaller  lateral  planes.  2.  I^ns.  3.  Twin 
crystalSf  formed  dther  by  two  lenses,  or  by 
two  six-sided  prisms,  pushed  into  each  other 
in  the  direction  of  thdr  breadth.  4.  Qjoad- 
ruple  crystal,  from  two  twin  crystals  pushed 
into  each  other  in  the  direction  of  their 
length.  Lustre  splendent,  pearly.  Cleav- 
age threefold.  Fragmenu  rhomboidaL  Se- 
mitransparent,  and  transpazenti  Rdncta 
double.  Yields  to  the  naU.  Scratches  talc^ 
but  not  calcareous  spar.  Sectile.  Easily 
frangible.  In  thin  pieces  flexible,  but  in- 
elastic. Sp.  gr.  2.3.  It  exfoliates  and 
melts  into  a  white  enamel,  which  fidla  into  a 
white  powder.  Its  constituents  ar^  33.9 
lime,  43.9  sulphuric  add,  21  water,  and  2.1 


HAIR. 
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hatchetine: 


'loss.— 'JSucAo/s.  It  occurs  princiV>lly  in  the 
floetz  gypsum  formatioD  in  thin  layers ;  less 
'frequently  in  rock-salt;  frequently  in  the 
London  blue  clay.  Crystals  are  daily  form- 
ing in  gypsum  hills,  and  in  old  mines.  It 
is  found  in  blue  clay,  at  Shotover-hill,  near 
1  Oxford  ;  Newhaven,  Sussex ;  around  Paris, 
and  all  over  the  Continent  It  was  used  in 
-ancient  times  for  window  glass.  Hence  it 
•was  called  glacies  maris,  and  lapis  speculaiis. 

2,  Foliated  granular  gypsum.      Colours, 
white,  grey,  and  red ;  sometimes  in  spotted  or 
atriped  delineations.    Massire,  and  in  distinct 
•concretions,  or  crystallized  in  small  conical 
lenses.     Lustre  glistening,  pearly.     Cleav- 
age as  selentte.     Translucent.     Very  soft, 
aectile,  and  easily  frangible.     Sp.  gr.  2.3. 
Its  constituents  are,  32  lime,  30  sulphuric 
acid,  and  38  water,  according  to  Kirwan. 
It  occurs  in  beds  in  primitive  rocks,   as 
gneiss,   and  mica-slate;  in  transition  cUy- 
-filate;  but  most  abundantly  in  beds  in  the 
•fodca  of  the  floetz  class.     It  is  there  asso- 
•dated  with  selenite,  compact  gypsum,  Bbrous 
-gypsum,  rock-salt,  stinkstone,  and  limestone. 
-It  is  found  in  Cheshire  and  Derbyshire,  at 
Liineburg,  and  other  places  on  the  Continent 
The  foliated  and  compact  gypsums,  when 
pure  and  capable  of  receiving  a  good  polish, 
are  termed  alabaster  by  artists,  who  fashion 
them  into  statues  and  vases.     The  coarser 
kinds  are  used  in  small  quantities  in  agricul- 
ture, and  are  converted  by  calcination  into 
•atucco. 

3.  Compact  gypsum.  Colours,  white  of 
Tarious  shades,  grey,  blue,  red,  and  yellow 
Massive.      Dull.     Fracture  fine  splintery. 


Translucent  on  the  edges.  Soft,  sectile,  and 
easily  frangible.  Sp.  gr.  2.2.  Its  constitu-* 
ents  are,  34  lime,  46  sulphuric  acid,  18  wa- 
ter.—G^Aord.  It  occurs  in  beds,  along 
with  granular  gypsum,  &c.  It  is  found  in 
the  Campsie>bill8 ;  in  Derbyshire  ;  at  Ferry- 
bridge, Yorkshire,  and  in  various  places  on  the 
Continent. 

4^  Fibrous  gypsum.  Colours  white,  grey, 
and  red.  Massive  and  dentiform,  and  in 
fibrous  distinct  concretions.  Lustre  glisten- 
ing and  pearly.  Translucent  Soft,  sectile, 
and  easily  frangible.  Its  constituents  are,  33 
h'me,  44.13  sulphuric  acid,  21  water.  It 
occurs  along  with  the  other  sub-species,  in 
red  sandstone  near  Mofibt;  in  the  Forth 
river  near  Belfiist;  in  Cumberland,  York- 
shire,  Cheshire,  &c.  When  cut  en  cabachen, 
and  polished,  it  reflects  a  light  not  unlike 
that  of  the  cat's  eye,  and  is  sometimes  sold  as 
that  stone. 

5.  Scaly  foUated  gyj)sum.  Colour  white. 
Massive,  disseminated,  and  in  dbtinct  concre- 
tions. Lustre  glistening  and  pearly.  Frac- 
ture small  scaly  foliated.  Opaque,  or  trans- 
lucent, on  tlie  edges.  Soft,  passing  into  fri- 
able. Sectile  and  easily  frangible.  It  occurs 
along  with  selenite,  at  Montmartre,  near  Pa- 
ris, in  the  third  floetz  formation  of  Werner. 

6.  EarUty  gypsum.  Colour  yellowish- 
white.  Composed  of  fine  scaly  or  dusty  par- 
ticles. Feebly  glimmering.  Feels  meagre 
or  rather  fine..  Soils  slightly.  Light  It  is 
found  immediately  under  the  soil,  in  beds 
several  feet  thick,  resting  on  gypsum,  in 
Saxony,  Switzerland,  and  Norway.— ^ame- 
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•    H-«:MATITES.     An  ore  of  iron. 

H  AIDINGERITE.  An  ore  of  antimo- 
ny, consisting  of  sulphuret  of  antimony  71.3, 
protosulpburet  of  iron  25.5,  and  sulphuret  of 
zinc  0.5,  in  97.5;  or  it  is  a  compound  of  2 
atoms  sulphuret  of  antimony  15,  and  1  atom 
protosulphuret  of  iron  5.5. 

HAIR.  From  nu  merous  experiments  M. 
Vauquelin  infers,  that  black  hair  is  formed  of 
nine  different  substances  ;  namely, 

1.  An  animal  matter,  which  constitutes  the 
greater  part  2.  A  white  concrete  oil  in  small 
quantity.  3.  Another  oil  of  a  greyish-green 
colour,  more  abundant  than  the  former.  4. 
Iron,  the  state  of  which  in  the  hair  is  uncer- 
tain. 5.  A  few  particles  of  oxide  of  manga- 
nese. 6.  Phosphate  of  lime.  7.  Carbonate 
of  lime,  in  very  small  quantity.  8.  Silex,  in 
a  conspicuous  quantity.  9.  LasUy,  a  con- 
siderable quantity  of  sulphur. 

The  same  experiments  show,  that  red  hair 
differs  from  black  only  in  containing  a  red 
oil  instead  of  a  blackish-green  oil ;  and  that 
white  hair  differs  from  both  tliese  only  in  the 


oil  being  nearly  colourless,  and  in  containing 
phosphate  of  magnesia,  which  is  not  found  in 
them. 

H  ALOGENE.  A  term  employed  by  M. 
Berzelius,  to  denote  bodies  which  form  salts 
with  metals;  it  comprehends  chlorine,  bro« 
mine,  iodine,  fluorine,  and  cyanogen. 

HALOIDS.  Tlie  salts  produced  by  the 
above  combinations. 

H  A  RM  OTOME.     Cross-stone. 

HARTSHORN  (SPIRIT  OF).  See 
Ammonia. 

H  ATCHETINE.  A  variety  of  bitumi- 
nous matter  found  in  the  iron-stone  Merthyr 
Tydfil,  in  South  Wales.  Colour  yellowish- 
w^hite.  Texture  flaky  or  sub-granular;  in 
the  former  the  lustre  is  glistening,  in  the  lat- 
ter dull.  Hardness  of  soft  tallow.  Inelas- 
tic, and  inodorous.  Melts  at  MQP.  It  is 
very  light  Soluble  in  ether.  Hatchetine  is 
found  filling  small  contemporaneous  veins, 
lined  with  calcareous  spar  and  small  rock  crys- 
tals, in  the  iron-stone. — Mr  J.  J.  Conybeare% 
in  Annals  of  Phil.  N.  S.  i.  136. 


HEAVY  SPAR.  518  HEAVY  SPAR. 

H AUSSMANNITE.     Pjnmidal  man.  ttUiaitiom  we  ainU  docribe  ^ttt/retk  Undgm 

ganoeore.     Itconatts, by  Dr  Turner's aii»>  lameUar  heavy  spar. 

lyaisy  of  red  oxide  of  maoganeae  98.098,  ozj-  Its  colours  are,  white^  grey,  blue^  S>vea» 
gen  0.215^  water  0.435,  baryta  0. 1 1 1,  nUca  yellow,  red,  and  brown.  MassiTe,  in  distinct 
0.387,  in  100.  concretions,  and  crysiallixed.  The  primitiTe 
HAUYNE.  CokNnr  blue  of  Tarious shades,  fonn  is  an  oUiqne  four-sided  prism  of  101^ 
It  occurs  imbedded  in  grains,  and  rarely  crys-  53^.  The  following  are  the  secondary  fonna: 
tallized ;  in  acute  oblique  double  four-sided  the  rectangular  four-sided  table;  the  oblique 
pyramids,  variously  truncated.  Externally  it  four-sided  tables  perfect  or  variously  trunca- 
is  generally  smooth,  and  edges  rounded,  ted  or  bevelled ;  the  longish  six-sided  tables 
Lustre  splendent  to  glistening,  and  vitreous,  perfect  or  bevelled ;  the  eight-sided  table,  per- 
Cleavage  quintuple ;  fracture  imperfect  con-  feet  or  bevelled.  Lustre  splendent,  between 
dMu'dal ;  transparent  and  translucent ;  hard-  resinous  and  peariy ;  cleavage  parallel  with 
cr  than  apatite,  but  softer  than  felspar ;  brit-  the  planes  of  the  primitive  prism ;  firagmenta 
tie ;  easily  frangible.  Sp.  gr.  2.7.  It  melts  rfaomboidal  and  tabular ;  tninsluGent  or  trans- 
widi difficulty beforethe blowpipe, intoa white  parent,  and  refracts  double;  scratches  cal- 
nearly  opaque  vesicular  bead.  With  borax  careous  spar,  but  is  scratched  by  fluor-«par; 
it  mdts  into  a  transparent  wine-yellow  glass,  brittle;  sp.  gr.  4.1  to  4b6.  It  decrepitates 
With  acids  it  forms  a  transparent  jelly,  briskly  befbre  the  blowpipe*  and  then  mdts 
Its  constituents  are,  silica  30,  alumina  15,  into  a  white  enamel.  It  phosphoresces  on 
lime  13.5,  sulphuric  acid  12,  potash  1 1,  iron  glowing  coals  with  a  yellow  light  It  ia  sol- 
1,  loss  17.5.— FoicTtte/in.  But  by  Gmelin,  phate  of  baryta,  vrith  0.85  sulphate  of  stron* 
we  have  silica  35.48,  alumina  18.87,  lime  tia,  and  0.80  oxide  of  iron.  It  is  found  aL> 
11.79,  sulphuric  add  12.6,  potash  15.45,  most  always  in  veins,  which  occur  in  granite^ 
iron  1.16^  loss  3.45.  It  occurs  imbedded  gneias,  mica-slate,  and  other  rocks.  The  flesh- 
in  the  basalt  rock  of  Albano  and  FresoatL  red  variety  is  often  accompanied  with  valua- 
Fkofessor  Jameson  thinks  it  nearly  allied  to  ble  ores.  In  Great  Britain,  it  oociuv  in 
asure-stone.  Teins  of  different  primitive  and  transition 

HAYTORITE.    A  variety  of  rhomboidal  rocks,  and  in  secondary  limestone,  &c  in  the 

quarts,  containing  0.5  per  cent  of  oxide  of  lead  mines  of  Cumberland,  Durham,  and 

iron.  Westmoreland. 

HEAT.     See  Caloric  3,  Dtprumaiic  baryta,  or  fikreniumdf.— > 

HEAVY  SPAR.  Baryta.  This  genus  Colour  pale  asparagus-green,  yello  wish-whit^ 
is  dirided  by  Professor  Jameson  into  four  and  greenish*grey.  Massive,  in  distinct  con- 
species;  rhomboidal,  prismatic,  diprismatic,  cretionsandcrjrstsllized.  The  primitive  fbnn 
and  axifrangible.  is  an  oblique  four-sided  prism,  bevelled  on 

1.  Bkomboidal  baryta,  or  WUkerite.     Co-  the  extremities.     Secondary  figures  are,  the 
lours,  white,    grey,  and  yellow.     Massive,  acicular  six-sided  prism,  and  the acicular  acute 
Disseminated  in  various  imitative  shapes,  and  double  six-sided  pyramid.     Lustre  glistening 
crystallized.     The  primitive  form  is  a  rfaom-  or  pearly ;  cleavage  in  tlie  direction  of  the 
bold  of  88^  O'  and  91^  54/.     Hie  secondary  Uteral  planes  of  the  primitive  form ;  frac- 
forms  are,  the  equiangular  six-sided  prism,  ture    fine-grained,    uneven.       TVanslucent. 
truncated  or  acutely  acuminated,   and  the  Harder  than  calcareous  spar,  but  softer  than 
acute  double  six-sid«i  pyramid.     Prisms  sco-  fluor;   brittle.    Sp.  gr.  3.7.     Infusible  be- 
piformly  grouped,  or  in  druses ;  lustre  glis-  fore  the  blowpipe,  but  becomes  white  and 
tening,    and  resinous ;    cleavage  threefold,  opaque,  ttngeing  the  flame  of  a  dark  purple 
Principal     fVacture     uneven;    translucent;  colour.      It  is    soluble  with   effervescence 
harder  than  calcareous  spar ;  easily  frangi-  in  dilute  nitric  or  muriatic  acid ;  and  paper 
ble.     Sp.  gr.  4.3.     Before  the  blowpipe  it  dipped  in  the  solutions  thus  produced  bums 
decrepitates  slighdy,  and  melts  readily  into  a  with  a  purple  flame.     Its  constituents  are, 
white  enamd ;  soluble  witii  effervescence  in  Strontia,  6L21     69.5     62.0    74.0 
dilute  nitric  add.     It  is  carbonate  of  baryta.  Carbonic  add,     30.20    30,0    30.0   25.0 
with  occasionally  1  per  cent  of  caibonate  of  Water,  8.50      0.5       80     0.5 
strontia  and  sulphate  of  baryta.     It  occurs  in                                  — —    —    ■■         ■ 
CumberUnd  and  Durham  in  lead  vdns  that                                100.0  100.0  100.0  lOaO 
traverM  a  secondary  limestone,  which  rests  on                                Hope.  K'lapr.  PelU.  Bucholx, 
red  sandstone.     It  is  an  active  poison,  and         It  occurs  at  Strontian  in  Argyllshire,  in 
is  employed  for  killing  rats.  ydns  that  traverse  gndss,  along  with  galena, 

2.  Pritmatic  baryta,  or  Heavy  spar.  Of  heavy  spar,  and  calcareous  spar.  **  llie  pe- 
this  there  are  nine  sub-species ;  earthy,  com-  culiar  earth  which  characterizes  this  mineral 
pact,  grenubu*,  curved  lamellar,  straight  la-  was  discovered  by  Dr  Hope ;  and  its  various 
mellar,  fibrous,  radiated,  columnar  and  pris-  properties  were  made  known  to  the  public  in 
matic.  They  are  all  sulphates  of  baryta  in  his  excdlent  Memoir  on  Strontia,  inserted  in 
composition.  On  account  of  its  forms  of  crys-  the  IVansactions  of  the  Royal  Sodety  of  Edin- 
burgh for  the  year  I790."->-Jb«iMOfr,  vol.  it 
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vhoM  account  of  tbe  preceding  gped^  ii  • 
model  of  mineralogical  description. 

4.  At^rangibU  baryta,  or  Cc/ImImk.— Of 
this  there  are  five  subspecies;  foUatedf  pri»- 
nciatic*  fibrous,  radiated,  and  fine  granular. 
We  shall  describe  the  foliated,  and  refer  to 
Professor  Jameson's  work  for  the  rest 

Colours,  white,  grey,  blue,  and  flesh-red. 
Massive,  ii^  lamellar  concretions,  and  cryataU 
liaad  in  the  rectangular  four-sided  tables  in 
which  the  terminal  planes  are  bevelled,  and  in 
the  rectangular  four-sided  table,  bevelled  on 
the  terminal  edges.  Lustre  splendent,  pearly  $ 
cleavage  threefold;  fracture  uneven;  frag- 
ments rhomboidal;  translucent;  scratches 
calcareous  spar,  but  is  scratched  by  fluor-spar ; 
aectile  and  easily  frangibleu  Sp.  gr.  &9. 
It  melts  before  the  blowpipe  into  a  white 
friable  enamel,  without  very  sensibly  tingeing 
the  flame.  It  is  sulphate  of  strontia,  with 
•bout  8  per  cent  of  sulphate  of  baryta.  It 
occurs  in  trap-tuff,  in  the  Calton-hill  at  Ed* 
iaburgb,  and  in  red  sandstone  at  Inverness. 
It  is  abundant  in  tl(e  neighbourhood  of  Bris- 

HEDENBERGITE.  A  mineral  of  a 
dark  green  colour.  It  occurs  massive.  Sp. 
gr.  3bl54.  It  resembles  those  hornblendes 
in  which  iron  prevails.  It  consists  of  silica 
40.62,  alumiqa  0.37,  water  16.5  ?  protoxide 
of  iron  35.^5,  oxide  of  manganese  0.75»  car- 
bonic acid  4.93. — Hedenberg,  Rose  has 
since  Ibund  it  to  consist  of  silica,  lime,  and 
protoxide  of  iron.  It  is  found  near  Mor- 
morsgrufva,  near  Tansbeig  in  Sweden. 

HELIOTROPE.  Asub-spedesofrbom- 
boidal  quartz.  Colour  green  of  various  shades. 
Tk»  bkxxi  and  scarlet-red*  and  the  ochre- 
yellow  dots  and  spots,  are  owing  to  dissemi- 
nated jasper.  Massive,  and  in  angular  and 
rolled  pieces.  Lustre  glistening,  resmous; 
fracture  oonchoidal;  tnuisluoent  on  the  edges; 
easily  frangible ;  hardf  but  softer  than  dial^ 
cedony;  rather  heavy;  sp.  gr.  2.63.  It  is 
infusible  before  the  blowpipe.  Its  consti- 
tuents are^  silica  84,  alumina  7.5,  and  iron  5. 
It  is  found  in  rocks  belonging  to  the  secon- 
dary trap  formation.  The  finest  heliotrope 
comes  from  Bucharia  and  Siberia.  A  variety 
is  found  in  the  island  of  Rume  in  ScotlancL 
It  is  cut  into  seals  and  snuff-boxes.  The 
Siberian  wants  the  red  spots.-— Jbm^nm. 

HELIOTROPIUM.     TuaNSOLE.     See 

AllCHIL. 

HELLEBORE.  The  root  of  a  plant 
formerly  used  in  medicine,  but  now  nearly 
discarded  from  practice^  in  consequence  o( 
tbe  violence  of  its  operation.  Vauquelin 
ascribes  its  acrimony  to  a  peculiar  oil,  which 
he  separated  from  the  infusion  in  alcohol,  by 
distilling  off  the  latter.  It  is  very  poisonous. 
Orfila  says,  on  the  contrary,  that  the  poison- 
ous quality  of  hellebore  root  resides  in  a 
principle  soluble  in  water ;  that  the  powder- 
ed root  is  more  certainly  fatal  when  appliisd 


to  a  wound»  than  when  swaHowed^  that  tbe 
white  hellebore  is  mora  active  than  the  black  ; 
and  that  the  alkaline  extract,  which  forms  a 
part  of  the  tonic  pills  of  Bacher,  is  also  very 
powerful.     Vomiting  is  the  oniy  antidote. 

HELVINE.  A  subspecies  of  dodeca* 
hedral  garnet.  Colour  wax-yellow.  XSafi^* 
minated  in  small  granular  concretions,  and 
crystallized  in  small  tetrahedrons ;  gUmmerw 
ing  or  shining;  fracture  amall-grained«  un^ 
even;  crystals  strongly  translucent;  softer 
than  quartz,  but  harder  than  felspar ;  brittle 
Sp.  gr.  as  to  3.3.  It  melts  easily  into  a 
blackish-brown  glass.  It  occurs  along  with 
slate-spar,  brown  blende,  and  fluor-spa/,  i» 
beds  subordinate  to  gnei8l^  near  Schwartzetfe. 
berg  in  Saxony. 

HEMATIN.  Tbe  colouring  principle  of 
logwood,  the  kemaioxyion  campeckianum  of 
botanists. 

On  the  watery  extract  of  logwood,  digest 
alcohol  for  a  day,  filter  the  solution^  evapo- 
mte,  add  a  little  water*  evaporate  gently 
again,  and  then  leave  the  liquid  at  rest  He- 
matin  is  deposited  in  small  crystals,  which, 
after  washing  with  alcohol,  are  brilliant,  and 
of  a  reddish-white  colour.  Their  taste  is 
bitter,  acrid,  and  slightly  astringent 

Hematin  forms  an  orange-red  solution  with 
boiling  water,  becoming  yellow  as  it  cool% 
but  recovering,  with  increase  of  beat,  its  for- 
mer hue.  Excess  of  alkali  converts  it  first 
to  purple,  then  to  violet,  and  .lastly  to  brown) 
in  which  state  the  hematin  seems  to  be  de- 
composed.  Metallic  oxides  unite  with  he- 
matin, forming  a  blue-coloured  compound. 
Gelatin  throws  down  reddish  flocculi.  Per- 
oxide of  tin  and  acid  merely  redden  it 

HEMLOCK.  Professor  Ficious  of  Dres- 
den mentions  a  new  alkali  in  the  athusa 
ci/apium,  Linn,  which  he  calls  cynopia.  It  is 
crystallizable,  and  soluble  in  water  and  alco- 
hol, but  not  in  ether.  Tlie  crystals  are  rhom- 
bic prisms,  as  are  those  of  its  sulphate. 

HEPAR  SULPHURIS.  A  name  an- 
ciently given  to  alkaline  and  earthy  sulpfau- 
rets,  from  their  liver-brown  colour. 

HEPATIC  AIR.  Sulphuretted  hydro- 
gen gas. 

HEPATITE.  Fetid  straight  lameUar 
heavy  spar.  A  variety  of  lamellar  baryta, 
containing  a  minute  portion  of  sulphur ;  in 
consequence  of  which,  when  it  is  heated  or 
rubbed,  it  emits  a  fetid  sulphurous  odour. 

HERDERITE.  Tbe  prismatic  fluor- 
haloide  of  Mobs. 

HERSCHELITE.  A  mineral  in  white, 
translucent,  and  opaque  crystals,  found  in 
olivine  brought  by  Mr  Herschel  from  Aci 
Reale  in  Sicily.  It  contains  silica,  alumina, 
and  potash.  Sp.  gr.  2.11.  Fracture  con- 
choidal ;  easily  scratched  by  the  knife.— utfn- 
naUofPhiL  x.  361. 

HETEPOSITE.  A  mineral  sent  under 
this  name  from  the  department  of  the  Haute 


HONEY-STONE.                  dSO^  HORNBLENDE. 

FtfiMe ;  and  wbidi,  analyied  by  M.  Vsnqiw-  wood  and  earth  ooal,  and  is  usuaUy 

lin,  was  found  to  be  a  phosphate  of  iron  and  panied  with  salphor,  at  Aitcm  in  Tburingia. 

manganese.— ^fM.  de  Chim,  zxx.  294w  See  the  sequel  of  amber,  for  the  criterin  be- 

HEULANDITE.     A  mineral  fonneily  twcen  it  and  mdlite. 

nnked  among  the  zeolites.     It  occurs  crys-  HOOFS  OF  ANIMAL&     Coagulated 

tallized  in  a  right  oblique  angled  prism,  two  albumen,  like  horn, 

of  its  opposite  lateral  planes  being  longer  than  HOP.     See  LuruUK. 

the  other  two.     Externally  bright,  or  pearly.  HORDEINE.     The  name  given  by  Bf. 

It  occurs  sometimes  massiTe,  frequently  in  a  Pkoust  to  a  substance  which  he  found  In 

globular  form.    Transparent  or  translucent ;  large  quantity  in  barley,  and  which  he  recog- 

colour  white,  yellow,  or  red  ;  easily  frangi-  nixed  in  sereral  other  seeds.     It  constitutes 

ble.     Its  constituents  are,  silica  52.6,  alumi-  fiilly  one-half  of  barley,  which  contains  be- 

na  17.5,  lime  9»  water  IB. 5.     Melts  before  sides  stardi,  gluten,  gum,  sugar,  and  a  little 

the  blowpipe,  with  intumescence.     It  does  resin.     To  extract  the  hordeine,  barley  meai 

not  form  a  jelly  with  acids.     It  is  found  in  dough  must  be  kneaded  in  the  hands  under 

ihe  Faroe  Isles,  the  Harts,  the  trap  of  the  a  streamlet  of  water,  as  is  done  in  procuring 

Giants'  Causeway,  and  near  Paisley.— -Pli^  gluten  from  wheat  flour.     The  starch  is  de- 

/ip<*  Mineralogy,  posited  at  the  twttom  of  the  vessel  mixed  with 

HIGHGATE  RESIN.    See  Fossil  Co-  the  bordeioe.     As  the  latter  is  always  in  the 

PAL.  form  of  a  powder  unalterable  even  by  boiling 

HISINGERITE.     A  massive  mineral,  water,  it  is  suflSdent  to  boil  the  deposit  with 


of  a  black  colour,  having  a  cleavage  in  one  a  certain  quantity  of  water,  in  order  to 

direction,  and  an  earthy  fracture  in  others,  rate  the  starch,  and  the  hordeine  vrill  be  ob- 

Sp.  gr.  3.04i.     Its  constituents  are,  oxide  of  tained,  after  a  few  washings,  quite  pure, 
iron  5L5»  silica  27.5,  alumina  5.5f  oxide  of         Hordeine  is  insipid,  inodorous,  denser  than 

manganese  0.77,  magnesia  a  trace,  loss  by  water,  pulverulent,  of  a  yellow  hue^  a  little 

moisture  1 1.75.     Before  the  blowpipe  it  be-  harsh  to  the  touch  like  saw-dust,  which  it  re* 

comes  attractable  by  the  magnet     It  is  found  sembles  in  its  chemical  properties.  It  affords 

in  the  cavities  of  calcareous  spar  in  Sviirta  no  ammonia  in  igneous  distillation,  but  leacves 

parish  in  Sundermanland.— >27erze/iu<.  a  cbarcoaly  residuum  of  20  per  cent. 

HOLLOW  SPAR.     Chiastolite.  It  is  quite  insoluble  in  water,  cold  or  hot, 

HOLMITE.     A  new  mineral,  which  oc-  and  in  alcoboL     Nitric  add  dissolves  it,  and 

curs  crystallized  in  the  form  of  an  oblique  transforms  it  into  acetic  add,  oxalic  add,  &c. 

four-sided  prism,  and  having  a  sp.  gr.  of  It  appears  to  undergo  remarkable  alterations 

3.597.    Its  constituents  are,  27  lime,  21  car-  in  the  germination  of  the  barley.     By  the 

bonic  add,  6^  alumina,  6^  silica,  29  oxide  of  analysis  of  M«  F.  Marcet  it  consists  of  carbon 

iron,  and  10  water.  44.2,  oxygen  47.6,  hydrogen  6.4v  and  nitro- 

HOMBERG'S  PHOSPHORUS.     Ig-  gen  1.8,  in  100.  He  thinks  it  a  peculiar  sub- 

nited  muriate  of  lime.  stance,  resembling  starch  more  than  any  thii^ 

HONEI.  The  whet-slate  of  mineralogists,  else. 

HONEY.     It  u  supposed  to  consist  of         HORN.      An  animal  substance^  chiefly 

sugar,  mucilage,  and  an  add.  membranous,  composed  of  coagulated  albu- 

HONEY-STONE.  Mellite.  Crystal-  men,  with  a  little  geUtin,  and  about  half  a 
Harz  of  Mobs ;  the  Pyramidal  Honey-stone  per  cent  of  phosphate  of  lime.  But  the  boms 
of  Jameson.  Colour  honey-yellow.  Rarely  of  the  buck  and  hart  are  of  a  different  nature^ 
massive,  but  very  distinctly  crystallized.  The  bdng  intermediate  between  bone  and  bom. 
primitive  form  is  a  pyramid  of  1 109  V  and  HORN  SILVER  Chloride  of  silver. 
930  22^.  The  following  arc  some  of  the  se-  HORNBLENDE.  A  sub-spedes  of 
condary  figures :  \st,  The  primitive  pyramid  straight-edged  augite.  There  are  three  vi^ 
truncated  on  the  apices,  or  on  tlie  apices  and  rieties  of  hornblende;  the  common,  hank- 
angles ;  2d,  These  truncations  giving  rise  blende-slate,  and  basaltic  hornblende, 
to  a  low  rectangular  four-sided  prism,  or  to  1.  Common  hombtende.  Colour  greenisb- 
an  irregular  rhomboidal  dodecahedron  ;  3dj  black,  and  black  of  other  shades.  Massive, 
The  angles  in  the  common  base  flatly  beveU  disseminated,  and  crystallized  in  a  brood, 
led  :  lustre  splendent ;  cleavage  pyramidal ;  thin,  very  oblique  four-sided  prism,  and  in  a 
fracture  conchoidal ;  seroitransparent ;  re*  six-sided  prism.  The  lateral  planes  of  the 
fracts  double.  Harder  than  gypsum,  but  not  prism  are  deeply  longitudinally  streaked. 
so  hard  as  calcareous  spar ;  brittle ;  sp.  gr.  Lustre,  shining  pearly ;  cleavage,  twofold 
1.56.  Before  the  blowpipe  it  becomes  white  and  (Clique  angular ;  fracture  uneven.  The 
and  opaque,  with  black  spots,  and  is  at  length  black  hornblende  is  opaque,  the  green  trans- 
reduced  to  ashes.  Heated  in  a  glass  tube,  lucent  on  the  edges.  Harder  than  apatite^ 
it  becomes  black.  Friction  makes  it  slightly  but  not  so  bard  as  felspar.  Mountain-green 
resino-electric.  Its  constituents  are,  16  alu^  streak.  When  breathed  on,  it  yields  a  pecu- 
mina,  46  mellitic  acid,  and  38  water.  liar  smell ;  difficultly  frangible;  sp.  gr.  '^25, 

It  occurs  superimposed  on   bituminous  It  melts  before  the  blowpipe,  with  violent 


HORKBLENDE.  621  HYACINTH. 

ebollitiOD,  into  a  greyish-black  coloured  glass,  cent  than  the  preceding  kind,  but  somewhat 

Its  constituents  are,  42  silica,  12  alumina,  harder;  rather  difficultly  frangible ;  sp.  gr. 
11  lime,  2.25  magnesia,  30  oxide  of  iron,  -2.518.     It  occurs  in  metalliferous  veins  and 

0.25  ferruginous  manganese^  and  0.75  water,  agate  Teins,  and  along  with  claystone  in  the 

with  a  trace  of  potash.     It  is  an  essential  in-  Pentland  hills. 

gredient  of  the  mountain  rocks,  syenite  and  3.  W^o^dstone.  Colours  ash-grey  and  grey- 
greenstone,  and  it  occurs  frequently  in  gra-  islwblack.  The  various  shi^des  of  colour  are 
nite,  gneiss,  &c.  It  is  found  abundantly  in  in  clouded  and  striped  delineations.  It  oc- 
tbe  British  Islands,  and  on  the  Continent  curs  in  rolled  pieces,  and  in  the  shape  of 

2.  HorrMende-Uate,    Colour  intermediate  trunks,  branches,  and  roots.   Surface  uneven ;    • 

between  greenish-black  and  blackish-green.  dull  or  glistening;    cross  fracture  imper- 

Massive ;  lustre  glistening,  or  pearly ;  fra^  feet  conchoidal,  longitudinal,  fibrous ;  trans- 

ture    straight,    iaty  ;    fragments    tabular ;  lucent  on  the  edges ;  hard  in  a  low  degree ; 

opaque;   streak  greenish;   semi-hard;  diffi-  rather  difficultly  frangible;  sp.  gr.  2.63.     It 

ficultly  frangible.    It  occurs  in  beds  in  gneiss,  is  found  imbedded  in  sandy  loam  in  alluvial 

in   Aberdeenshire,  Banffshire,   and  Argyll-  soil.   It  occurs  near  Lough  Neagh  in  Ireland ; 

shire,  in  many  phrts  of  England  and  Ireland,  at  Chemnitz  and  Hilbersdorf,  in  Upper  Sax- 

and  abundantly  on  the  Continent  ony.     It  receives  a  good  poHsI).— Jameson. 

a  Basaltic  hornblende.  Colour  velvet-  HORSERADISH  ROOT  yields,  by  dis- 
black,  or  brownish-black.  It  occurs  crystal-  tillation,  an  acrid  oil,  denser  than  water. 
Used,  in  the  following  figures:  an  unequi-  HOSPITAL  ULCER,  the  matter  of, 
angular  six-sided  prism,  and  the  six-sided  consists  of  a  peculiar  morbid  secretion.  It 
prism,  both  variously  acuminated.  Lustre  has  been  successfully  treated  by  washing 
of  the  cleavage,  which  is  double,  is  splendent,  with  dilute  nitrate  of  mercury,  nitric  add, 
approaching  to  pearly ;  fracture  small  grain-  and  aqueous  chlorine, 
ed,  uneven;  opaque;  rather  harder  than  HUMBOLDITE.  This  rare  mineral 
common  hornblende,  and  more  easily  fran^  occurs  in  small  crystals,  nearly  colourless 
gible.  Streak  dark  greyish-white.  Sp.  gr.  and  transparent,  or  with  a  yellowish  tinge, 
3. 16.  It  fuses  into  a  black  glass.  Its  con-  and  occasionally  opaque.  They  are  usually 
stituents  are,  47  silica,  26  alumina,  8  lime,  irregularly  aggregateid ;  shining  or  splen- 
2  magnesia,  15  oxide  of  iron,  and  0.5  water,  dent;  primary  form,  an  oblique  rhombic 
It  occurs  imbedded  in  basalt,  along  with  oli-  prism  ;  scratches  fluor,  but  not  glass.  It 
vine  and  augite,  at  Arthur's  Seat  near  Edin-  seems  to  contain  the  same  elements  as  Dato- 
burgh,  in  Flfeshire,  and  the  Islands  of  Mull,  lite.  It  has  been  found  in  chalcedonic  geodes 
Caona,  Eigg,  and  Skye :  In  the  basaltic  in  trap  rocks  in  the  Tyrol. 
rocks  of  England,  Ireland,  and  the  Conti-  HUMITE.  A  mineral  of  a  reddish-brown 
nent— Jameson.  colour,  which  occurs  crystallized  in  octohe- 
HORNSTONE.  Professor  Jameson's  drons,  more  or  less  truncated  or  bevelled, 
ninth  sub-species  of  rhomboidal  quartz.  He  Planes  transvenely  streaked;  lustre  shin- 
divides  it  into  splintery  homstone,  conchoidal  ing ;  transparent ;  scratches  quartz  with  di^ 
bomstone^  and  woodstone.  ficulty.     It  occurs  at  Somma  near  Naples, 

1.  Spiintety  homstone.  Colours  gtvy,  red,  in  a  rock  composed  of  grey-coloured  granu- 
and  green.  Massive,  in  balls,  lenticular,  and  lar  topaz.  It  was  named  by  Count  Bournon, 
in  six-sided  prismatic  supposititious  crystals ;  in  honour  of  Sir  Abr.  Hume,  Bart  a  dis- 
duU ;  fracture  splintery,  and  somewhat  like  tinguisbed  cultivator  of  mineralogy. 

born  in  appearance,  whence  the  name ;  trans-  HURAULITE.     A  new  mineral  from 
lucent  on  the  edges;  less  hard  than  quartz  the /Tnufe  Ftfnyitf  analyzed  by  M.  Vauquelin, 
or  flint;  difficultly  frangible;  sp.  gr.  2.6;  and  found  to  be  composed  of 
infusible  before  the  blowpipe.  Its  constituents  Bases  (iron  and  manganese),          47.2 
are,  96.25  silica,  0.75  alumina,  0.50  oxide  of  Phosphoric  acid,              -              32.8 
iron,  0.50  water.     It  occurs  in  veins  in  pri-  Water,              -              -              20.0 
mitive  countries,  along  with  ores  of  silver,  -i— 
lead,  zinc,  copper,  and  iron,  and  forming  1 00.0 
the  basis  of  bomstone  porphyry.    It  is  found  Ann.  de  Ckim,  zxx.  302. 
in  Arran,  Perthshire^  Argyllshire,  and  many  HYACINTH.    A  sub-species  of  pyrami- 
other  counties  of  Scotland,  and  abundantly  dal  zircon.    Colours  red,  brown,  more  rarely 
on  the  Continent     Homstone  porphyry,  at  yellow,  green,  and  grey.   It  occurs  in  angular 
Efsdale  in  Sweden,  is  cut  into  vases,  candle-  grains,  and  crystallized  in  a  rectangular  four- 
sticks,  &c.  and  the  pedestal  of  the  statue  of  sided  prism,  variously  acuminated  or  trun- 
Gustavus  III.  at  Stockholm  is  formed  of  it  cated.     Crystals  are  small ;  lustre  specular 

2.  Conchoidal  homstone.  Coloura  grey,  splendent ;  cleavage  fourfold ;  fracture  small 
white,  and  red.  Massive,  stalactitic,  and  conchoidal ;  semitransparent  or  transparent, 
rarelyin  supposititious crystab  whose  figures  and  refracts  double;  harder  than  quarU, 
originate  from  calcareous  spar ;  lustre  glim-  but  softer  than  topaz ;  rather  easily  fran'- 
mering;  fracture  conchoidial;  less  translu-  gible;  sp.  gr.  4.6  to  4.78.    Before  the  blow- 
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^ipe  H.  }ma  its  colour,  but  not  Its  fno^ 

parencj,  and  is  iafoaUe.  Its  coonritntms 
are, 

from  Ceylon,  from  Exper. 

Zircon,            70.00  66.00 

Silics,              25.00  31.00 

Oxide  of  iron,   0.50  2.00 

Loss,                 4.50  1.00 


100.00  100.00 

Xlaprotk,  Vau^ueHn. 

It  occurs  imbedded  in  gneiss  and  syenite, 
in  basalt  and  laTa,  and  dispersed  through  al- 
luvial soil ;  in  Auvergne ;  near  Pisa ;  in  the 
trap  rocks  round  Lisbon ;  by  Professor  Jame- 
son in  a  rolled  mass  of  syenite  in  the  shire  of 
Galloway ;  and  abundantly  in  Ceylon. 

The  darker  varieties  are  deprived  of  their 
colour  by  heat,  a  fact  of  which  artists  avail 
themselves  to  inake  zircon  resemble  diamond. 
It  is  esteemed  as  one  of  the  gems  by  lapi- 
daries.—>Jamf  «ofi. 

HYALITE.  Colours  yellowish  and  grey- 
ish-white.  Generally  small  reniform,  botroi- 
dal,  or  stalactitic;  lustre  splendent;  frac- 
ture small  condimdal ;  translucent ;  mo- 
derately hard ;  sp.  gr.  2.2.  Infusible  before 
the  blowpipe.  Its  constituents  are,  92  silica, 
6.33  water.  It  has  been  hitherto  found 
principally  near  Frankfort  on  tbe  Maine, 
where  it  occurs  in  fissures  in  vesicular  basalt 
and  basaltic  greenstoqe.  It  is  cut  into  ring- 
stones. 

HYALOSIDERITE.  A  variety  of 
chrysolite. 

HYDRARGYLLITE.   WaveUite. 

HYDRATES.  Compounds,  in  definite 
proportions,  of  substances  with  water. 

HYDROCARBON.     See   Acid  (Sul- 

FUOVINIC). 

HYDROCARBON.  A  combustible 
mineral  substance  found  in  the  interstices  of 
lignite,  near  Umach  in  the  Canton  of  Saint- 
GalL  It  occurs  in  small  white  or  yellowish^ 
white  acicuhu*  crystals,  having  a  pearly  lus- 
tre, no  taste  or  smell,  and  a  specific  gravity 
above  0.817.  It  melts  at  1 12^  F.,  distiU  at 
194^  F.  and  condenses  unaltered.  It  dis- 
solves in  alcohol,  ether,  and  oil  of  turpen- 
tine ;  but  not  in  water  or  alkaline  solutions. 
It  is  more  fusible  and  volatile  than  naphtha^ 
line.  M.  Macaire  Prinsep  gives  its  com- 
position at  73  carbon  -|-  24  hydrogen ;  which 
is  in  fact  that  of  subcarburetted  hydrogen 
gas. 

HYDROCHLORATES.  Compounds 
of  hydrochloric  oi  muriatic  acid  with  salifi* 
able  bases;  as  ammonia,  magnesia,  quinia, 
&c 

HYDRIOD ATE&  Salts,  consisting  of 
hydriodic  acid,  combined  in  definite  propor- 
tions with  salifiable  bases. 

HYDRIODIC  ACID.  See  Acid  (Hy- 
DttiODic),  and  IODINJ& 
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HYDROCHLORIC  ACID.  Muriatic 
add  gas;  a  compound  of  chlorine  and  hy- 
drogen. 

HYDROCYANIC  ACID.  See  Aod 
(Hydrocyanic). 

HYDROFERROCYANATES.  Salts 
called  also  fenrocyanates.     See  Acio  (Fea- 

HOCY  ANIC  ^ 

HYDROGEN  GA&  The  lightest  spe- 
cies of  ponderable  matter  hitherto  knowik 
It  was  discovered  by  Mr  Cavendish  in  1766u 
It  can  be  procured  only  from  water,  of  whid& 
it  forms  an  essential  constituent. 

Into  a  phial,  furnished  with  a  bent  tube 
fitted  to  its  cork,  or  into  a  retort,  put  some 
pieces  of  pure  redistilled  zinc,  or  harpsichord 
iron  wire,  and  pour  on  them  sulphuric  add 
diluted  with  five  times  its  bulk  of  water. 
An  effervescence  will  ensues  occasioned  bjr 
the  decomposition  of  the  water,  and  dis-i 
engagement  of  hydrcigen,  which  may  be  col- 
lected in  the  pneumatic  appiiratus.  For  very 
accurate  researches,  it  must  be  reodved  ia 
jars  over  mercury,  and  exposed  to  the  joint 
action  of  dry  muriate  of  lime,  and  a  low 
tempemturet  It  is  thus  ireed  from  hygro- 
metric  water.  In  this  state  its  spedfic  gra- 
vity U  0.0694  atmy>  F.  aad  30  indies  of 
barom.  pressure.  100  cubic  inches  weigh 
2.118  grains.  It  is  therefore  about  14.4 
times  less  dense  than  common  air,  16  times 
less  dense  than  oxygen,  aod  14  times  less 
dense  than  azote.  In  the  ar^de  Gas  X  have 
shown,  that  when  it  stands  over  water  at 
60°,  its  sp.  gr.  acquires  an  increase  of  nearly 
oneoseventh;  and  it  becomes  about  0.77. 
From  the  great  rarity  of  hydrogen,  it  is  em- 
ployed for  tbe  purpose  of  inflating  varnished 
silk  bags,  which  are  raised  in  the  air  under 
the  name  of  balloons.     See  A£&08Tatiov. 

This  gas  is  colourless,  and  possessed  of  all 
the  physical  properties  of  air.  It  has  usually 
a  slight  garlic  odour,  arising  probably  from 
arsenical  particles  derived  from  tbe  due. 
When  hydrogen  is  passed  through  pure  al- 
cohol, the  gas  loses  its  odour,  and  the  alcohol, 
then  becomes  milky  with  water.  When  water 
is  transmitted  over  pure  iron  in  a  state  of 
ignition,  it  yields  hydrogen  more  free  from 
smelL  It  is  eminently  combustible,  and,  if 
pure,  bums  with  a  yellowish-wbite  flame; 
but,  from  acddental  contamination,  its  flam^ 
has  frequently  a  reddish  tinge.  If  a  narrow 
jar  filled  witli  hydrogen  be  lifled  perpendii- 
cularly,  with  the  bottom  upwards,  and  a 
lighted  taper  he  suddenly  introduced,  the 
taper  will  be  extinguished,  but  the  gas  will 
burn  at  the  surface,  in  contact  with  the  air. 
Animal  life  is  likewise  speedily  extinguished 
by  the  respiration  of  this  gas,  though  Sir  H. 
Davy  has  shown,  that  if  the  lungs  be  not 
previously  exhausted  by  a  forced  expirstioii* 
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it  uay  be  breotbad  for  a  few  aecooda  without  oxl<iiied  sulphuiet  of  the  same  metal ;  but 

much  seeming  inconveiiience.    For  its  poiiit  oxygen  and  carbonic  acid  are  not  affected, 

of  accensioD,  see  COMBumON ;  and  for  its  100  grains  of  the  oxide  absorb  from  )5  to 

habitudes  with  liquids  and  solids,  see  Gas.  SO  inches  of  hydrogen,  and  develope  suffi- 

The  discovery  by  M.  Doberdner,  that  a  cient  heat  to  ignite  the  oxide  and  kindle  the 
stream  of  hydrogen  made  to  play  on  a  few  hydrogen,  if  it  be  previously  mixed  with 
grains  of  pulverulent  or  spongy  platinum  oxygen  or  atmospheric  air. 
placed  in  a  little  glass  cone,  ignit«i  it  to  such  The  preparation  of  platinum,  impregnated 
a  degree  as  to  kindle  the  gas,  may  be  regards  with  hydro^n,  greedily  attracts  the  oxygen 
ed  a»  one  of  the  most  ungular  phenomena  of  requisite  for  converting  the  hydrogen  into 
chemistry.  Hie  aperture  of  the  hydrc^^  water.  Hence,  if  the  atmospheric  air  be 
jet  should  be  from  1  to  2  inches  distant  from  allowed  to  penetrate  into  the  tube  containing 
the  platinum,  in  order  that  the  atmospheric  this  combination,  the  air  is  soon  disoxygen- 
air  may  be  intermingled.  The  incandescence  ated ;  and  if  there  be  less  oxygen  than  is  ne- 
continues  as  long  as  the  gas  continues  to  cessary  to  saturate  the  hydrogen,  the  excess 
flow.  It  is  truly  surprising  to  see,  by  a  re-  of  this  combines  with  the  azote  to  form  am- 
action  apparently  mechanical  between  two  monia.  The  oxide  of  platinum  is  reduced 
forms  of  matter,  one  the  lightest,  and  the  in  this  operation,  and  no  longer  possesses  the 
other  the  densest  known,  so  intense  an  effect!  faculty  of  disposing  the  alcohol  to  change 
The  compound  hydrogenous  gases,  such  as  into  vinegar,  nor  that  of  condensing  hydro- 
ammonia,  olefiant  gas,  carburetted  hydrogen,  gen,  but  it  is  still  capable  of  determining  the 
muriatic  add,  &c.  are  not  determined  by  the  conversion  into  water  of  a  mixture  of  hydro* 
platinum  powder  to  appropriate  oxygen.  gen  and  oxygen.     Hence  he  was  led  to  the 

On  directing  on  a  mixture  of  platinum  remarkable  action  of  spongy  pulverulent  pl»> 

powder,  and  nitrate  of  platinum  and  ammo-  tinum  on  that  gaseous  mixture, 

nia,  a  jet  of  hydrogen,  the  mixture  ignites  M.  Dobereiner  states,  that  when  the  oxid- 

with  tlie  emission  of  luminous  sparks.     The  ised  sulpburet  of  platinum  is  put  in  contact 

same  effect  takes  place  with  the  black  powder  with  gaseous  oxide  of  caibon,  one-half  of  the 

of  platinum  which  zinc  separates  from  the  volume  is  condensed,  and  the  remaining  gas 

solution  of  this  metal,  and  which  is  a  mix-  is  carbonic  acid.     Thus  we  see  that  the  ox* 

tnre  of  protoxide  of  platinum  and  platinum  idized  sulpburet  takes  carbon  from  its  oxides 

powder.     This  powder  has  the  power  of  MM.  Dulong  and  Hienard  found,  that 

transforming  by  degrees,  with  access  of  oxy-  thin  leaf  platinum  crumpled  together  into  a 

gen,  alcohol  into  acetic  acid.  pellet  acted  instantly  on  a  mixture  of  hydro- 

Fulverulent  platinum  is  best  obtained  for  gen  and  oxygen,  tlMHigh  the  same  leaf  rolled 
this  purpose  by  exposing  the  precipitated  round  a  cylinder  of  glass,  or  suspended  by 
muriate  of  platinum  and  ammonia  to  gentle  itself,  did  not  produce  any  effect.  Palla* 
ignition.  When  the  particles  become  agglu-  dium,  rhodium,  with  gold  and  silver,  acted, 
tinated  by  a  higher  heat,  they  are  rendered  but  only  at  elevated  temperatures.  Carbo* 
unfit  for  the  experimeoL  M.  Dobereiner  nic  oxide  and  oxygen  form  carbonic  add; 
had  previously  shown,  in  Grilbert's  Annals,  nitrous  gas  is  decomposed  by  hydrogen  in 
Ixxxii.  193.  ^lat  not  only  the  protoxide  of  contact  with  spongy  platinum ;  and  a  mix* 
platinum  of  Mr  E.  Davy,  (see  Platinum),  ture  of  olefiant  gas,  with  suflBcient  oxygen^ 
but  also  the  oxidized  sulpburet  of  the  same  is  changed  into  water  and  carbonic  add. 
metal,  possesses  the  property  of  causing  al-  ISO  grains  of  iron  wire  are  suffident  to 
cohol  with  which  it  is  moistened,  to  be  coo-  decompose  nearly  the  whole  of  a  rapid  cur- 
verted,  at  the  expense  of  the  atmospheric  rent  of  ammoniacal  gas,  transmitted  for  8  or 
oxygen,  into  vinegar  and  water.  The  oxi-  10  hours  through  a  moderately  ignited  tube, 
diaed  sulpburet  of  Doberdner  is  procured  while  thrice  the  wdght  of  platinum  wire  does 
by  precipitating  the  solution  of  this  metal  not  produce  the  same  effect,  even  at  a  much 
with  sulphuretted  hydrogen,  and  exposing  higher  temperature.  Now,  as  iron  so  well 
the  washed  sulpburet  for  some  weeks  to  the  separates  the  elements  ,of  ammonia^  and 
contact  of  air.  In  the  singular  process  of  scarcely  at  all  effects  the  combination  of 
the  conversion  of  alcohol  into  vinegar  and  hydrogen  with  oxygen,  while  with  platinum 
water,  1  atom  of  alcohol,  says  he,  (ss  46)  it  is  the  reverse,  these  French  chemists  are 
absorbs  4  Bioma  ( =  32)  of  oxygen,  and  induced  to  suppose,  that  some  gases  tend  to 
forms  1  atom  (=s=  31)  of  acetic  acid,  and  combine  under  the  influence  of  metals,  and 
3  atoms  (=  27)  of  water.  Equal  volumes  others  to  separate,  the  effect  varying  with  the 
of  oxygen  and  vapour  of  alcohol  mutually  nature  of  each  metal, 
combine  to  form  equal  volumes  of  vapour  Spongy  palladium  inflames  a  jet  of  hydro- 
of  acetic  acid  and  vapour  of  water ;  for  one  gen,  as  well  as  the  platinum ;  iridium  bfr> 
atom  of  water  is  requisite  for  the  existence  comes  hot,  produdng  water ;  cobalt  and 
of  free  acetic  acid.  nickel,  in  masses,  cause  the  gases  to  combing 

All  the  combustible  gases  are  absorbed  by  at  about  300^  F. ;   cold  spongy  platinum 

the  above  oxide  of  platinum,  and  by  the  forms  water  and  ammonia  with  joitroas  ga^ 
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^ADd  hydrogto  ;  and  acted  also'  on  mixed  by-         For  an  account  of  these  several  compound^ 

drogen  and  nitrous  oxide  gases.  lee  the  respective  bases.     From  the  propor- 

'     Mr  Garden,  of  Oxford  Street,  found  that  tion  in  which  it  combines  with  these  bodiesi 

the  black  powder,  consisting  of  iridium  and  its  prime  equivalent  on  the  oxygen  radix  is 

-osmium,  left  when  crude  platinum  is  digested  fixed  at  0. 125. ,    It  is  the  body  which  gives 

in  nitro-muriatic  acid,  if  heated  red  hot,  and  the  power  of  burning  with  flame  to  all  the 

suffered  to  cool,  acts  as  well  as  spongy  plati-  substances  used  for  the  eoonomioil  produc- 

num  itself.     See  Euoiometeb.  tion  of  heat  and  HghL 

When  live  measures  of  atmospheric  air  are         In  that  valuable  repository  of  philosophi- 

mixed  with  two  of  hydrogen,  and  a  liglited  cal  facts,  Tilloch's  Magazine,  we  have  the 

taper,  or  an  electric  spark,  applied  to  the  following  notice  of  the  effect  of  hydrogen 

mixture,  explosion  takes  place,  three  mea-  gas  on  the  voice  :^"  The  Journal  Briian-- 

aures  of  gas  disappear,  and  moisture  is  depo-  niquej  publislied  at  Geneva  by  Prevost,  con- 

-nted  on  the  inside  of  the  glass.     When  two  tains  the  following  article :— '  Maunoir  was 

measures  of  hydrogen,  mixed  with  one  of  one  day  amusing  himself  with  Paul  at  Ge- 

oxygen,   are  detonated,   the  whole  is  con-  neva,  in  breathing  pure  hydrogen  air.     He 

densed  into  water. .    Hius,  therefore,  we  see  inspired  it  with  ease,  and  did  not  perceive 

the  origin  of  the  name  hjfdrogen,  a  term  de-  that  it  had  any  sensible  effect  on  him,  either 

rived  from  the  Greek  to  denote  tlie  water*  in  entering  his  lungs,  or  passing  ouL     But 

formtr.     See  Wateb.     If  a  bottle  contain-  after  he  had  taken  in  a  very  large  dose,  be 

ing  the  effervescing  mixture  of  iron  and  was  desirous  of  speaking,  and  was  astonish-* 

tiilute  sulphuric  acid  be  shut  with  a  cork,  ingly  surprised  at  the  sound  of  his  votoe^ 

-having  a  straight  tube  of  narrow  bore  fixed  which   was  become  soft,   shrill,   and   even 

upright  in  it,  then  the  hydrogen  will  issue  in  squeaking,  so  as  to  alarm  him.     Paul  made 

a  jet,  which  being  kindled,  forms  the  philo-  ^e  same  experiment  on  himself,  and  the  same 

aophical  candle  of  Dr  Priestley.     If  a  long  effect  was  produced.    I  do  not  know  whether 

glass  tube  be  held  over  the  flame,  moisture  any  thing  similar  has  occurred  in  breathing 

will  speedily  bedew  its  sides,  and  harmonic  any  of  the  other  gases.  "*-»VoL  iv.  p.  2!4<. 
cones  will  soon  begin  to  sound.     Mr  Fare-         HYDROGURET    OF    SULPHUR, 

day,  in  an  ingenious  paper  inserted  in  the  SeeSoLPHUR. 

10th  number  of  the  Journal  of  Science,  states,         HYDROMEL.      When  honey  is  dia* 

that  carbonic  oxide  produces,  by  the  action  of  solved  in  water,  it  gradually  ferments,  and 

its  flame,  similar  sounds,  and  that  therefore  gives  rise  to  a  vinous  liquor,  usually  caQed 

the  effect  is  not  due  to  the  affections  of  aque-  hydromel. 

ous  vapour,  as  had  formeriy  been  supposed.  HYDROMETER.  The  best  method  of 
He  shows  that  the  sound  is  nothing  more  weighing  equal  quantities  of  corrosive  vola- 
than  the  report  of  a  continued  explosion,  tile  fluids,  to  determine  their  spedfic  gravi- 
agreeably  to  Sir  H.  Davy's  just  theory  of  ties,  appears  to  consist  in  enclosing  them  in 
ihe  constitution  of  flame.  Vapour  of  ether,  a  bottle  with  a  conical  stopper,  in  the  side  of 
made  to  burn  from  a  small  aperture,  pro-  which  stopper  a  fine  mark  is  cut  witli  a  file, 
duces  the  same  sonorous  effect  as  the  jet  of  The  fluid  being  poured  into  the  bottle,  it  is 
hydrogen,  of  coal  gas,  or  olefiant  gas,  on  easy  to  put  in  the  stopper,  because  the  re- 
glass  and  other  tubes.  Globes  from  seven  dundant  fluid  escapes  tlirough  the  notch  or 
to  two  inches  in  diameter,  with  short  necks,  mark,  and  may  be  carefully  wiped  off.  Equal 
give  very  low  tones ;  botdes,  Florence  flasks  bulks  of  water,  and  other  fluids,  are  by  this 
and  phials,  always  succeeded ;  air  jars,  from  means  weighed  to  a  great  degree  of  accuracy, 
four  inches  cUameter  to  a  very  small  size,  care  being  taken  to  keep  the  temperature  as 
may  be  used.  Some  angular  tubes  were  equal  as  possible,  by  avoiding  any  contact  of 
constructed  of  long  narrow  slips  of  glass  and  the  bottle  with  the  hand,  or  otherwise.  The 
wood,  placing  three  or  four  together,  so  as  bottle  itself  shows  with  much  precision,  by  a 
to  form  a  triangular  or  square  tube,  tying  rise  or  fall  of  the  liquid  in  the  notch  of  the 
them  round  with  pack-thread.  These  held  stopper,  whether  any  such  change  has  taken 
over  the  hydrogen  jet  gave  distinct  tones.  place.    See  Specific  Gravity,  and  Aloobol. 

Hydrogen,  combined  with  The  hydrometer  of  Fahrenheit  consisU  of 

Oxygen,      forms  water.  a  hollow  ball,  with  a  counterpoise  lielow,  and 

Chlorine,  muriatic  acid.  a  very  slender  stem  above,  terminating  in  a 

Iodine,  hydriodic  acid.  small  dish.     The  middle,  or  half  length  of 

'Cyanogen,  prussic  acid.  the  stem,   is   distinguished  by  a  fine  line 

Carbon,  subcarb.  and  carb.  hydr.  across.     In  this  instrument  every  division  of 

Azote,  ammonia.  the  stem  is  rejected,   and  it  is  immersed 

Phosphorus,  subphos.  and  phos.  hydr.  in   all   experiments  to  the  middle  of  the 

Sulphur,  sulplk  and  subsul.  hydr.  stem,  by  placing  proper  weights  in  the  little 

Aracnic,  arsenuretted  hydrogen.  dish  above,     l^en,  as  the  part  immersed 

Tellurium,  telluretted  hydrogen.  is  constantly  of  the  same  magnitude,  and 

•Potassium,  potassuretted  hydrogen.  the    whole   weight   of  the   hydrometer   is 
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known,  this  last  weight,  added  to  the  weq^hts 
IB  the  dish,  will  be  equal  to  the  weight  of 
fluid  displaced  by  the  instrument,  as  all 
writers  on  hydrostatics  prove.  And  accord- 
ingly, the  sp.  gravities  for  the  common  fonn 
of  the  tables  will  be  had  by  the  proportion : 

As  the  whole  weight  of  ^e  hydrometer 
and  its  load,  when  adjusted  in  dis- 
tilled water. 

Is  to  the  number  1000,  &c 


So  is  the  whole  weight' when  adjusted 

in  any  other  fluid 
To  the  number  expressing  its  specific 
gravity. 
The    hydrometers,    or   pete-Uqveurt,    of 
Beaum^  though  in  reality  comparable  with 
each  other,  are  subject  in  part  to  the  defect*, 
that  their  results,  baring  no  independent  nu- 
merical measure,  require  explanation  to  those 
who  do  not  know  the  instruments. 


BeaumS't  HjfdromBterfir  Spirits. 
Temperature  55^  Fahrenheit,  or  10^  Reaumur, 


Deg. 

Sp.  Gr. 

Deg. 

Sp.  Gr. 

Deg.  Sp.  Gr. 

Deg. 

Sp.  Gr. 

Deg.  Sp.  Gt. 

10  sa 

:  1.000 

17  = 

=:.949 

23=2.909 

29  = 

S.874 

35  a:  .842 

11 

.990 

18 

*942 

24   .903 

30 

.868 

86   .837 

12 

.985 

19 

.9a5 

25   .897 

31 

.862 

37   .832 

13 

.977 

20 

.928 

26   .892 

32 

.857 

38   .827 

14 

.970 

21 

.922 

27   .886 

33 

.852 

39   .822 

15 

.963 

22 

.915 

28   .880 

34 

.847 

40   .817 

16 

.955 

• 

With  regard  to  the  hydrometer  for  salts, 
the  learned  author  of  the  first  part  of  the 
Encyclopaedia,  Guyton  de  Morveau,  who  by 
no  means  considers  this  an  accurate  instru- 
ment, affirms,  that  the  sixty-sixth  degree  cor- 


responds nearly  with  a  specific  grarity  of 
1.818;  and  as  this  number  lies  near  the 
extreme  of  the  scale,  I  shall  use  it  to  deduce 
the  rest 


Beaum^t  Hydrometer  for  Salts, 
Temperature  55°  Fahrenheit,  or  10^  Reaumur. 


>eg.  Sp.  Gr. 

Deg.  Sp.  Gr. 

Deg.  Sp.Gr. 

Deg.  Sp.  Gr. 

D^.  Sp.Gr. 

Oss  1.000 

15  SB  1.114 

30  ss  1.261 

45  a:  1.455 

60=r  1.717 

3   1.020 

18   1.140 

33   1.295 

48   1.500 

63   1.779 

6   1.040 

21   1.170 

36   l.a33 

51   1.547 

66   1.848 

9   1.064 

24   1.200 

39   1.373 

54   1.594 

69   1.920 

12   1.089 

27   1.230 

42   1.414  . 

57   1.659 

72   2.000 

■  It  may  not  be  amiss  to  add,  however,  that 
in  the  Philosophical  Magaiine,  Mr  Bingley, 
the  assay  roaster  of  the  mint,  has  given  the 
fbllowing  numbers  as  the  specific  gravity  of 
nitric  add,  found  to  answer  to  the  degrees  of 


an  areometer  of  Beaum^  by  actual  trial ;  tem- 
perature about  60**  Fahr.  But  his  appears 
to  have  been  a  different  instrument,  as  it  was 
graduated  only  from  0  to  50°. 


Deg.  Sp.  Gr. 

Deg.  Sp.  Gr. 

Deg.  Sp.  Gr. 

Deg.  Sp.  Gr. 

Deg.  Sp.  Gr. 

Idas  1.150 

29s:  1.250 

34  ss  1.300 

38—  1.350 

42  =£  1.400 

20   1.167 

30   1.267 

35   1.312 

39   1.358 

43   1.416 

26   1.216 

31   1.275 

36   1.333 

40   1.367 

45   1.435 

28   1.233 

32   1.283 

37   1.342 

41   1.383 

There  are  a  variety  of  hydrometers  used 
for  determining  the  strength  of  ardent  spirit. 
See  Alcohol,  and  Distillation. 

HYDROPHANE.  A  variety  of  opal, 
which  has  the  property  of  becoming  transpa- 
rent on  immersion  in  water.  It  is  also  called 
oeulus  mundu  We  must  be  careful  to  im- 
merse them  only  in  pure  water,  and  to  with- 
draw tbem  whenever  they  have  acquired  their 
full  transparency.  If  we  neglect  these  pre- 
cautions, the  pores  will  soon  become  filled 
with  earthy  particles  deposited  from  the  wa- 


ter, and  the  hydrophane  will  cease  to  exhibit 
this  curious  property,  and  will  remain  always 
more  or  less  opaque. 

HYDROSILICITE.  A  new  mineral 
species  found  in  the  serpentine  of  Franken- 
berg  in  Silesia.  It  is  white;  without  lustre; 
feeU  greasy ;  is  transluoent ;  fracture  even ; 
is  soft ;  does  not  adhere  to  the  tongue ;  amor- 
phous; and  appears  to  be  composed  almost 
entirely  of  pure  silica  and  water. 

HYDROSULPHURET&  Compounds 


JASPER. 
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•C  wli^iarattfid  hydragen  with  the  salifiable 


HTDaOXmOMIC  ACID.  Salphu. 
retted  hydrogen,  the  hydramlphmic  add  of 
M.  Gay  Loaaac* 

HYDRURETS.  Compoundi  oikjA^ 
gen  with  metals. 

HYOSCIAMA.  A  new  'vegetable  alk- 
•li,  extracted  by  Dr  Bsandes  from  the  hyo»- 
ciamus  nigra,  or  henbane.  It  oyataUiaea  in 
long  prisms,  and  when  neutralized  by  sul- 
phuric acid  or  nitric  add,  forms  characteris- 
tic salts.  The  examination  of  the  alkaline 
constituents  of  narcotic  plants  demands  great 
circumspection,  because  in  them  the  whole 
poiscHunis  properties  of  the  plant  are  concen- 
trated. Tlie  vapour  is  particularly  prejudi- 
cial to  the  eyes.  The  smallest  moiBel  put 
upon  the  tongue  is  very  dangerous. 

HYFEROXYMURIATE&  Salts  now 
called  Chlorates.  See  Aao  (Chlobic)  in 
the  sequel  of  Acid  (Muuatic). 

HYFONITROUS  ACID.      See  Aao 

(NiTBOUS). 


HYPER8TBNE. 
■par.  Colour  between  greyish  and 
Uack,  but  neariy  oopper-red  on  the  clenvi 
Maasive^  disseminaled,  and  in  thin,  curredv 
lamdlar  ooncretiona ;  lustre  shining,  mctalf- 
Uc,  pearly;  cleavage  double  oblique  angu- 
lar; opaque;  streak  greenish-grey;  hard  as 
ieJspsr;  twillla;  sp.  gr.  3.4.  Infusible  be- 
fore the  blowpipes  Its  coastitueBts  are^ 
54.25  silica,  14  magnesM,  8.25  alumina,  1.50 
lime^  24^5  oxide  of  iron,  1  water,  and  a  trace 
of  manganeseb  It  has  been  found  in  liibra- 
dor,  Greenland,  and  by  Dr  M*CuUoch  in 
the  Isle  of  Skye.  It  has  a  beautiful  coppep- 
red  colour  when  cut  and  polished  into  riog- 
Btones  or  brooches. 

HYPOPHOSPHOROUS  ACID.  See 
Acid  (Hyfqfhosphobous). 

HYPOSULPHUROUS  ACID.  See 
AoD  (Hyposctlphurous). 

HYPOSULPHURIC  ACID.  8eeAcu> 
(HYFOfiULFHUBic) ;— which  three  adds  are 
treated  of  under  the  phosphoric  and  sulpbo- 
ric. 


I  &  J 


JADE.     See  Kefhbite. 

JALAP.  A  root  used  in  medidne  as  a 
purgative.  By  M.  Henry's  analysis,  the  con- 
stituents iji  three  different  varieties  of  this 
root  are, 

-  JaL  leger.  Jai  nin.  JaL  pique. 
Resin,             60             48  72 

Extract,  75  140  125 

Starch,  05  102  103 

Woody  fibre,  270  210  200 

500  500  500 

J  AMESONITE.  A  mineral  speries,  con- 
listing  principally  of  sulphuret  of  antimony 
and  sulphuret  of  lead,  as  appears  from  the 
following  analysis  -.—-Sulphur  22.3,  lead  40, 
copper  0.15,  iron  2.4,  antimony  34.5.  Tlie 
iron  is  supposed  to  be  accidental.  Its  com- 
position has  been  expressed  by  the  formula 
3Pb  Su  -f  4Sb  Su. 

JA  RGON.     See  Zircon. 

JASPER,  A  sub-spedes  of  the  rfaom^ 
boidal  quartz  of  Professor  Jameson.  He 
enumerates  five  kinds:  Egyptian  jasper, 
striped,  porcelain,  common,  and  agate  jasper. 

1 .  Egyptian  jatpetf  of  which  there  is  red 
and  brown.  The  first  is  flesh-red,  blood-red, 
yellow,  and  brown,  in  ring-shaped  delinea- 
tions }  in  roundish  pieces ;  dull ;  fracture  con- 
choidal;  feebly  translucent  on  the  edges; 
hard;  easily  frangible;  sp.  gr.  2.63.  It  is 
found  imbedded  in  red  day-ironstone  at  Ba- 
den, and  is  cut  into  ornaments. 

The  brown  has  its  various  shades  of  colour 
diaposed  in  concentric  stripes,  alternating 
with  black  stripes;  in  spheroidal  masses; 


lustre  glimmering;  fracture  concboidal;  fee* 
bly  translucent  on  the  edges ;  as  hard  as  bom- 
stone;  sp.  gr.  2.6.  It  is  infusible.  It  oc- 
curs loose  in  the  sands  of  ^EgypL  It  is  cut 
into  ornaments. 

2.  Siriped  jatper.  Colours  grey,  green, 
yellow,  red,  arranged  in  stripes,  in  flamed  or 
spotted  delineations ;  massive  in  whole  beds; 
dull ;  fracture  conchddal ;  opaque ;  ien  hard 
than  Egyptian  jasper ;  rather  easily  frangi- 
ble; sp.  gr.  2.5.  It  occurs  in  secondary 
clay-porphyry  in  the  Pentland-hills,  and  near 
FViburg  in  Saxony.  It  rccdves  a  fine  po- 
lish. 

8.  P&rcelain  jatper.  Colours  grey,  bloa^ 
yellow,  generally  of  one  colour,  or  with  doud- 
ed  deUnearions.  Maasive,  and  cracked  in  ail 
directions;  lustre  glistening;  fracture  ooo- 
ehoidal ;  opaque ;  easily  frangible^  and  not 
very  hard ;  sp.  gr.  2.5 ;  fuses  into  a  white 
^  8^  glsBs.  Its  constituoits  are,  60l75 
silica,  27.25  alumina,  3  magnesia,  2.5  oxide 
of  iron,  and  3.66  potash.  It  is  always  fbund 
along  with  burnt  clay  and  earth  slags.  Ac- 
cording to  Werner,  it  is  slate>clay  converted 
into  a  kind  of  porcelain,  by  the  heat  of  a 
pseudo-volcano  from  beds  of  burning  ooaL 
It  is  found  on  the  coast  of  Fifieshire,  in  Shrop- 
shire, and  Warwickshire,  and  some  parts  of 
Germany,  where  immense  beds  of  coal  ap- 


4.  Common  jatper.  Colours  red  and  brown. 
Massive ;  lustre,  from  shining  to  dull ;  frac- 
ture conchoidal;  opaque;  hard  in  a  low 
degree ;  rather  easily  f^nsngible ;  sp.  gr.  2.6. 
Inflisible  before  the  blowpqpe,  bccomfaig  at 
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teat  ^bile.     It  occun  principany  in  tdns  m  fine  of  «i  ]iidigo4»lue  cdloiir,  found  in  thk 

a  constttnent  of  agate.     It  is  foancl  in  the  mine  of  Utoe  in  Sweden,  in  crystale.    Klmp. 

Pentland-hilla,  and  in  trap  and  tranntion  roth  found  it  to  contain  alumina  40,  nlica 

rocks  in  Ayrshire  and  Dumfrio  ahire.     It  85,  oiide  of  iron  22. 

nceites  a  good  polish.  INDIGO.     A  bhie  colouring  matter  ex- 

5w  Jgaiejtuper.     Colours  yeUowiih-white  tracted  from  a  plant  called  Anil,  or  the  In- 

and  reddish-white.  MaasiTe ;  dull ;  fracture  digo  Plant 

flat  conchoidal ;  opaque ;  hard  in  a  low  de-  In  the  preparation  of  this  drug,  the  hetf> 
gree.  It  occun  in  layets  in  agate  baling  in  is  put  into  a  Tat  or  cistern  called  the  steep- 
many  places.  ing  trough,  and  there  covered  with  water. 

ICE.       See    Caloeic,    Temfb&atobe,  The  matter  begins  to  ferment  sooner  or  later, 

IteftMOMETER,  Water.  according  to  the  warmth  of  the  weather  and 

ICELAND  SPAR.     See  CALCABfiOUa  die  maturity  of  the  plant ;  sometimes  in  six 

or  eight  hours,  and  sometimes  in  not  less 


ICE-SPAR.     A  sub-spedcs  of  felspar.       than  twenty.     The  h'quor  grows  hot,  throws 
ICHTH  YOPHTH ALMITE.  See  Aro-     up  a  plentiful  froth,  thickens  by  degrees,  and 


acquires  a  blue  colour  inclining  to  tiolet 

ICHTH  YOCOLLA.  Pish  glue,  or  Iwir-  At  this  time,  without  touching  the  herb,  the 

gftus.  liquor  impregnated  with  its  tincture  is  let  out 

IDOCRASE.     See  Vssuviam.  by  cocks  in  the  bottom  into  another  vat  phio- 

JEFFERSONITE.      A   new    mineral,  ed  for  that  purpose^  so  as  to  be  commanded 

found  in  lamellar  masses,  imbedded  in  Frank-  by  the  first 

linite  and  garnet    Hardness  between  iuoN         In  the  second  vat,  called  the  beating  Tat, 

spar  and  apatite ;  sp.  gr.  3.53 ;  colour  dark  the  liquor  is  strcmgly  and  incessantly  beaten 

olive-green,    passing  into  brown ;   slightly  with  a  kind  of  buckets  fastened  to  poles,  till 

translucent    on  the  edges ;    lustre  slight ;  the  colouring  matter  is  united  into  a  body, 
greyish  streak;    melts    readily  before    the         As  soon  as  it  is  judged,  from  the  blue 

bk>wpipe.     It  presents  three  distinct  clew-  colour  of  the  liquid,  that  the  beadng  is  aul&- 

■ges :    Constituents-^lica  56,  lime  15. 1,  cient,  some  lime-water  is  added,  and  it  is  left 

prolox.   manganese   13.5,  perox.   iron  14^  at  rest  for  two  hours ;  after  which  the  dear 

oxide  of  zinc  1.0,  alumina  2.0,  loss  by  cal-  liquor  is  drawn  off  by  cocks  in  the  side  of 

cination  1.0,  loss  1.4,  in  100.-— Afr  Keatinf,  the  vat,  and  the  blue  part  is  discharged  by 

m  Annals  of  Phil.  N.  &  iv.  234fi.  another  cock  into  a  third  vat,  where  it  is  su^- 

JELLY  of  ripe  currants  and  other  berries;  fered  to  settle  for  some  time  longer;  then 

a  compound  of  mudlage  and  acid,  which  loses  conveyed  in  a  half  fluid  state  into  bags  of 

its  gelatinizing  power  by  long  boiling.  cloth,  to  strain  off  more  of  its  moisture ;  and, 

JENITE.     See  Lievrite.  lastly,  exposed  to  the  air  in  the  shade  in  shal- 

JET.     See  Pitch  Coal.  low  wooden  boxes,  till  it  is  thoroughly  dry. 

IGASURIC  ACID.      See  Acn>  (Ioa-         In  the  provinces  of  Southern  India,  the 

suBic).  leaves  of  the  indigo  plant  are  dried,  and 

IGNIS  FATUUS.  A  luminous  appear-  packed  up  for  a  month,  more  or  less,  at 
ance  or  flame,  frequently  seen  in  the  night  in  the  expiration  of  which  period  they  assume 
•different  country  places,  and  called  in  Engu  n  light  lead  colour ;  by  additional  keeping 
land  Jack  with  a  lantern,  or  Will  with  the  wiip.  the  lead  colour  gradually  darkens  till  it  be- 
lt seems  to  be  mostly  occasioned  by  the  ex-  comes  black.  Experience  has  proved,  that 
irication  of  phosphorus  from  rotting  leaves  the  leaves  will  not  give  out  any  colouring 
and  other  vegetable  matters.  It  is  probable  matter  to  cold  water  till  the  first  change  has 
'diat  the  motionless  ignes  fatui  of  Italy,  which  commenced,  when  the  maximum  quantity  of 
are  seen  nightly  on  the  same  spot,  an  pro-  indigo  seems  to  be  developed ;  and  that  from 
duced  by  the  slow  combustion  of  sulphur,  this  period  it  diminishes.  If  from  tetsr  of 
emitted  through  clefts  and  apertures  in  the  nin  the  plant  be  Cut  too  soon,  the  leaves 
Mil  of  that  volcanic  country.  -should  be  kept  proportionally  longer;  but  if 

INCINERATION.    Tbe  combustion  of  from  want  of  sufficient  sunshine  the  cutting 

'V^etable  or  animal  substances,  for  the  pur-  be  deferred  till  after  the  plant  is  fully  ripe, 

pose  of  obtaining  their  ashes  or  fixed  residue,  the  leaves  will  not  require  to  be  kept  so  long. 

INCOMBUSTIBLE    CLOTH.       See         These  leaves,  after  due  keeping,  are  tians- 

AflBESTUS.  forred  to  the  steeping  vat,  where  they  are  iil- 

INDIANITE.     A  mineral  of  a  whitish  fused  in  water,  in  the  proportion  of  about 

or  greyish  colour,   with  a  shining  lustre;  one  volume  of  leaves  to  six  of  water,  and 

translucent ;  scratches  glass,  but  is  scrstdied  allowed  to  digest  for  two  hours  with  oeca- 

byfolspar.     Sp.gr.  about  2.74.     It  consists  sional  starring.     The  water  is  tiien  run  off 

of  silica  46.5,  ahimina  37.5^  lime  15,  iron  8,  through  strainers  into  the  beating  vat,  where 

and  a  trace  of  manganese.     It  is  the  gangue  it  is  agitated  by  the  paddles  of  ten  or  tweWe 

of  eorundum  ftom  the  Camatic.  natives  for  about  two  hours,  during  which 

'    INDICOLITE.     A  variety  of  tourauh  time  the  fine  green  Uquor  gradually  darkens 

1 
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40  a  blickiab  hue.    Lime  water  is  now  thrown  unchangeable  by  the  air.     Everj  wihttancr 

into  tlie  yat,  and  well  mixed  with  the  liquor,  which  has  a  great  affinity  for  oxygen,  when 

The  supernatant  Madeirarcoloured  liquid  is  digested  with  indigo,  deprives  it  of  the  blue 

run  off  after  repose,  and  the  subsided  blue  colour,  and  converts  it,  either  permanently  or 

.indigo  is  drained  on  cloth.     Next  morning  for  a  time,  to  a  yellow  or  greenish-yellow  hue* 

it  is  mixed  with  water  in  a  copper  and  boiled;  Thus,  if  into  the  sulphate  of  indigo  above 

after  which  tlie  whole  is  thrown  on  strainers,  described,  are  put  a  few  pieces  of  iron  or 

and  the  indigo  collected  is  dried  and  formed  zinc,  tlie  nascent  hydrogen  seizes  its  ozygn* 

into  cakes.— frip«/oyi.—Jtfiirna/  of  Science,  and  decolours  iL  Sulphuretted  hydrogen  acta 

;ixvii.  296.  on  indigo  at  common  temperatures ;  and  there 

Indigo  does  not  change  in  the  air.     It  is  results,  besides  indigo  at  the  minimum  of  oxi- 

insoluble  in  water  and  ether,  but  perceptibly  dation,  water,  and  probably  a  slight  depostte 

soluble  in  boiling  alcohol,  which  it  dyes  blue,  ^f  sulphur.    The  ezperimrat  should  be  made 

and  from  which  it  falls  down  in  a  great  mea-  in  a  close  vessel,  and  it  takes  two  or  thiee 

sure  on  cooling.     It  is  instantly  decomposed  days  for  its  completion.     Hydrosulphuret  of 

by  chlorine.     When  one  part  of  finely  tritu-  ammonia  has  the  same  effect.     Indigo  maj 

rated  indigo  is  mixed  with  9  or  10  parts  of  be  also  deoxidized  in  the  cold,  by  the  solu« 

concentrated  sulphuric  add,  a  solution  takes  tioo  of  protoxide  of  tin  in  potash ;  a  solution 

place,  and  in  a  few  hours,  if  the  temperature  procurable  (according  to  M.  Tlienard)  by 

be  about  lOO*  F.     The  indigo  is  possibly  pouring  liquor  of  potash  in  excess  on  the 

slightly  altered  in  this  process ;  for  though  protomuriate  of  tin.     The  protoxide 


its  colour  is  unchanged,  it  baa  acquired  the  to  the  state  of  deutoxide,  and  the  potash 

property  of  dissolving  in  several  menstrua  combines   with   the   disozygenized    indiga 

which  formerly  had  no  action  on  it,  and  it  is  When  indigo  is  deoxidized  by  orpiment,  it  is 

no  longer  susceptible  of  vaporii&tion.  better  to  promote  the  action  by  heat     Tht 

Nitric  acid  exercises  a  very  powerful  actiop  proportions  to  be  employed  are,  8  parts  ci 

on  indigo.     See  Acids  (Cabbazotic),  and  orpiment,  6  of  potash,  8  of  indigo,  and  100 

(Indigoic).  of  water.     Sulphite  and  araenite  of  potash 

Neither  liquid  muriatic  acid  nor  alkaline  are  undoubtedly  formed,  while  the  deoxidised 

solutions  exert  any  considerable  action  on  in-  indigo  combines  with  a  portion  of  alkali,  as 

digo.  in  the  otlier  cases  of  solution. 

M.  Chevreul  has  given  the  following  re-  Mr  Crum,  in  his  ingenious  paper  on  mf 

sulu  of  a  very  elaborate  analysis  of  Guatimala  digo,  (Annals  of  Philosophy  for  Feb.  1823), 

indigo,  says,  that  the  long  flat  needles  of  sublimed 

r  Ammonia,         -          12  indigo  split  readily,  when  bruised,  into  foup- 

B    water             <  ^^'yS^^**^  indigo,  sided  prisms.     Viewed  at  a  particular  angle, 

^          '             y  Green  matter,  they  have  the  most  brilliant  and  intense  oop- 

C.  Bitter  matter,  per  colour ;  but  when  lyinc  in  heaps,  they 

C  Green  matter,              dO  have  a  rich  chestnut-brown  oue.    The  sp.  gr. 

By  alcohol,          \  Red  matter,  of  sublimed  indigo  is  1.35. 

C  Indigo,  Another  process  practised  in  India  is  the 

Ti«  ^.trisHV  ariA  i  ^^  Hiattcr,         -          6  followlog  *. — As  soon  as  the  indigo  is  in 

uy  munanc  acio,  ^  Qg^wnate  of  lime,         2  flower,  and  has  already  some  fruit,  and  when 

Oxide  of  iron  and  alumina,  2  the  leaves  in  being  bruised  yield  some  juice^ 

Silica,                  -                  3  the  plant  is  cut  before  sun-rise  in  dry  wes- 

Pure  indigo,            -          45  ther,  because  rain  separates  small  portions 

— —  of  the  blue  colour,  and  a  fervid  sun  if 
100  equally  injurious.     £ach  cutting  is  imme- 
When  commercial  indigo  is  exposed  to  a  diately  carried  away,  and  dried  in  the  shade 
beat  of  about  400^  F.  it  rises  in  a  beautiful  with  a  free  circulation  x>f  air.     Dr  Heyoe 
crimson  smoke,  which  may  be  condensed  in  says,  that  with  the  fresh  leaves,  from  20  to 
crystalline  needles,  which  are  pure  indiga  24  hours  are  required  for  the  preparation  of 
The  blue  vat  of  the  dyer  contains  indigo  de-  indigo,  but  with  the  dried  leaves,  5  hours  are 
oxidized  by  protoxide  of  iron,  and  rendered  sufficient     Sloane  states,  that  in  some  parts 
soluble  in  its  yellow-green  state  by  lime  water,  of  India,  the  leaves  are  suflered  to  become 
If  a  portion  of  this  solution  be  exposed  to  hot  in  heaps.     On  the  Coromandei  coast,  the 
,  the  air  in  a  sluUlow  vessel,  the  indigo  will  leaves  are  allowed  to  dry,  and  then  put  into 
speedily  absorb  oxygen,  and  precipitate  in  its  casks  covered  with  mats  for  20  or  30  days  ; 
usual  state  of  an  insoluble  blue  powder.  This  after  which  they  are  infused  in  water,  as  we 
being  dried,  and  digested  in  a  mixture  of  have  already  described, 
alcohol  and  muriatic  acid,  becomes  also  pure  The  dry  plant  is  beat  in  order  to  loosen 
indigo  by  the  abstraction  of  all  the  resin  and  the  leaves  ft-om  the  stems,  and  they  are  after- 
lime,  wards  separated  by  fanners,  and  reduced  tp 
In  this  state  it  is  a  soft  powder,  of  an  in-  powder  by  a  cylinder  milL     This  powder  is 
tensely  deep  blue^  verging  on  purple.     It  is  preserved  in  close  vessels  to  prevent  access  of 
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dsmp;  the  finer  it  is,  the  better  is  the  in- 
digo. 

Id  making  the  dye-stuff,  the  powder  is 
thrown  into  the  Tat,  formed  of  brick-woric 
lined  with  plaster,  along  with  double  its 
bulk  of  water.  Half  an  hour  afterwards, 
some  lime  water  is  added ;  and  every  half- 
hour  the  whole  is  stirred  about  for  8  or  10 
minutes.  After  5  or  6  hours,  the  clear  liquor 
is  drawn  or  filtered  off,  and  the  residuum  is 
agitated  with  as  much  fresh  water  as  at  first 
It  is  then  stirred  about  without  adding  lime 
water ;  the  liquor  is  filtered  off,  and  the  same 
treatment  is  repeated  a  third  time;  after 
which,  the  leafy  matter  is  thrown  away  as 
useless.  During  these  infusions  a  fermen- 
tation  is  developed,  which  must  be  promoted 
by  external  heat ;  or  the  operations  are  car- 
ried on  in  hot  weather  exposed  to  the  sun. 
The  mixed  liquors  assume  a  dark  green  co- 
tour,  a  strong  smell,  become  covert  with  a 
violet  ftoth,  and  exhale  air  bubbles.  When 
this  fermentation  is  too  violent,  much  foreign 
vegetable  matter  is  dissolved ;  when  it  is  feeble, 
some  of  the  indigo  is  left :  in  this  case,  the 
liquor  is  brownish,  and  affords  little  indigo ; 
in  the  former,  it  is  slate^grey,  and  is  apt  to 
decompose.  The  liquid  in  the  vat  mean- 
while is  kept  in  continual  agitation  with 
buckets  or  paddles,  till  the  indigo  falls  down. 
This  point  is  ascertained  by  putting  a  little 
c»f  this  liquor  into  a  cup,  and  observing  if 
the  indigo  subsides  readily.  It  is  then  left 
to  settle,  and  the  supernatant  liquid  being 
ran  off,  the  blue  paste  is  worked  with  the 
hands  after  it  has  been  drained  to  a  certain 
degree.  It  is  afterwards  dried.  When  this 
is  done  too  quickly,  the  indigo  breaks  into 
small  bits;  and  if  too  slowly,  it  is  apt  to 
mould  and  become  black. 

If  the  beating  of  the  liquor  be  not  suffi- 
ciently powerful,  little  indigo  is  formed,^it 
is  in  large  grains,  of  a  less  beautiful  colour, 
verging  upon  green ;  but  if  the  beating  has 
been  excessive,  foreign  matters  combine  with 
the  indigo,  which  impair  its  quality,  and  give 
it  a  tendency  to  spoiL 

FVom  the  preceding  details  it  is  obvious, 
that  the  modes  of  extracting  indigo  from  the 
plant  are  very  various;  and  that  much  diver- 
sity of  opinion  prevails  among  the  manufac- 
tnrens  as  to  the  one  which  deserves  the  prefer- 
ence. See  Experiments  on  Indigo^  Brande*t 
Jitutnal,  xxviii.  265.  M.  Berxelius,  in  the 
article  Indigo  of  his  System  of  Chemistry, 
describes  this  drug  as  containing  four  dis- 
tinct principles  ;  but  supposes  it  may  ccmtain 
some  others  in  small  quantity.  The  four 
arc  1.  A  peculiar  substance,  which  has  a 
great  analogy  with  gluten ;  2.  A  brown  sub- 
stance ;  3,  A  red  substance ;  and,  4.  A  blue 
substance.  He  names  the  latter  three  bodies, 
the  brown,  red,  and  blue  of  indigo. 

1.  The  glutinout  subttance  qf  indigo  is  ob- 
tained by  digesting  finely  pulverised  indigo 


with  an  acid,  as  the  dilute  sulphuric,  satuiau 
ing  this  acid  solution  with  chalk,  filtering, 
and  evaporating  to  dryness.  Tlie  glutinous 
matter  remains,  and  m^y  be  taken  up  by  al- 
cohol. When  again  recovered  from  this  sol- 
vent, it  appears  under  the  form  of  a  yellow 
or  brownish-yellow  transparent  varnish.  It 
is  very  soluble  in  water,  whereby  it  dififera 
from  ordinary  gluten ;  has  a  taste  oi  osma- 
zoroe ;  melts  on  exposure  to  heat ;  bums  with 
flame,  and  deposits  white  ashes.  By  distil- 
lation it  affords  an  empyreumatic  oil,  and  a 
water  strongly  ammoniacaL 

8.  The  brown  of  indigo,  Hiis  constitutes 
a  larger  proportion  of  the  indigo  than  the 
preceding,  and  has  often  a  great  and  injuri- 
ous influence  in  dyeing  with  this  drug.  It 
exists  in  combination,  sometimes  with  lime 
and  sometimes  with  a  vegetable  add.  It  is 
obtained  by  pouring  on  indigo,  preriously 
treated  with  an  acid,  concentrated  solution 
of  potash,  and  applying  a  moderate  heat. 
The  mixture  blackens  a  littie,  and  the  mass 
swells  up  as  the  alkali  dissolves  tiie  indigo- 
brown.  The  solution  is  next  treated  with 
sulphuric  acid  in  excess,  and  the  indigo- 
brown  is  obtained  on  the  filter.  Its  black 
colour  proceeds  ftrom  the  indigo-blue  mixed 
with  it :  this  is  separated  from  it,  by  dissolv- 
ing the  residuum  (after  washing  it)  in  carbo- 
nate of  ammonia,  and  evaporating  to  dryness^ 
then  taking  up  the  residuum  with  a  small 
quantity  of  water,  and  filtering.  Tlius  the 
indigo-blue  remains  on  the  filter,  along  with 
a  sinall  portion  of  the  brown  matter.  It  is 
almost  impossible  to  obtain  the  indigo-brown 
in  a  state  of  purity :  it  has  hardly  any  taste, 
is  neither  add  nor  alkaline ;  when  heated  it 
swells  up,  exhales  an  empyreumatic  smell, 
bums  with  flame,  and  leaves  a  porous  ooaL 
Indigo-brown  Im»  a  great  affinity  for  adds^ 
with  which  it  forms  compounds  very  little 
soluble  in  water :  it  combines  equally  with 
alkalis ;  but  these  compounds  are  soluble  in 
water.  Tbe  property  of  not  being  predpi- 
tated  by  tannin,  bi-chloride  of  mercury,  and 
ferrocyanate  of  potash,  distinguishes  indigo- 
brown  from  albumen  and  gelatin,  and  con- 
stitutes it  a  peculiar  substence.  It  would 
appear  that  the  green  of  indigo  was  nothing 
else  than  this  substance,  which,  mixed  with 
alkali  and  indigo,  assumes  a  green  colour. 

3.  The  red  of  indigo.  This  is  obtained  by 
boiling,  in  alcohol,  indigo  preriously  treated 
with  an  acid,  and,  as  above  described,  an  al- 
kalL  This  principle  is  dissolved  with  great 
difficulty,  especially  if  the  alcohol  be  cold ; 
but  the  indigo  must  be  treated  with  repeated 
quantities  of  alcohol,  if  the  whole  red  prindple 
is  to  be  extracted.  Tbe  spirit  becomes  red  in 
proportion  as  it  dissolves  it :  towards  the  end 
of  the  operation  it  becomes  even  of  a  light 
blue ;  a  proof  that  it  then  contains  some  in- 
digo in  solution.  The  alcoholic  solutions  be- 
ing concentrated,  a  dark  red-coloured  liquid^ 
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is  obtained,  mixed  with  a  blackish-brown  pul-  ing  it.     Strong  sulphuric  acid  ii 

vernlent  substance,  which  falls  to  the  bottom,  dissolves  indigogen,  and  cooimunicatea  a  'verjr 

Tlie  red  may  be  then  procured  by  evaporating  deep  purple  colour  to  it. 
the  alcohol     It  is  insoluble  in  alkalis.     It         6.  Soluble  Indigo-blue. — The  solution  of 

sublimes  in  vacuo  at  an  elevated  temperature  one  part  of  indigo  in  six  parts  of  fiimiog 

in  the  form  of  crystals ;  some  of  which  are  sulphuric  acid,  colours  blue  500»000  times 

white  and  others  red.     These  combine  with  its  weight  of  water.     This  solution  coDaists» 

acids,  and  are  reddened  by  the  dilute  nitric.  1.  Of  a  combination  of  soluble  indigo>blue 

4.  Indigo^ue  remains  after  the  preceding  with  sulphuric  acid,  (add  caruleo^sulj^ufie 
operations.  But  it  is  not  yet  absolutely  pure,  of  Berzelius)  ;  2.  Of  a  combination  of  the 
It  must  be  rendered  soluble  by  the  action  of  same  principle  with  the  hyposulphuric  acid, 
protoxide  of  iron  from  the  protosulphat^  (add  caruleo-hyjwnUphuric) ;  3.  Of  a  com- 
mixed with  hydrate  of  lime,  in  the  usual  way.  bination  of  sulphuric  add  with  indigo-blue. 
When  the  supernatant  liquor  becomes  a  clear  modified  in  a  peculiar  manner,  which  Ber- 
yellow  solution  of  deoxidized  indigo,  it  is  zelius  calls  purple  of  indigo.  The  best  me- 
drawn  off  by  a  syphon,  and  exposed  to  the  thod  of  obtaining  these  difforent  compounds 
air,  when  it  is  converted  into  the  insoluble  insulated,  consists  in  diluting  the  solution 
blue  indigo;  a  little  dilute  muriatic  acid  being  which  contains  them,  with  from  dO  to  50 
mixed  with  the  liquid  to  abstract  the  calca-  times  its  bulk  of  water,  and  filtering.  What 
reous  matter.  remains  on  the  filter  is  the  purple  of  indigo. 

5.  Of  indigogen,  or  reduced  indigo,  1^  The  liquid  which  percolates  is  digested,  at  a 
parts  of  the  above  pure  indigo,  2  parts  of  moderate  degree  of  beat,  with  well  cleansed 
protosulphate  of  iron,  2^  parts  of  hydrate  wool,  to  which  the  two  oxides  gradually  at* 
of  lime,  «ith  from  50  to  60  of  water,  are  tach  themselves,  imparting  to  it  a  deep  blue 
digested  t<^^er  for  24  hours  in  a  close  colour.  This  wool,  thus  dyed,  is  washed 
vessel,  which  had  been  previously  filled  with  with  water  till  this  be  deprived  of  all  acidi- 
hydrogen  or  nitrogen.  The  clear  yellow  so-  ty ;  then  it  is  squeezed,  and  digested  in  water 
lution  of  deoxidized  indigo  is  then  to  be  se-  made  alkaline  with  a  little  subcarbonate  of 
parated  by  a  syphon  fiUed  with  hydrogen,  and  ammonia.  The  acids  abandon  the  woolly 
mixed  with  dilute  muriatic  acid  holding  in  fibres,  unite  with  the  ammonia,  and  the  liquid 
solution  a  little  sulphite  of  ammonia.  A  assumes  a  beautiful  dark  blue  colour.  This 
dense  white  precipitate  forms,  which  would  liquid  is  evaporated  to  dryness  at  a  temperm- 
become  blue  in  the  air.  This  must  be  col-  ture  of  140°  F.,  and  treated  with  alcohol, 
lected  on  a  filter  out  of  contact  of  air,  washed  which  dissolves  the  caruleo-hypontlphate  cf 
with  boiled  water,  impregnated  with  some  ammoniaf  without  acting  on  the  orrv/fo-sv/- 
sulphite  of  ammonia,  and  dried  at  212<*  in  phate  of  the  same  base.  The  ctBruleo-nd' 
vessels  through  which  hydrogen  gas  alone  is  pftwic  add  is  obtained  by  dissolving  the  last 
made  to  circulate.  Tbe  upper  surface  of  salt  in  water,  and  predpitating  it  with  acetate 
the  mass  becomes  blue,  but  the  lower  remains  of  lead  :  the  precipitate  is  then  decompoaed 
of  a  dull  white.  This  white  substance  is  in-  by  a  stream  of  sulphuretted  hydrogen  gas, 
digogen.  It  does  not  change  colour  in  diy  when  a  yellowish  liquor  is  procured,  conasU 
air,  but  under  water  it  becomes  of  a  deep  ing  of  sulphuric  add  combined  with  le- 
blue,  which  by  drying  assumes  the  coppery  duced  indigo.  TTiis  liquid  becomes  blue 
aspect  of  indigo.  Indigogen  dissolves  in  al-  during  the  filtration.  When  evaporated  at 
kalis  without  neutralising  them :  it  is  soluble  a  heat  of  120  F.  at  most,  it  deposits  a  solid 
also  in  alcohol,  but  not  in  water  or  adds.  mass  of  a  blackish-blue,  which  constitutes  tbe 

A  solution  of  it  in  ammonia,  exposed  to  atruleo- sulphuric  acid.      This  mass  attracts 

air,  was  found  to  absorb  oxygen,  so  as  to  moisture  from  the  air,  and  dissolves  in  wa- 

increase  in  weight  about   11^  per  cent —  ter,  imparting  to  it  a  fine  blue  colour.     It  ia 

JUebegt  Awu  de  Chim,  xxxv.  2i69.  also  soluble  in  alcohol.     It  has  a  peculiar 

Berzelius  washed  the  reduced  indigo  or  agreeal>le  smell,  and  an  addo-astringent  taste, 
indigogen  with  cold  water  deprived  of  air  llie  caruIeo-JtyponUphuric  add  is  obtained 
by  previous  boiling,  then  compressed  the  by  mixing  its  ammoniacal  solution  with 
white  deposite  between  the  folds  of  paper,  acetate  of  lead,  the  two  salts  bdng  previously 
and  dried  it  in  vacuo  over  sulphuric  add,  dissolved  in  alcohol.  The  predpitate  is  ex- 
whereby  it  recovered  the  white  hue  that  the  posed  to  the  action  of  sulphuretted  hydro- 
short  exposure  to  the  air  had  tarnished,  gen,  and  tbe  operation  is  then  completed  as 
With  alcohol  and  ether  it  forms  yellow  so-  fbr  the  above  add.  Tbe  mass  formed  by  the 
lutions ;  and,  in  fact,  indigo  may  be  reduced  cteruieo-hypoMulphuric  add  becomes  perfect- 
in  a  mixture  of  alcohol  and  sulphuric  add.  ly  dry  on  the  edges,  but  remains  humid  in 
M.  Cassola  states,  that  when  sulphuric  ether  the  centre.  In  other  respects,  its  phgdeal 
is  added  to  sulphate  of  indigo,  in  about  half  properties  resemble  those  of  the  other  add. 
an  hour,  at  the  temperature  of  100^  F.,  the  The  combination  of  these,  two  adds  with 
colour  of  the  indigo  totally  disappears,  and  soluble  indigo  bear  commonly  the  name  of 
no  substance  he  tried  was  capable  of  restor-  tu/phale  of  indict. 
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The.  salts  called  by  Benelius  ctsruteo-iul- 
phates  and  hyposulphates,  fbrm  a  series  of 
distinct  combinations,  and  are  fonned  by 
merely  saturating  the  acids  with  the  de- 
sired base.  The  (Mruleo-saltt  haye  a  taste 
of  indigo ;  their  properties  differ  according 
to  the  adds,  though  they  possess  in  general 
several  paints  of  resemblance.  Tbe  cartdeo' 
sulpkatett  with  an  alkaline  base,  are  in  a 
great  measure  precipitated  from  their  solu- 
tions by  the  simple  sulphate,  or  even  by  other 
salts,  and  they  are  hardly  soluble,  or  even 
insoluble,  in  alcohol  of  0.840.  Tbe  caendeo- 
hifposulphaUt  of  the  same  bases  are  not  pre- 
cipitable,  in  an  appreciable  degree,  by  the 
simple  salt,  or  by  other  salts,  and  are  soluble 
in  alcohol  of  0.840.  Tbe  former,  when  with 
an  earthy  or  fixed  alkaline  base,  are  not  fu- 
sible :  they  stand  a  liigh  degree  of  heat  with- 
out having  their  blue  principle  decomposed ; 
they  afford  water,  ammonia,  both  free,  as  also 
in  the  state  of  carbonate  and  cyanide,  some 
traces  of  volatile  oil,  and  lastly  carbonic  add, 
leaving  as  a  residuum  thdr  base  in  the  state 
of  sul)>huret.  The  caruieo-suiphale  of  am- 
monia melts  and  intumesces  like  borax.  Tbe 
caertUeo'kjfposulphates,  exposed  to  a  gentle 
beat,  disengage  sulphurous  add  gas,  without 
having  their  colouring  prindple  affected.  At 
a  higher  temperature  this  prindple  changes 
to  green ;  some  sulphite  of  ammonia  sut^ 
Itmes,  and  the  base  remains  as  a  sulphuret. 
These  two  genera  of  salts,  evaporated  to  dry- 
ness, occur  under  the  form  of  non-crystal- 
line masses,  which  possess  a  metallic  lustre 
superior  to  that  of  insoluble  indigo-btue. 

M.  Benelius  describes,  moreover,  an  in- 
digo-green  and  yeWm ;  but  they  seem  as  yet 
unimportant  modifications,  resulting  from 
chemical  action. 

The  indigo-purple  is  a  variety  of  soluble 
indigo^blue,  which  is  always  formed  when 
the  insoluble  blue  is  treated  with  concentrat- 
ed sulphuric  acid,  and  when  this  solution  is 
after  several  hours  diluted  with  40  times  its 
bulk  of  water.  This  body  seems  to  consist 
merely  in  an  intermediate  state  of  soluble 
blue,  in  its  transition  into  insoluble.  It  dis- 
appears most  frequently  when  the  influence 
of  the  add  is  too  much  prolonged,  or  when 
it  is  aided  by  beaL  TTiis  indigo-purple  was 
first  described  by  Mr  Crum,  under  tbe  name 
of  phcenicint  who  regards  it  as  a  compound, 
one  atom  of  indigo  with  two  atoms  of  wa- 
ter. 

When  to  the  dilute  sulphate  of  indigo, 
saturated  with  potash,  sal  ammoniac,  common 
salt,  sulphate  of  soda,  alum  or  alcohol  is  add- 
ed, a  blue  powder  falls,  the  cserulin  of  Mr 
Crum,  consisting,  according  to  him,  of  1* 
atom  of  indigo  and  4  of  water.  Tbe  above 
researches  of  Berzelius  must  render  this  ato- 
mic simplification  somewhat  suspidous. 

Hie  first  ultimate  analysis  of  indigo  was^ 
that  given  by  Dr. Thomson,,  in  the  Annals 


of  Philosophy,  according  to  whom  it  was 

composed  of  Oxygen,  46.154 

Carbon,  40.384 

Azote,  13.462 
Hydrogen, 

100.000 
Next  followed  my  analysis,  contained  in 
my  paper  **  on  the  Analysis  of  Vegetable  and 
Animal  Substances,"  in  tbe  Pliilosophical 
Transactions,  read  June  1822.  My  results 
were  as  follows : — 

Carbon,  71.37 

Oxygen,         1425 

Hydrogen,       4.38 

Azote,  10.00 


100.00 
Here  a  very  different  view  of  the  constitu- 
tion of  indigo  was  for  the  first  time  disclosed  ; 
but  as  my  friend  and  pupil,  Mr  Crum,  had 
signified  to  me,  at  that  period,  his  intention 
to  make  a  detailed  research  into  the  subject, 
I  abstained  from  those  multiplied  verifications 
which  I  would  otherwise  have  undertaken. 
The  indigo  on  which  I  operated  was  obtained 
by  predpitation  from  the  dyer*s  vat,  and  pu- 
rified  as  above  described.  From  subsequent- 
experiments  I  am  satisfied,  that  I  must  have 
left  a  little  of  the  indigo-red  and  brown  in  the 
spedmen,  in  consequence  of  using  defident. 
digestion  in  hot  alcohol. 
Mr  Crum*s  analysis  gave,  , 

Carbon,  7^22 

Oxygen,         12.60 

Azote,  1 1.26 

Hydrogen,       2.92 

100.00 
Since  then  indigo  has  been  analyzed  by- 
MM.  Royer  and  Dumas:  their  results  are- 
as follows,-— 

Cryi.        Precip.        Sublira. 

Cariwn,  7^26     74.81        71.71 

Oxygen,  10.43        7.88        12.18 

Azote,  lasi     ia98      ia45 

Hydrogen,        2.50        ^33  2.66 

100.00    100.00      100.00 

Sulphuric  add  rendered  smoking  by  a  little 
sulphurous  add,  is  a  better  solvent  of  indigo 
than  pure  oil  of  vitriol.  By  boiling  a  little 
sulphur  in  this,  its  solvent  power  is  improved.' 

When  indigo  is  mixed  with  liquid  fer- 
mentable materials,  it  is  speedily  deoxidized. 
'  INK.  Every  liquor  or  pigment  used  for 
writing  or  printing,  is  distinguished  by  the 
name  of  ink.  Common  practice  knows  only 
black  and  red. 

Of  black  ink  there  are  three  prindpal  . 
kinds :^1.   Indian  ink;   2.  Printer's  ink; 
and,  3.  Writing  ink. 

The  Indian  ink  is  used  in  China  for  writ- 
ing with  a  brush,  and  for  painting  upon  the^ 
softfiexible  paper  of  Chinese  manufiictur^^ 
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It  is  tisoertaiDed,'  as  well  from  experiment 
as  from  information,  that  the  cakes  of  this 
ink  are  made  of  lampblack  and  size,  or  ani- 
mal glue,  with  the  addition  of  perfumes  or 
other  substances  not  essential  to  its  quality 
as  an  ink.  •  The  fine  soot  from  the  flame  of 
a  lamp  or  candle,  received  by  holding  a  plate 
orer  it,  mixed  with  dean  stae  from  shreds 
of  parchment  or  glove-leather  not  dyed,  will 
make  an  ink  equal  to  that  imported. 
.  Good  printers*  iuk  is  a  black  paint,  smooth* 
and  uniform  in  its  compositioD,  of  a  firm 
black  colour,  and  possesses  a  singular  aptitude 
to  adhere  to  paper  thoroughly  impregnated 
with  moisture. 

The  consistence  and  tenacity  of  the  oil  in 
this  composition  are  greatly  increased,  and  its 
greasiness  diminished,  by  means  of  fire.  Lin^ 
seed  oil  or  nut  oil  is  made  choice  of  for  this 
use.  Hie  nut  oil  is  supposed  to  be  the  best, 
and  is  accordingly  preferred  for  the  black 
ink,  though  the  darker  colour  it  acquires 
from  the  fire  renders  it  less  fit  for  the  red. 
It  is  said  that  the  other  expressed  oils  can- 
not be  sufficiently  freed  from  their  unctuous 
quality. 

Ten  or  twelve  gallons  of  the  oil  are  set 
over  the  fire  in  an  iron  pot,  capable  of  hold- 
ing at  least  half  as  much  more ;  for  the  oil 
swells  up  greatly,  and  its  boiling  over  into 
the  fire  would  be  very  dangerous.  When  it 
boils  it  is  kept  stirring  with  an  iron  ladle ; 
and  if  it  do  not  itself  take  fire,  it  is  kindled 
with  a  piece  of  flaming  paper  or  wood ;  for 
simple  boiling,  without  the  actual  accension 
of  the  oil,  does  not  communicate  a  suflident 
degree  of  the  drying  quality  required.  The 
oil  is  suffered  to  bum  for  half  an  hour  or 
more,  and  the  flame  bdng  then  extinguished 
by*  covering  the  vessd  close,  the  boiling  is 
afterwards  continued  with  a  gentle  heat,  till 
the  oil  appears  of  a  proper  consistence ;  in 
which  state  it  is  called  varnish.  It  is  neces- 
sary to  have  two  kinds  of  this  varnish,  a 
thicker  and  a  thinner,  from  the  greater  or  less 
boiling,  to  be  occasionally  mixed  together  as 
different  purposes  may  require :  that  which 
answers  well  in  hot  weather  being  too  thick 
in  cold,  and  large  characters  not  requiring  so 
stiff  an  ink  as  small  ones. 
«  The  thickest  varnish,  when  cold,  may  be 
drawn  into  threads  like  weak  glue ;  by  which 
criterion  the  workmen  judge  of  the  due  boil- 
ing, small  quantities  bong  from  time  to  time 
taken  out  and  dropped  upon  a  tile  for  this 
purpose.  It  is  very  visdd  and  tenadous, 
like  the  soft  resinous  juices,  or  thick  turpen- 
tine. Neither  water  nor  alcohol  dissolve  it ; 
but  it  readily  enough  mingles  with  fresh  oil, 
and  unites  with  mudlages  into  a  mass  diffu- 
^ble  in  water  in  an  emulsive  form.  Boiling 
¥rith  caustic  alkali  produces  a  soapy  com- 
pound. It  is  by  washing  with  hot  soi^^-leys 
and  a  brush  that  the  printers  clean  their 
types.     Hio  oil  loses  from  one-tenth  to  one- 


dghth  of  its  weight  by  the  boiliBg  into  4e 
thick  varnish. 

It  is  aflirmed,  that  varnish  oootainiii^ 
either  turpentine  or  litharge^  paiticuiari  j  tlia 
latter,  is  more  adhesive  than  other  vamiabv 
and  presents  a  great  difliculty  in  cleaning  tfa» 
types,  which  soon  become  clogged.  Very 
old  oil  requires  ndther  of  dscae  additioBs. 
New  oil  can  hardly  be  brought  into  a  proper 
state  for  drying,  so  as  not  to  set  off^  without 
the  use  of  turpentine. 

Lampblack  is  the  common  material  to  gnm 
the  black  colour,  of  which  two  ounces  and* 
half  are  suflident  for  sixteen  ounces  of  the 
varnish.  Vermilion  is  a  good  red.  Tbey 
are  ground  together  on  a  stone  with  a  muUa^ 
in  the  same  manner  as  oil  paints. 

The  ink  used  by  copperplate  printers  di£* 
fers  in  the  oil,  which  is  not  so  much  boiled  as 
to  acquire  the  adhesive  quality.  This  would 
render  it  less  disposed  to  enter  the  cavities  of 
the  engraving,  and  more  difficult  dther  to  be 
spread  or  wiped  off.  The  black  is  likewiio 
of  a  different  kind.  Instead  of  lampbiadE* 
or  sublimed  charcoal,  the  FVankfort  bla^  ia 
used,  which  is  a  residual  or  denser  charcoal^ 
said  to  be  made  from  vin^-twigs.  Tbiaia 
softer  and  less  gritty  than  the  ivory  or  other 
blacks  prepared  among  us*  and,  no  doub^ 
contains  more  coal  than  any  animal  residue^ 
as  all  these  abound  with  phosphate  of  limcL 
It  is  said,  that  lampblack  gives  always  a 
degree  of  toughness  to  the  ink,  which  the 
Frankfort  blade  does  not ;  but  the  goodacsa 
of  the  colour  seems  to  be  the  leading  indiioe- 
ment  for  the  use  of  the  latter.  A  pale  or 
brown-black  can  be  much  more  easily  cd- 
dured  in  a  book,  than  in  the  impreadoa  of 
an  engraving. 

We  have  no  good  explanation  of  what 
happens  with  regard  to  the  chemical  effect  of 
boiling  and  burning  upon  the  oil  for  printen* 
use. 

Common  ink  for  writing  is  made  by  add* 
ing  an  infusion  or  decoction  of  the  nut-galL 
to  sulphate  of  iron  dissolved  in  vratcr.  A 
very  fine  black  precipitate  is  thrown  down^ 
the  speedy  subsidence  of  which  is  prevented 
by  tbe  addition  of  a  proper  quantity  of  guaa- 
arable.  This  is  usually  accounted  for  by  the 
superior  affinity  of  the  gallic  add,  which» 
combining  with  the  iron,  takes  it  from  the 
sulplmric,  and  falls  down.  But  it  appeaia 
as  if  this  were  not  the  simple  state  of  the 
facts ;  for  the  sulphuric  add  in  ink  is  not  so 
far  disengaged  as  to  act  speedily  npon  frerii 
iron,  or  give  other  manifesUtions  of  its  pr». 
sence  in  an  uncombined  state.  According  to 
Deyeux,  the  iron  in  ink  is  partly  in  the  stale 
of  a  gallate. 

M.  Ribaucourt  paid  particular  attentioBlo 
the  process  for  maldng  black  ink ;  and  from 
his  experiments  be  dravrs  the  following  infe-. 
rences  :-*That  logwood  is  a  useful  ingredient 
in  ink,  because  its  colouring  matter  ia  di^ 
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poied  to  uvitt  with  tbe  oxide  of  iron,  and 
renden  it  not  only  of  a  very  dark  colour,  but 
lem  capable  of  change  from  tbe  actioa  of 
■cida»  or  of  the  air.  Sulphate  of  copper,  in 
a  certain  proportion,  gives  depth  and  firra- 
neas  to  the  colour  of  the  ink.  Gum-arabic, 
or  any  other  pure  gum,  is  of  serrice,  by  re^ 
tarding  the  precipitation  of  the  feculA ;  by 
preventing  the  ink  from  spreading  or  sinking 
into  the  paper ;  and  by  affording  it  a  kind  of 
compact  varnish,  or  defence  from  the  air 
when  dry.  Sugar  appears  to  have  some  bad 
fiialitiea,  but  is  of  use  in  giving  a  d^ree  of 
fluidity  to  the  ink,  which  permits  the  dose  of 
gum  to  be  enlarged  beyond  what  the  ink 
would  bear  without  it  Water  is  the  best 
solvent. 

Lewis  had  supposed,  that  the  defects  of 
ink  arise  chiefly  from  a  want  of  colouring 
matter.  But  the  theory  grounded  on  the 
&ct  discovered  by  M.  Ribaucourt  requires, 
that  none  of  the  principles  should  be  in  ex- 


kept  in  a  bottle  uncorked  about  a  fortnight, 
shaking  it  twice  a^day,  after  which  it  may  be 
poured  from  the  dregs,  and  coriced  up  for 


It  is  doubtful  whether  the  principles  of  the 
galls  be  well  extracted  by  maceration ;  and 
it  is  certain,  that  inks  made  in  this  way  flow 
pale  from  the  pen,  and  are  not  of  so  deep  a 
black  as  those  wherein  strong  boiling  is  re^ 
purred  to. 

fVom  all  tbe  foregoing  considerations,  M. 
R.  gives  these  directions  for  the  composition 
of  good  ink:— 

Take  eight  ounces  of  Aleppo  galls  (in 
coarse  powder) ;  four  ounces  of  logwood  (in 
thin  chips) ;  four  ounces  of  sulphate  of  iron ; 
three  ounces  of  gum-arabic  (in  powder) ;  one 
ounce  of  sulphate  of  copper ;  and  one  ounce 
of  sugar-candy.  Boil  the  galls  and  logwood 
together  in  twelve  pounds  of  water  for  one 
hour,  or  till  half  the  liquid  has  evaporated. 
Strain  the  decoction  through  a  hair  sieve  or 
linen  cloth,  and  then  add  the  other  ingre- 
dieots.  Stir  the  mixture  till  the  whole  is 
dissolved,  more  especially  the  gum;  afler 
which,  leave  it  to  subside  for  twenty-four 
hours.  Then  decant  the  ink,  and  preserve 
it  in  bottles  of  glass  or  stone^ware^  well  cork- 
ed. 

Many  recommend,  that  the  sulphate  of  iron 
should  be  calcined  to  whiteness.  M.  Desor- 
meauz,  jun.  an  ink  manufacturer  in  Spital- 
flelds,  has  given  the  following  in  the  Philo- 
sophical Magazine,  as  the  result  of  much  ex- 
poience :— Boil  four  ounces  of  logwood  about 
an  hour  in  six  beer  quAts  of  water,  adding 
boiling  water  from  time  to  time ;  strain  while 
hot;  and,  when  cold,  add  water  enough  to 
make  the  liquor  five  quarts.  Into  this  put 
one  pound  avoirdupois  of  blue  galls  coarsely 
bruised ;  four  ounces  of  sulpluite  of  iron  cal- 
cined to  whiteness ;  three  ounces  of  coarse 
brown  sugar ;  six  ounces  of  gum-arabic ;  and 
j-  ounce  of  acetate  of  copper,  triturated  with 
a  little  of  the  decoction  to  a  paste,  and  then 
thoroughly  mixed  with  the  rest     Tins  is  to  be 


Dr  Lewis  uses  vinegar  for  his  menstruum ; 
and  M.  Ribaucourt  has  sulphate  of  copper 
among  hb  ingredients.  But  the  acid  of  the 
vinegar  acts  so  strongly  upon  the  pen,  that  it 
very  frequently  requires  mending;  and  the 
sulphate  of  copper  has  a  still  more  unplea- 
sant effect  on  the  penknife. 

If  a  little  sugar  be  added  to  ink,  a  copy  of 
the  writing  may  easily  be  taken  off,  by  laying 
a  sheet  of  thin  unsized  paper,  damped  with 
a  sponge^  on  the  written  paper,  and  passing 
lightly  over  it  a  flat  iron  very  moderately 
heated. 

Inks  of  other  colours  may  be  made  from  a 
strong  decoction  of  the  ingredients  used  in 
dyeings  mixed  with  a  little  alum  and  gum- 
arabic.  For  example, « a  strong  decoction  of 
Brazil  wood,  with  as  much  slum  as  it  can* 
dissolve^  and  a  little  gum,  forms  a  good  red- 
ink.  These  processes  consist  in  forming  a 
lake,  and  retarding  its  predpitatioi)  by  the 
gum.     See  Lake. 

On  many  occasions,  it  b  of  importance  to 
employ  an  ink  indestructible  by  any  process, 
that  will  not  equally  destroy  the  material  oa> 
which  it  is  applied.  Mr  Close  has  reoom« 
mended  for  this  purpose  25  grains  of  copal  in 
powder,  dissolved  in  200  grains  of  oil  of  la- 
vender by  the  assistance  of  genUe  heat,  and 
then  mixed  with  2^  grains  of  laropblackt 
and  half  a  grain  of  indigo;  or  120  grains  of 
oil  of  lavender,  17  grains  of  oopal,  and  SO- 
grains  of  vermilion.  A  little  oil  of  lavender, 
or  ci  turpentine,  may  be  added,  if  the  ink  be 
found  too  thick.  Mr  Sheldrake  suggests,  that 
a  mixture  of  genuine  aspbaltum  dusolved  in> 
oil  of  turpentine,  amber  varnish,  and  lamp- 
black, would  be  still  superior. 

When  writing  with  common  ink  has  been: 
effaced  by  means  of  aqueous  chlorine^  the 
vapour  of  sulphuretof  ammonia,  or  immersion: 
in  water  impregnated  with  this  sulphuret, 
will  tender  it  again  legible.  Or,  if  the 
paper  that  contained  the  writing  be  put  into 
a  weak  solution  of  pruisiate  of  potash,  and, 
when  it  is  thoroughly  wet,  a  littie  sulphuric 
acid  be  added  to  the  liquor,  so  as  to  render  it 
sligfaUy  acidulous,  the  same  purpose  will  be 
answered. 

M.  Haussman  has  given  some  composi- 
tions for  marking  pieces  of  cotton  or  linen, 
previous  to  their  being  bleached,  which  are 
capable  of  resisting  every  operation  in  the 
processes  both  of  bleaching  and  dyeing,  and 
consequently  might  be  employed  in  marking 
linen  for  domestic  purposes.  One  of  these 
consists  of  aspbaltum  dissolved  in  about  four 
parts  of  oil  of  turpentine,  and  with  this  is  to 
be  mixed  lampblack,  or  black  lead  in  fine 
powder,  so  as  to  make  an  ink  of  a  proper 
consistence  for  printing  with  types.    Anotlier, 
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the  Mackish  sulphate  left  after  expelling  oxy- 
gen gas  from  oxide  of  manganese  with  a  mo- 
derate heat,  being  dissolved  and  filtered,  the 
dark  grey  pasty  oxide  left  on  the  filter  is  to 
be  mixed  with  a  very  little  solution  of  gum- 
tragacanth,  and  the  cloth  marked  with  Uiis  is 
to  be  dipped  in  a  solution  of  potash  or  soda, 
mild  or  caustic,  in  about  ten  parts  of  water. 
Among  the  amusing  experiments  of  the  art 
of  chemistry,  the  exhibition  of  sympathetic 
inks  holds  a  distinguished  place.    With  these 
the  writing  is  invtable,  until  some  reagent 
gives  it  opacity.     We  shall  here  mention  a 
few,  out  of  the  great  number  that  a  slight 
acquaintance  with  chemistry  may  surest  to 
the  student     1.  If  a  weak  infusion  of  galls 
be  used,  the  writing  will  be  invisible  till  the 
paper  be  moistened  with  a  weak  solution  of 
sulphate  of  iron.     It  then  becomes  black,  be- 
cause these  ingredients  form  ink.    2.  If  paper 
be  soaked  in  a  weak  infusion  of  galls,  and 
dried,  a  pen  dipped  in  the  solution  of  sulphate 
of  iron  will  write  black  on  that  paper,  but 
colourless  on  any  other  paper.  3.  The  diluted 
solutions  of  gold  and  silver  remain  colourless 
upon  the  paper,  till  exposed  to  the  sun*s  light, 
which  gives  a  dark  colour  to  the  oxides,  and 
renders  them  visible.     4.  Most  of  the  acids, 
or  saline  solutions,  bang  diluted,  and  used  to 
virrite  with,  become  visible  by  heating  before 
the  fire,  whicli  concentrates  them,  and  assists 
tlieir  action  on  the  paper.     5.  Diluted  prus- 
siate  of  potash  affoids  blue  letters  when  wet- 
ted with  the  solution  of  sulphate  of  iron. 
6.  Tlie  solution  of  cobalt  in  aqua  regia,  when 
diluted,  affords  an  ink  which  becomes  green 
when  held  to  the  fire,  but  disappears  again 
when  suffered  to  cool.     TTiis  has  been  used 
in  fanciful  drawings  of  trees,  the  green  leaves 
of  which  appear  when  warm,  and  vanish  again 
by  cold.     If  the  heat  be  continued  too  long 
after  the  letters  appear,  it  renders  them  per- 
manent.    7.  If  oxide  of  cobalt  be  dissolved 
in  acetic  acid,  and  a  little  nitre  added,  the 
solution  will  exhibit  a  pale  rose  colour  when 
heated,  which  disappears  on  cooling.     8.  A 
solution  of  equal  parts  of  sulphate  of  copper 
and  muriate  of  ammonia,  gives  a  yellow  co- 
lour when  heated,  that  disappears  when  cold. 
Sympathetic  inks  have  been  proposed  as 
the  instruments  of  secret  correspondence: 
But  they  are  of  little  use  in  this  respect,  be- 
cause the  properties  change  by  a  few  days 
remaining  on  the  paper ;  most  of  them  have 
more  or  less  of  a  tinge  when  thoroughly  dry ; 
and  none  of  them  resist  the  test  of  heating 
the  paper  till  it  begins  to  be  scorched. 

Nitrate  of  silver  for  a  surface  impregnated 
with  carbonate  of  soda,  and  muriate  of  gold 
for  one  impregnated  with  protomuriate  of  tin, 
form  good  indelible  inks. 

INSECTS.  Various  important  products 
are  obtained  from  insects.  The  chief  are, 
1.  Cantharides;  2.  Millepedes;  3.  Cocliineal ; 
4.  Kermes;  5.  Lac;  6.  Silk;  7.  Wax. 


INSTRUMENTS  (CHIJMICALV 
Balance,  TtaEUfOMETEii,  Laboratoby. 

INTESTINAL  CONCRETIONS.  For 
a  description  of  such  of  these  as  occur  in  tbe 
inferior  animals,  see  Bezoab. 

I  shall  here  insert  an  account  of  a  very 
curious  concretion  extracted  from  the  rectum 
of  a  woman  in  Perthshire,  in  the  year  1817. 
She  is,  I  believe,  still  alive.  It  was  sent  to 
me  by  her  physician,  Dr  Kennedy  of  Don- 
ning. The  following  paper  was  written  at 
the  time,  and  an  abstract  published  in  a  Ixm- 
don  Medical  Journal,  in  the  autumn  of  the 
same  year. 

The  fonn  of  the  concretion  is  a  oompresMd 
cylinder;  the  length  and  larger  diameter, 
each  one  inch;  the  smaller  diameter,  three 
quarters  of  an  inch.  '  In  hardness  it  is  equal 
to  wax,  but  without  its  tenacity.  One  of  the 
ends,  which  is  polished  and  glistening,  exhi- 
bits the  appearance  of  concentric  lamin*, 
formed  of  circular  brown  lines,  in  a  ydkiw 
basis.  Its  sides  have  the  lustre  and  nwibled 
appearance  of  Castile  soap.  Tts  internal 
structure  is  granular,  approaching  to  crystal- 
line, with  radiations  from  the  centre  to  the 
circumference^  of  brown  and  bright  yellow 
lines,  possessed  of  pearly  lustre.  It  is  fria- 
ble between  the  fingers,  covering  them,  on 
pressure,  with  a  moily  powder  of  but  litde 
unctuosity. 

Its  weight  is  167.5  grains.  Specific  gra- 
vity of  the  mass  seems  at  first  inferior  to  that 
of  distilled  water ;  for  it  floats  on  it  for  a 
little,  but  it  afterwards  sinks  to  the  bottom. 
In  a  solution  of  muriate  of  soda,  sp.  gr. 
1.0135,  a  fragment  of  it  remains  suspended 
in  any  part  of  the  fluid.  Hiis,  tfaercfcore^  is 
its  specific  gravity. 

Its  odour  is  strong,  but  by  no  means  ^s> 
agreeable.  It  is  decidedly  musky,  or  more 
precisely  that  of  ambergris. 

Water  has  no  action  on  it,  nor  does  it 
affect  the  purple  of  litmus.  It  remains  solid 
.in  boifa'ng  water.  When  it  is  heated  to  the 
temperature  of  about  400^  F.,  it  fuses  into 
a  black  mass,  and  exhales  a  copious  white 
smoke,  in  the  odour  of  which  we  may  recog- 
nise that  of  ambergris,  mixed  with  the  smdl 
of  burning  fat.  Exposed  in  a  platina  cap- 
sule to  a  dull  red  heat,  it  bums  with  much 
flame  and  smoke,  leaving  no  appreciable 
residuum. 

It  dissolves  rapidlv  in  sulph.  ether,  form- 
ing an  amber-coloured  liquid.  When  the 
ether  evaporates  away,  white  glistening  scales 
of  a  micaceous  appearance  are  left. 

Ten  parts  of  hot  alcohol  dissolve  one  of  it ; 
but  as  the  alcohol  cools,  the  greater  part  pre- 
cipitetes  in  these  soft  crystalline  scales,  whOe 
the  surface  of  the  liquid  becomes  covered 
with  a  beautiful  iridescent  pellicle,  present- 
ing stellated  radiations. 

Naphtha,  the  fixed  and  volatile  oils,  readily 
act  upon  it,  forming  blight  ydlow  solutions. 
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Small  fragments  of  it,  exposed  on  a  sand  When  heated  in  water  to  the  temperature  of 

bath  for  two  days  in  a  gUus  capsule  con-  '130^)  it  falls  down  into  light  spongy  frag- 

.  taining  the  water  of  pure  potash,  were  not  tnents.     Hie  second  has  a  specific  gravity  of 

found  to  be  altered  in  their  siae  or  appear-  0.959;  it  is  darkish  brown  on  the  outside, 

ance.     Neither  does   liquid  ammonia,   di-  and  light  brown  within.     In  water  heated  to 

gested  on  it,  produce  the  slightest  effect   In  the  above  degree,  it  softens  into  a  yisdd  sub- 

tbcse  respects,  it  possesses  more  analogies  stance  like  treacle.     Both  are  readily  dis- 

with  ambergris  than  with  any  other  sub-  solved  in  warm  alcohol,  but  the  latter  jrields 

stance  I  know.    I  was  hence  led  to  imagine,  the  richer  golden-coloured  solution.     As  the 

that  the  white  smoke  which  it  exhales  at  a  alcohol  cools,  a  separation  of  brilliant  scales 

-moderate  heat  was  benzoic  add,  which  this  is  perceived.    With  ether,  naphtha,  the  fixed 

substance  is  said  copiously  to  contain.  and  volatile  oils,  the  phenomena  exhibited 

An  alcoholic  solution  of  the  concretion  was  by   ambergris  are  absolutely  the  same  as 

therefore  added  to  water  of  ammonia;  when  a  those  presented  by  the  concretion  with  these 

milky  liquid  was  produced  by  the  separation  solvents.      The    alcoholic    solution    mixed 

of  the  substance  in  a  finely  divided  state,  with  liquid  ammonia  gives  a  similar  milky 

This  mixture  was  evaporated  to  dryness  by  a  emulsion. 

gentle  heat,  in  order  to  get  rid  of  tlie  alcohol  The  lighter  specimen  of  ambergris,  expos- 
and  uncombined  ammonia.  Warm  water  was  ed  to  a  gentle  heat  over  a  lamp,  in  a  glass 
then  digested  on  the  residuum,  and  the  whole  tube  sealed  at  one  end,  fuses,  and  evolves  a 
poured  on  a  filter.  The  liquid  which  passed  volatile  oil  in  dense  vapour,  which  is  con- 
through  should  have  contained  bensoate  of  am-  densed  on  the  upper  part  of  the  tube.  A 
monia,  provided  any  benzoic  add  existed  in  -visdd  substance  like  tar  remains  at  the  bot- 
the  concretion.  It  was  divided  into  two  por-  tom.  The  oil  resembles  the  succinic,  and 
tions.  Into  one  of  these  a  few  drops  of  dilute  has,  like  it,  a  disagreeable  empyreumatic 
sulphuric  acid  were  poured,  and  the  addulous  odour.  The  denser  ambergris,  being  sub- 
fluid  was  then  concentrated  by  evaporation  in  jected  to  heat  in  like  circumstances,  fuses  less 
a  glass  capsule ;  but  on  cooHog,  it  afforded  readily  and  completely,  emits  the  same  vola^ 
no  traces  of  benzoic  add.  An  extiemely  mi-  tile  empyreumatic  oil,  accompanied  with  crys- 
nute  quantity  of  benzoate  of  ammonia,  treat-  talline  needles  decidedly  acidulous.  These 
ed  in  the  same  way  for  comparison,  gave  the  are  dther  the  benzoic  or  succinic  add. 
characteristic  crystals  of  that  acid.  Hie  other  They  predpitate  peroxide  of  iron  from  the 
portion  was  added  to  a  neutral  solution  of  red  neutral  red  muriate.  The  smell  of  the  accom^ 
muriate  of  iron,  but  no  predpitate  ensued,  panying  oil  is  certainly  that  of  amber;  but  I 
A  very  small  particle  of  crystallized  benzoate  have  hitherto  obtained  too  small  quantities 
of  ammonia  being  added  to  the  same  muriate,  of  the  acid,  to  be  able  to  determine  to  which 
speedily  gave  the  brown  predpitate,  but  pro-  of  the  two  it  belongs.  The  following  expe- 
duced  no  change  whatever  on  solutions,  per-  riments  were  made  with  this  view.  My  first 
fectly  neutral,  of  the  green  muriate  and  sul-  object  was  to  discover  a  good  criterion  for 
phate ;  a  fact  of  consequence  to  show  the  discriminating  benzoic  from  sucdnic  add. 
state  of  oxidizement  in  which  uron  exists  in  In  operating  necessarily  on  small  quantities, 
a  mineral  or  saline  combination,  indicating  the  distinction  becomes  peculiarly  difiiculL 
also  an  easy  method  of  separating  the  two  Both  are  volatile,  crystallizable,  and  fall 
oxides  of  this  metal.  From  the  above  expe-  down  with  peroxide  of  iron,  from  saline  so- 
riments  we  may  infer,  with  much  probabili-  lotions  of  this  metal.  After  many  trials  I 
ty,  that  the  concretion  contains  no  benzoic  finally  fell  on  the  following  plan,  which  an- 
arid.  swers  very  well,  even  with  pretty  minute 

Nitric  add,  sp.  gravity  L300,  digested  on  portions.  I  saturated  each  acid  with  ammo- 
it  at  a  gentle  heat,  and  then  cooled,  convert-  nia,  evaporated  to  a  dry  crystalline  mass  by  a 
ed  the  substance  into  bright  yellow  globules,  gentle  heat  Into  a  small  glass  tube,  sealed 
denser  and  less  friable  than  the  original  at  one  end,  I  introduced  a  portion  of  the 
matter,  and  somewhat  semitransparent,  like  benzoate.  The  tube  was  recurved.  I  ex- 
impure  rosin.  There  was,  however,  no  true  posed  the  bottom,  where  the  salt  was  placed, 
solution  by  the  add;  nor  was  the  combusti-  to  the  heat  of  a  lamp,  but  very  cautiously, 
bility  in  the  least  impaired  by  the  operation.  Pungent  ammoniacal  gas  was  exhaled,  and 

As  our  Institution  possesses  spedmens  of  the  water  of  crystallization  that  distilled  over 

very  fragrant  ambergris,  said  to  have  been  was  found  strongly  impregnated  with  am- 

imported  in  the  genuine  sUte  from  Persia,  I  monia.     To  avoid  all  fallacy  in  this  result,  I 

vras  desirous  to  compare  their  chemical  rela-  slightly  supersaturated  the  ammonia  before- 

tions  vrith  those  of  this  morbid  concretion,  hand  with  the  acid.     In  the  middle  of  the 

Two  of  the  pieces  of  ambergris  differ  in  many  tube  pure  benzoic  add  was  found,  in  aacular 

raspecti  from  one  another.     The  first  is  of  a  crystals.     The  succinate  of  ammonia,  on  the 

light  grey  colour,  with  resinous  looking  points  contrary,  sublimes  without  decomposition, 
interspersed  through  it,  and  has  a  density         I  now  took  a  few  grains  of  tlie  dense  am- 

considerably  greater  than  water.    It  is  1 .  200.  bergris,  digested  with  alcohol,  added  water  of 
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tfmnuMiifl,  boiled,  filtered,  and  evaposBled  tH 
drjrneH*  "Hie  quantity  of  saline  matter  ob- 
tained was,  however,  too  minute,  even  for 
the  above  mode  of  applying  an  analytical  cri- 
terion with  satisfaction ;  and  being  unwilling 
to  consume  more  than  a  few  grains  of  a  spe- 
cimen belonging  to  a  public  establishment,  I 
preferred  waiting  till  some  future  opportunity 
might  occur  of  examining  genuine  ambergris. 
Fiom  the  lighter,  and  by  its  outward  ap- 
pearance, more  characteristic  specimen  of 
ambergris,  I  could  not  obtain  even  a  trace  of 
benzoic  add,  though  I  modified  the  tempera- 
ture for  sublimation,  and  other  circumstances, 
in  every  way  I  could  think  of.  The  oil  that 
rose  would  not  redden  the  most  delicate  lit- 
mus paper. 

In  open  capsules,  fragments  of  the  amber- 
gris, being  exposed  to  a  pretty  strong  heat, 
exhaled  the  copious  subfetid  smok^  and  af> 
terwards  burned  with  the  yellow  flame  ex- 
hibited by  the  concretion.  Fragments  of  the 
concretions,  exposed  to  heat  in  a  glass  tube^ 
fuaed,  evolved  the  heavy  smoke,  which  con- 
densed into  a  viscid  empyreumatic  smelling 
oil,  and  in  every  respect  comported  itself  like 
the  light  ambergris. 

I  therefore  must  infer  it  to  be  a  modifica- 
tion of  ambergris.  It  differs  decidedly  from 
the  adipocere  of  dead  bodies,  which  forms  an 
cmulsirai  with  cold  water,  is  fusible  in  boil- 
ing water,  gives  a  soap  with  evolution  of  am- 
monia when  treated  with  potash,  and  yields 
a  clear  solution,  when  gently  heated,  with 
liquid  ammonia.  It  resembles,  however,  in 
many  respects,  the  cholesterine  of  biliary  caL 
culi ;  and  I  have  no  doubt  that  cholesterine 
from  altered  bile  is  the  true  origin  of  am- 
bergris in  the  whale^  as  well  as  of  this  mocbid 
concretion. 

Hie  concretion  is  almost  wholly  soluble  in 
hot  alcohol ;  while  only  one-third  of  adipo- 
cere dissolves  in  that  menstruum  at  the  boil- 
ing point. 

From  ordinary  fatty  matter  it  is  entirely 
distinguishable,  by  its  solubility  in  ether  and 
alcohol,  its  refusing  to  combine  with  alkalis, 
and  the  high  temperature  required  for  its 
fusion. 

With  regard  to  their  place  of  fonnation  in 
the  animal  system,  ambergris  and  this  mor- 
bid concretion  agree.  T^ey  are  both  gene- 
rated in  the  rectum,  or  greater  intestines. 
The  phyuter  viacrocephalta  of  Linnaeus,  is 
the  species  of  whale  whidi  affords  ambergris. 
In  the  examination  of  Captain  Coffin  before 
the  Privy-Coundl  in  1791,  he  stated,  that 
he  found  362  ounces  of  ambergris  in  the 
intestines  of  a  female  whale^  struck  off  the 
ooast  of  Guinea ;  part  of  it  was  voided  from 
the  rectum  on  cutting  up  the  blubber,  and 
dra  remainder  was  within  the  intestinal  canal. 
The  whales  that  contain  ambergris  are 
"  to  be  always  lean  and  sickly,  yield 
hut  very  littie  oil,  and  seem  almost  torpid. 


Hence,  when  a  spermaceti  ivfaale  has  this 
appearance,  and  does  not  emit  feces  on  be- 
ing harpooned,  the  fishers  generally  expect  to 
find  ambergris  within  it.  Whether  it  be  the 
cause  or  the  effect  of  disease  is  problcmatieal, 
though  the  latter  seems  the  more  ratioDal 
conjecture.  It  may  in  succession  be  both. 
The  above  remarkable  fact  of  the  sex  of  the 
whale  may  lead  to  an  inquiry,  whether  tUs 
mortiid  production,  found  also  in  the  bmMBi 
subject,  be  peculiar  to  females,  and  oonnect- 
ed  with  lactation. 

In  the  second  volume  of  Dr  Monro's  Out- 
lines of  the  Anatomy  of  the  Human  Body  in 
its  sound  and  diseased  state,  we  have  the  ana- 
lysu  of  several  alvine  concretions  by  Dr  Tho- 
mas Thomson.  Hie  results  obtained  by  this 
eminent  chemist  show,  that  the  spedmens 
which  he  examined  were  of  a  totally  diflferent 
nature  from  the  preceding  concretion. 

INULIN.  In  examining  Uie  Inula  Hel- 
lenium,  or  Elecampane^  Mr  Rose  imagined 
he  discovered  a  new  vegetable  product,  to 
which  the  name  of  Inulin  has  been  given.  It 
is  white  and  pulverulent  like  starch.  When 
thrown  on  red-hot  coals,  it  melts,  diffusing 
a  white  smoke,  with  the  smell  of  burning 
sugar.  It  yields,  on  distillation  in  a  retort, 
all  the  products  famished  by  gum.  It  dis- 
solves readily  in  hot  water,  and  predpitates 
almost  entirely  on  cooling,  in  the  form  of  a 
white  powder ;  but,  before  falling  down,  it 
gives  the  liquid  a  mudlaginous  oonsistcnee. 
It  predpitates  quickly  on  the  addition  of  al- 
coboL 

The  above  substance  is  obtained  by  boiling 
the  root  of  this  plant  in  four  times  its  weight 
of  water,  and  leering  the  liquid  in  repoaew 
MM.  Pelletier  and  Qiventou  have  found  the 
same  starch-like  matter  in  abundance  in  the 
root  of  colchicum ;  and  M.  Gautier  in  the  root 
of  pellitory.  Starch  and  inulin  combine; 
and  when  the  fonner  is  in  excess,  it  la  difii- 
cult  to  separate  them.  The  only  method  is 
to  pour  infusion  of  galls  into  the  decoction, 
and  then  to  heat  the  liquid :  if  inulin  be  pr»> 
sent,  a  predpitate  will  fall,  which  does  not 
disappear  till  the  temperature  rises  to  up- 
wards of  212^^  Fahr.,  while,  if  only  starch  be 
present,  it  will  redissolve  at  122^  Fahr. 

IODINE.  A  peculiar  or  undecompottod- 
ed  principle.  The  investigation  of  this  sin- 
gular substance  will  always  be  regarded  as  a 
great  era  in  chemistry.  It  was  then  that 
chemical  philosophers  first  felt  the  nccesdty 
of  abandoning  Lavoisier's  partial  and  incor- 
rect hypothesis  of  oxygenation,  and  of  em- 
bracing the  sound  and  comprehensive  doc- 
trines of  Sir  H.  Davy  on  chemical  theory, 
first  promulgated  in  his  masterly  researches 
on  Chlorine* 

Iodine  was  acddentally  discovered  in  1812 
by  M.  de  Courtois,  a  manufacturer  of  salt- 
petre at  Paris.  In  his  processes  for  procur- 
ing soda  from  the  ashes  of  sea-wccds,  he 
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iMind  the  metallic  irtaeU  much  coiroded ;  FUcus  rubenst  Fucus 

and  in  seaFclnng  for  the  cause  of  the  corro-  nodosus,  UlTa.  umbiiicalis, 

fliooy  lie  made  this  important  diacoverj.    But  serratus»  pavonia, 

for  tbis  circumstance,  nearly  accidental,  one  siliquoaus,  linza,  and  in 

of  the  most  curious  of  substances  might  have  sponge, 

temained  for  ages  unknown,  since  nature  has         Dr  Fyfe  has  shown,  in  an  ingenious  pa* 

not  distributed  it,  in  either  a  simple  or  com-  per  published  in  the  first  volume  of  the  Edin* 

pound  state,  through  her  different  kingdoms,  Phil.  Journal,  that  on  adding  sulphuric  add 


but  has  scored  it  up  to  what  the  Roman  sa-  to  a  concentrated  viscid  infusion  of  thesa 

tiristconsiderB  as  the  most  worthless  of  things,  algss  in  hot  water,  the  vapour  of  iodine  is 

the  vile  sea-weed.  exhaled. 

Iodine  derived  its  first  illustration  from         M.  Angelina,  on  using  starch  as  a  reagent 

MM.  Clement  and  Desormes,  names  associ-  vrith  the  mineral  water  of  Sales  in  Piedmont, 

ated  always  with  sound  research.     In  their  found  a  blue  colour  produced  in  the  water, 

memoir,  read  at  a  meeting  of  the  Institute,  indicating  iodine ;  and  be  afterwards  succeed- 

these  able  chemists  described  its  principal  pro-  ed  in  procuring  iodina  from  the  water.    It  is 

perties.     They  stated  its  sp.  gr.  to  be  about  remarkable,  that  for  a  long  time  that  water 

4 ;  that  it  becomes  a  violetFColoured  gas  at  a  has  been  administered  successfully  in  scrofu- 

temperature  below  that  of  boiling  water;  lous  cases,  and  in  cases  of  the  goitre.— -/(ntrft. 

whence  its  name,  *I»titit9  tike  a  vioUtt  was  de-  dei  Mines,  viii.  293. 

rived ;  that  it  combines  with  the  metals,  and         M.  Cantu  of  Turin  found  iodine  in  the 

with  phospliorus  and  sulphur,  and  likewise  sulphureous  mineral  waters  of  Castelnuovo 

with  the  alkalis  and  metallic  oxides ;  that  it  d' Asti.     He  thinks  that  iodine  exists  in  all 

ibnns  a  detonating  compound  with  ammonia ;  the  mineral  waters  that  contain  chloridea. 

that  it  is  soluble  in  alcohol,  and  still  more  Yet  the  sulphureous  mineral  water  of  Echailp 

aolttble  in  ether ;  and  that  by  its  action  upon  Ion  in  Savoy,  that  yields  l-12th  its  weight  of 

phosphorus,  and  upon  hydrogen,  a  substance  common  salt,  contains  no. iodine.— -^/m.  de 

having  the  characters  of  muriatic  acid  is  form-  CKtm.  xxviii.  221. 

ed«     In  this  communication  they  ofiered  no         M.  Balard  gives  the  following  as  ^e  best 

decided  opinion  respecting  its  nature.  means  of  testing  for  iodine.     After  mixing 

In  1813  Sir  H.  Davy  happened  to  be  on  a  the  liquid  containing  iodine  with  the  starch 
Tislt  to  Paris,  receiving,  amid  the  political  and  sulphuric  acid,  a  small  quantity  of  aque^ 
convulsions  of  France,  the  tranquil  homage  ous  solution  of  chlorine  is  to  be  added,  which 
due  to  his  genius.  *'  When  M.  Clement  from  its  lightness  may  be  kept  floating  on  the 
showed  iodine  to  me,  he  believed  that  the  by-  surface.  At  the  place  where  the  two  liquids 
driodic  acid  was  muriatic  add;  and  M.Gay  touch,  a  blue  zone  will  be  percdved,  which, 
XfUssac,  after  his  early  experiments,  made  however  feeble  it  may  be,  is  readily  seen  by 
originally  with  M.  Clement,  formed  the  same  contrast  with  the  adjoining  colourless  liquids, 
opinion,  and  morntotrafd  it,  when  I^rtf  stated  The  colour  disappean  on  agitation,  if  the 
.to  him  my  bdief  that  it  was  a  new  and  pe-  chlorine  be  in  excess.  By  means  of  this  test 
euUar  add,  and  that  iodine  was  a  substance  M.  Balard  has  found  iodine  in  various  ma- 
analogous  in  its  chemical  relations  to  chlo-  rine  molluscs^,  testaceous  or  not,  such  as  the 
fine."  Sir  H.  Davy  on  the  Annlogiet  between  doris,  venust  oytten,  ^c,  in  many  polypi  and 
tke  undecompounded  tubUcmcei ;  Journal  of  marine  vegetables,  die  gorgoniOf  the  xotier 
Science  and  the  Artt,  vol.  i.  p.  284.  marina^  ^c^  and  especially  in  the  mother 

We  see  therefore  with  what  intuitive  saga-  waters  of  the  salt  pans  supplied  from  the  Me- 
dty  the  English  philosopher  penetrated  the  diterranean.  The  iodine  of  sea-water  is  in 
mystery  which  bung  at  first  over  iodine.  Its  the  form  of  hydriodate. 
full  examination,  in  its  multiplied  relations  Nitrate  of  silver  throws  down,  from  a  so- 
to  simple  and  compound  bodies,  was  imme-  lution  containing  a  hydriodate,  iodide  of  siU 
diately  entered  on  with  equal  aidour  by  him  ver,  insoluble  in  ammonia.  Paper  sprinkled 
and  M.  Gay  Lussac.  Of  the  relative  merits  vrith  starch,  suspended  over  an  iodine  liquor 
of  the  researches,  and  importance  of  the  re-  acidulated  with  nitric  add,  indicates  one- 
suits,  of  these  pre-eminent  chemists,  it  is  not  millionth  part  of  iodine, 
for  me  to  become  an  arbiter.  I  shall  content  But  tlie  most  extraordinary  fiict  concerning 
myself  with  offering  a  methodical  view  of  the  the  sources  of  iodine  is  that  lately  discovered 
facts  brought  to  light  on  iodine  and  the  by  M.Vauquelin,  of  its  existence  in  a  mine- 
iodides,  referring  for  its  other  combinations  ral  brought  by  M.  Tabary  from  the  neigh- 
to  what  I  have  already  stated  on  the  hydrio-  bourhood  of  Mexico,  which  was  labelled  vtr- 
die  and  iodic  acids.  gin  iiiver  in  serpentine.  When  this  substance 

Iodine  has  been  found  in  the  following  was  treated  with  nitric  acid,  boiled  for  some 

sea-weeds,  the  algse  aquaticae  of  Linna&us ;—  time,  and  then  diluted,  two  insoluble  portions 

Sucus  cartilagineus,        Fucus  palmatus,  appeared ;   one  very  heavy  and  falling  in- 

membranaceus,  filum,  atantly,  which,  when  digested  in  hot  muriatic 

filamentosus,  digiutus,  add,  evolved  the  violet  vapour  of  iodine.  The 
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add  mixture  diluted  had  the  power  of  tinge- 
ing  starch  of  Ihe  usual  purpU  blue.  100 
parts  of  the  aboTe  mineral  aJBorded  18.5  of 
iodine.  Pump  wells  and  springs  in  the 
neighbourhood  of  waste  soap-works,  where 
kelp  has  been  long  accumulated,  are  neces- 
sarily impregnated  with  iodine,  which  may 
in  such  cases  be  detected  by  M.  Balard's  pro- 
cess.— Anri'  de  Chitn.  xxiz.  99. 

But  it  is  from  the  incinerated  sea-weed  or 
kelp,  that  iodine  in  quantities  is  to  be  obtain- 
ed. Dr  Wollaston  first  communicated  a 
precise  formula  for  extractmg  it.  Dissoke 
the  soluble  part  of  kelp  in  water.  Concen- 
trate the  liquid  by  evaporation,  and  separate 
all  the  crystals  that  can  be  obtained.  Pour 
the  remaining  liquid  into  a  clean  vessel,  and 
mix  with  it  an  excess  of  sulphuric  add.  Boil 
this  liquid  for  some  time.  Sulphur  is  pred- 
pitated,  and  muriatic  add  driven  off.  De- 
cant off  the  clear  liquid,  and  strain  it  through 
wool.  Put  it  into  a  small  flask,  and  mix  it 
with  as  much  black  oxide  of  manganese  as  we 
•used  before  of  sulphuric  add.  Apply  to  the 
top  of  the  flask  a  glass  tube,  shut  at  one  end. 
Then  heat  the  mixture  in  the  flask.  The 
iodine  sublimes  into  the  glass  tube.  None 
can  be  obtained  from  sea-water. 

In  repeating  this  process  with  caire,  I  ob- 
tained from  similar  quantities  of  kelp  such 
variable  products  of  iodine,  that  I  was  in- 
duced to  institute  a  series  of  experiments,  in 
I8l4s  for  discovering  the  causes  of  tliese  ano- 
malies, and  for  procuring  iodine  at  an  easier 
rate.  Hie  result,  which  was  successful,  I 
communicated  to  the  world  in  the  50th  vo- 
lume of  the  Philosophical  Magazine.  In- 
stead of  procuring  this  interesting  element  in 
only  a  few  grains,  I  have  been  able  to  extract 
ounces  at  a  time,  and  at  a  moderate  expense. 
I  shall  here  transcribe  the  outlines  of  my 
method. 

As  several  of  the  Scotch  soap  manufactu- 
rers use  scarcely  any  other  alkaUne  matter  for 
their  hard  soaps  except  kelp,  it  occurred  to 
roe,  that  in  some  of  their  residuums  a  sub- 
stance might  be  found  rich  in  iodine.  Ac- 
cordingly, after  some  investigation,  I  found 
a  brown  liquid,  of  an  oily  consistence,  from 
which  I  expected  to  procure  what  I  wanted  ; 
and  I  therefore  instituted  a  series  of  experi- 
ments on  the  best  mode  of  extraction. 
-  The  spedfic  gravity  of  this  liquid,  as  ob- 
tained at  different  times,  is  pretty  uniformly 
1.374i.  It  converts  vegetable  blues  to  green, 
thus  indicating  free  alkali.  Of  this  the  ma- 
nufacturer is  aware,  for  he  returns  the  liquid 
occasionally  into  his  kelp  leys.  Its  boiling 
point  is  233°  Fahr.  Eight  ounces  apotheca- 
ries* measure  require  precisely  one  measured 
ounce  of  sulphuric  add  for  their  neutralisa- 
tion. Supposing  this  quandty  of  acid  com- 
bined witli  soda,  it  would  indicate  one  part  of 
pore  soda  in  eleven  by  weight  of  the  liquid. 
'But  the  chief  part  of  the  alkali  is  not  unconb* 


bined ;  for  an  immeofle  qoantiCy  of  snlpliu- 
rous  add,  and  a  little  sulphuretted  hydrogen 
gases,  escape  during  the  affusion  of  the  sul- 
phuric add. 

**  100  grains  of  the  liquid  yield  aS  cubic 
inches  of  gas,  chiefly  sulphurous  arid,  and 
sulphur  is  at  the  same  time  deposited.  From 
this  last  drcumstance  one  would  expect  a 
greater  proportion  of  sulphuretted  hydrogen  ; 
but  the  disengaged  gas  possesses  the  peculiar 
smell  and  pungency  of  burning  sulphnr, 
blanches  the  petals  of  the  red  rose,  but  shows 
scarcely  any  action  on  paper  dipped  in  satur- 
nine solutions.  On  the  instant  of  decompo- 
sition of  the  sulphite  and  hydroguretted  sul- 
phuret  of  soda  existing  in  the  liquid,  the  nas- 
cent  sulphurous  add  of  the  former  may  be 
supposed  to  decompose  the  nascent  sulphu- 
retted hydrogen  of  the  latter ;  tbdr  atoms  of 
oxygen  and  hydrogen  uniting^  with  predpi- 
tation  of  the  sulphur.  I  can  in  no  other  way 
account  for  the  very  copious  separation  of 
sulphur,  while  very  little  sulphuretted  by- 
dr(^gen  appears."  I  now  find  the  liquid  to 
contsin  hyposulphite  of  soda. 

From  8  liquid  ounces,  ^  II  by  wdgfat, 
213  grains  of  sulphur  are  obtsined.  The  sa- 
turated liquid  has  a  spedfic  gravity  of  1.443^ 
a  bright  yellow  colour,  and  does  not  change 
the  purple  colour  of  infusion  of  red  cabbi^ei 

Having  described  the  substance  which  I 
used,  I  ^all  now  state,  in  a  few  words,  the 
best  method  of  taking  the  iodine  out  of  it  :-^ 

"  The  brown  iodic  liquid  of  the  soap-boiler 
was  heated  to  about  230°  F.,  poured  into  a 
large  stone-ware  basin,  of  which  it  filled  about 
one-half,  and  saturated  by  the  addition  of  the 
suitable  quantity  of  sulphuric  add  as  above 
stated.  It  is  advantageous  to  dilute  the  add 
previously,  with  its  own  bulk  of  water.*  On 
cooling  the  mixture,  a  large  quantity  of  saline 
cr3rstals  is  found  adhering  to  the  sides  and 
bottom  of  the  vessel.  These  are  chiefly  sul- 
phate of  soda,  vrith  a  very  little  sulphate  of 
potash,  and  a  few  beautiful  oblong  rlion»- 
boidal  plates  of  hydriodate  of  soda.  Sulphur 
is  mixed  with  these  crystals. 

**  filter  the  above  cold  liquid  through 
woollen  cloth.  To  every  12  oc  apothecaries* 
measure^  add  1000  gr^ns  of  bhck  oxide  of 
manganese  in  powder.  Put  this  mixture  into 
a  gUtts  globes  or  large  matrass  with  a  wide 
neck,  over  which  a  glaas  globe  b  inverted, 
and  apply  heat  with  a  charroal  chauffer.  The 
less  diffusive  flame  of  a  lamp  is  apt  to  crack 
the  bottom  of  the  matrass,  particulariy  if  a 
large  quantity  of  materials  be  employed.  To 
prevent  the  heat  from  acting  on  the  globular 
recdver,  a  thin  disc  of  wood,  having  a  round 
hole  in  its  centre,  is  placed  over  the  shoulder 
of  the  matrass. 


•  ^^ben  concentrated  acid  ii  added,  the  efikrvcs. 
cencc  is  very  violent;  the  liquid  rcddCQs  wherever 
the  acid  falls,  and  a  little  purple  va|)our  of  iodine 
risey; 
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'  **  Iodine  now  suUimes  very  copiously,  and  I  hftve  described  a  new  fonn  of  apparatus 

is  readily  condensed  in  the  upper  vesseL  As  for  sublimatimi  in  the  aboye  paper,  by  which 

soon  as  this  becomes  warm,  another  is  to  be  beautiful  crystals  may  easily  be  procured^ 

put  in  its  place ;  and  thus  the  two  may  be  without  risk  of  injuring  their  form. 

iq>plied  in  rotation,  as  long  as  the  violet  va-  M.   Soubeiran  extracts  iodine  from  the 

pour  rises.  mother  liquors  of  the  soda-works,  by  adding 

"  From  the  above  quantity  of  liquid,  by  solution  of  sulphate  of  copper  till  predpita- 

this  treatment,  I  obtain  from  80  to  100  grains  tion  ceases.  Iron  turnings  are  then  immersed 

of  iodine,  perfectly  pure.     It  is  withdrawn  in  the  liquid  till  all  smell  of  iodine  has  dis- 

from  the  globes  most  conveniently  by  a  little  appeared.     The  precipitate  is  to  be  mixed 

water,  which  dissolves  iodine  very  sparingly,  with  peroxide  of  manganese  and  sulphuric 

as  is  well  known.     It  may  be  purified  by  a  add,  and  distilled,  with  manganese  alone,  at 

second  sublimation.  a  high  temperature.    In  either  case  iodine  is 

<*  If  the  manganese  be  increased  much  be-  obtained.  Berselius  recommends  to  dissolve 
yond  the  above  proportion,  the  product  of  one  part  of  sulphate  of  copper  with  two  and 
iodine  is  greatly  decreased.  If  thrice  the  a  quarter  of  sulphate  of  iron  in  water,  and  to 
quantity  be  used,  for  example,  a  furious  effer-  pour  this  solution  into  the  kelp  mother  water 
vescenoe  takes  place,  nearly  the  whole  mix-  till  predpitation  ceases.  A  protiodide  of  cop- 
ture  is  thrown  out  of  the  matrass  with  a  kiiui  per  falls,  which  is  nearly  white.  It  is  the 
of  explosive  violence,  and  hardly  any  iodine  conversion  of  the  protosulphate  of  iron  into 
is  procured,  even  though  the  materials  should  the  persulphate,  which  determines  the  com- 
be saved  by  the  relatively  large  capadty  of  plete  precipitation  of  the  iodine.  The  iodide 
the  vessel  that  contains  them.  If,  on  the  being  carefully  dried,  is  to  be  mixed  with  its 
other  hand,  one-half  of  the  prescribed  quan-  own  weight  of  peroxide  of  manganese,  and 
tity  of  manganese  be  used,  much  hydriodic  distilled  by  a  strong  heat  in  a  retort  There 
add  rises  along  vrith  the  iodine,  and  washes  remains  in  the  retort  a  misture  of  the  two 
it  perpetually  down  the  sides  of  the  balloon,  oxides. 

Or  if,  during  the  proper  and  successful  sub-  Iodine  is  a  solid,  of  a  greyish-black  colour 

limadon  of  iodine,  the  weight  of  manganese  and  metallic  lustre.     It  is  often  in  scales 

be  doubled,  the  violet  vapours  instantly  cease,  similar  to  those  of  micaceous  iron  ore^  some^ 

Nor  will  zinc  filings,  sugar  or  starch,  restore  times  in  rhomboidal  plates,  very  large  and 

to  the  mixture  the  power  of  exhaling  the  very  brilliant.    It  has  been  obtained  in  elon- 

iodine.  gated  octohedrons,  nearly  half  an  inch  in 

"  The  same  interruption  of  the  process  is  length ;  the  axes  of  which  were  shown  by  Dr 
occasioned  by  using  an  excess  of  sulphuric  Wollaston  to  be  to  each  other  as  the  num- 
add.  For,  iT  to  the  mixture  of  12  os.  of  bers  2,  3,  and  4^  at  least  so  nearly,  that  in  a 
saturated  liquid,  with  1000  or  1100  grains  body  so  volatile  it  Is  scarcely  possible  to  de- 
manganese,  an  additional  half  ounce  measure  tect  an  error  in  this  estimate  by  the  reflective 
of  sulphuric  acid  be  poured  in,  the  violet  goniometer.  Its  fracture  is  lamellated,  and 
vapour  disappears,  and  the  sublimation  of  it  is  soft  and  friable  to  the  touch.  Its  taste 
iodine  is  at  an  end.  Quicklime  now  added,  is  very  acrid,  though  it  be  very  sparingly 
so  as  to  saturate  the  excess  of  acid,  will  not  soluble  in  water.  It  is  a  deadly  pois<n).  It 
restore  the  production  of  iodine.  gives  a  deep  brown  stain  to  the  skin,  which 

<*  The  best  subliming  temperature  is  232^ F.  soon  vanishes  by  evaporation.  In  odour,  and 

«  Iodine,  in  open  vessels,  readily  evapo-  power  of  destroying  vegetable  colours,  it  re- 
rates  at  much  lower  tempentureai,  even  at  the  sembles  very  dilute  aqueous  chlorine.  The 
usual  atmospheric  heats.  When  it  is  spread  sp.  gr.  of  iodine  at  62^°  is  4.948.  It  dis- 
thin  on  a  plate  of  glass,  if  the  eye  be  phiced  solves  in  7000  parts  of  water.  The  solution 
in  the  same  plane,  the  violet  vapour  becomes  is  of  an  orange-yellow  colour,  and  in  small 
very  obvious  at  the  temperature  of  100°  F.  quantity  tinges  raw  starch  of  a  purple  hue. 
If  left  in  the  open  air,  it  will  speedily  eva-  It  melts,  according  to  M.  Gay  Lussac,  at 
porate  altogether  away,  even  at  50^  or  60^.  227^  F.,  and  is  volatilised  under  the  com- 
"When  kept  in  a  phial  stopped  with  a  com-  mon  pressure  of  the  atmosphere  at  the  tem* 
mon  cork,  the  iodine  also  disappears,  while  perature  of  35(P.  By  my  experiments,  it 
the  cork  will  become  friable  in  its  texture^  evaporates  pretty  quickly  at  ordinary  temper 
and  of  a  brownish-yellow  colour.  ratures.     Boiling  water  aids  its  sublimation, 

«<  240  grains  of  nitric  acid,  spedfic  gravity  as  is  shown  in  the  above  procesa  of  extrac- 

1.490,  saturate  1000  grains  of  the  brown  tion.     The  sp.  gr.  of  its  violet  vapour  is 

liquid.     Sulphurous  add  is  abundantly  ex-  8.678.     It  is  a  non-conductor  of  dectridty. 

haled  as  before.     After  filtration,  a  bright  When  the  voltaic  chain  is  interrupted  by  a 

golden-coloured  liquid  is  obtained.   On  add-  small  fragment  of  it,  the  decomposition  of 

ing  to  this  liquid  a  little  manganese,  iodine  vrater  instantly  ceases, 

sublimes ;  but  the  quantity  procurable  in  this  Iodine  is  incombustible,  but  with  asote  it 

way  seems  to  be  proportionally  less  than  by  forms  a  curious  detonating  compound ;  and 

the  sulphuric  add.'*  in  combining  with  several  bodies,  the  inten- 
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«ty  of  mutual  octioii  is  luch  as  to  product  M.  Gay  Lutnc  tayi,  «  Sutphaite  of  poCidi 
the  phenomeDaof  combustion.  Its  combi-  was  not  altered  by  iodine;  but  what  may 
nations  with  oxygen  and  chlorine  have  been  appear  astonishing,  I  dbtained  oxysen  with 
already  described  under  Iodic  and  Chloriodic  the  fluate  of  potash,  and  the  glass  tube  in 
Acids.  which  the  operation  was  conducted  was  oor- 

With  a  view  of  determining  whether  it  was  roded.  On  examining  the  circumstances  of 
m  simple  or  compound  form  of  matter,  Sir  the  experiment,  I  ascertained  that  the  iuate 
H.  Davy  exposed  it  to  the  action  of  the  high-  became  alkaline  when  melted  in  a  platinum 
ly  inflammable  metals.  When  its  vapour  is  crucible,  lliis  happened  to  the  fluate  over 
passed  over  potassium  heated  in  a  glass  tube,  which  I  passed  iodine.  It  appears  then  that 
inflammation  takes  place,  and  the  potassium  the  iodine  acts  upon  the  excess  of  alkali,  and 
bums  slowly  with  a  pale  blue  light     There     decomposes  it.     The  heat  produced  disen- 

was  no  gas  disengaged  when  the  experiment  gages  a  new  portion  of  fluoric  add  or  its 

was  repeated  in  a  mercurial  apparatus.    Tlie  radical,  which  corrodes  the  glass ;  and  thus 

iodide  of  potassium  is  white,  fusible  at  a  red  by  degrees  the  fluate  is  entirely  decomposed.** 
beat,  and  soluble  in  water.  It  has  a  peculiar  These  facts  seem  to  give  countenance  to  the 
acrid  taste.  When  acted  on  by  sulphuric  opinion,  that  the  fluoric  is  an  oxygen  add ; 
add,  it  effervesces,  and  iodine  appears.     It     and  that  the  salt  called  fluate  of  potash  is 

IS  evident  that  in  this  experiment  there  had  not  a  fluoride  of  potassium.  See  Aero 
been  no  decomposition,  the  result  depending     (Fluoric). 

merely  on  the  combination  of  iodine  with  po-         Iodine  forms  with  sulphur  a  feeble  com- 

taasium.     By  passing  the  vapour  of  iodine  pound,  of  a  greyish-black  colour,  radiated 

over  dry  red-hot  potash,  formed  from  potas-  like  sulphuret  of  antimony.    When  it  is  dis-> 

aimn,  oxygen  is  expelled,  and  the  above  iodide  tilled  with  water,  iodine  separates, 
results.     Hence  we  see,  that  at  the  tempera-         Iodine  and  phosphorus  combine  with  grert 

ture  of  ignition,  the  aflinity  between  iodine  rapidity  at  common  temperatures,  produdng 

and  potassium  is  superior  to  that  of  the  latter  heat  without  light     From  the  presence  of  • 

for  oxygen.     But  iodine  in  its  turn  is  dis-  little  moisture,  small  quantities  of  hydriodic 

placed  by  chlorine  at  a  moderate  heat,  and  add  gas  are  exhaled, 
if  the  latter  be  in  excess,  chloriodic  acid  is         Oxygen  expels  iodine  from  both  sulphnr 

formed.     M.  Gay  Lussac  passed  vapour  of  and  phosphorus. 

iodine  in  a  red  heat  over  melted  subcarbo-         "  Hydrogen,  whether  dry  or  moist,  did 

nate  of  potash ;  and  he  obtained  carbonic  not  seem,"  says  M.  Gay  Lussac,  **  to  have 

add  and  oxygen  gases,  in  the  proportions  of  any  action  on  iodine  at  the  ordinary  tempe- 

two  in  volume  of  the  first  and  one  of  the  se-  rature ;  but  if,  as  was  done  by  M.  Clement 

coad,  precisely  those  which  exist  in  the  salt  in  an  experiment  at  which  I  was  present,  wo 

The  oxide  of  sodium,  and  the  subcarbo-  expose  a  mixture  of  hydrogen  and  iodine  to 
nate  of  soda,  are  also  completely  decomposed  a  red  heat  in  a  tube,  they  unite  together,  and 
by  iodine.  From  these  experiments  it  would  hydriodic  add  is  produced,  which  gives  a  red- 
seem,  that  this  substance  ought  to  disengage  disb-brown  colour  to  water.'*  Sir  H.  Davy, 
oxygen  from  most  of  the  oxides ;  but  this  with  his  characteristic  ingenuity,  threw  the 
happens  only  in  a  small  number  of  cases,  videl^coloured  gas  upon  the  flame  of  hydro- 
Tbe  protoxides  of  lead  and  bismuth  are  the  gen,  when  it  seemed  to  support  its  combas- 
only  oxides,  not  redudble  by  mere  heat,  with  tion.  He  also  formed  a  con^iound  of  iodine 
which  it  exhibited  that  power.  Baryta,  stnm-  with  hydrogen,  by  heating  to  redness  the 
tis,  and  lime,  combine  with  iodine,  without  two  bodies  in  a  glass  tube.  See  Acm  (Hy- 
giving  out  oxygen  gas ;  and  the  oxides  of  DRiODic). 

tine  and  iron  undergo  no  alteration  in  this         Charcoal  has  no  action  upon  iodine,  dtfaer 

respect   From  these  facts  we  must  conclude,  at  a  high  or  low  temperature,  but  two  iodides 

that  the  decomposition  of  the  oxides  by  iodine  of  carbon  may  be  indirectly  formed.     Wbenr 

depends  less  on  the  condensed  state  of  the  alcoholic  solutions  of  iodine  and  soda  are 

oxygen  than  upon  the  aflinity  of  the  metal  mixed,  a  precipitate  immediately  falls,  which 

for  iodine.  Except  baryta,  strontia,  and  lime,  M.  MitscherUch  has  shown  to  be  an  iodide 

no  oxide  can  remain  in  combination  with  of  carix>n.     When   the  two  solutions   are 

iodine  at  a  red  heat     For  a  more  particular  mixed,  the  iodine  combines  with  the  sodium, 

account  of  some  iodides,  see  Acid  (  Hydrio-  and  the  oxygen  set  free  unites  to  the  hydfo> 

Die) ;  the  compounds  of  which,  in  the  liquid  gen  of  the  alcohol  to  form  water;  while  the 

or  mdst  state,  are  hydriodates,  but  change,  carbon  of  the  alccAol  (this  bdng  considered 

on  drying,  into  iodides,  in  the  same  way  as  a  compound  of  water  and  olefiant  gas,  see 

the  muriates  become  chlorides.  Alcohol)  combines  with  another  portion  of 

From  the  proportion  of  the  constituents  in  the  iodine  to  produce  the  iodide  of  carbon, 
hydriodic  acid,  15.5  has  been  deduced  as  the         This  iodide,  distilled  with  corrosive  subli- 

prime  equivalent  of  iodine.   Berzelius  makes  mate,  yields  a  liquid,  which  is  also  a  cook 

it  78a  145 ;  the  double  of  which,  15.78290,  pound  of  carbon  and  iodine.    Thus,  we  now 

OQoesponds  to  our  numbers.  know  two  combinations  of  iodine  and  car- 
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bon;  and  one  of  iodine  with  carbureCted 
hydrogen,  (see  lequel  of  Chlobide  of  Cab^ 
ion),  which  is  distinguished  from  the  other 
two  by  its  chemical  properties  and  its  crys- 
taltine  form. 

.  The  composition  of  the  iodides  of  carbon 
is  aa  follows:— 


Protiodide. 
Iodine^      1  at  0.995S8 
Carbon,     I       0.00462 


PcriOQidc. 
Sat  2.96564 
2       0.00924 
MiischeHkh. 

Several  of  the  common  metals,  on  the  con- 
trary, aa  line,  iron,  tin,  mercury,  attack  it 
readily,  even  at  a  low  temperature,  provided 
they  be  in  a  divided  state.  Though  these  com- 
binations take  place  rapidly,  they  produce  but 
little  heat,  and  but  rarely  any  light 

Cyanide  of  iodine  is  prepared,  according 
to  M.  Serullas,  by  mixing  two  parts  of  cya- 
nide of  mercury  with  one  of  iodine,  and  heat- 
ing them  slightly  at  first  till  the  cyanide  be- 
gins to  form ;  then,  leaving  the  materials  to 
leaet  by  themselves  without  heat,  the  cyanide 
appears  in  snow-white  floccuU.  Boruret  of 
iron  may  be  formed  by  transmitting  hydro- 
gen over  borate  of  iron,  ignited  in  a  porce- 
bun  tube.  It  acts  slightly  on  the  magnette 
needle,  and  consists  of  77.4S  iron  -|-  22.57 
boron.  • 

The  compound  of  iodine  and  sine,  or  iodide 
of  zinc,  is  white.  It  melts  readily,  and  is 
sublimed  in  the  state  of  fine  acicular  four- 
sided  prisms.  It  is  very  soluble  in  water, 
and  rapidly  ddiquesces  in  the  air.  It  di^ 
solves  in  water,  without  the  evdution  of  any 
gas.  The  solution  is  slightly  acid,  and  does 
not  crystallise.  The  alkalis  precipitate  firom 
it  white  oxide  of  sine ;  while  concentrated 
sulphuric  add  disengages  hydriodic  acid  and 
iodine,  because  sulphurous  add  is  produced. 
Hie  solution  is  a  bydriodate  of  oxide  of  sine. 
When  iodine  and  sine  are  made  to  act  on 
each  other  under  water  in  vessels  hermeti- 
cally sealed,  on  the  application  of  a  slight 
heat  the  water  assumes  a  deep  reddish-brown 
colour,  because,  as  soon  as  hydriodic  add  is 
produced,  it  dissolves  iodine  in  abundance. 
But  by  degrees  the  sine,  supposed  to  be  in 
excess,  combines  with  the  whole  iodine,  and 
the  solution  becomes  colourless  like  water. 

Iron  is  acted  on  by  iodine  in  the  same  way 
aa  sine ;  and  a  brown  iodide  results,  which  is 
ftisible  at  a  red  heat  It  dissolves  in  water, 
forming  a  light  green  solution,  like  that  of 
muriate  of  iron.  When  the  dry  iodide  was 
heated,  by  Sir  H.  Davy,  in  a  small  retort 
containing  pure  ammoniacal  gas,  it  oombii^ 
ad  with  die  ammonia,  and  formed  a  com- 
pound which  volatilixed  without  leaving  any 
oxide. 

.  The  iodide  of  tin  is  very  fusible.  When 
in  powder,  its  colour  is  a  dirty  orange-yel- 
low, not  unlike  that  of  glass  of  antimony. 
When  put  into  a  considerable  quantity  of 
water,  ii  is  completely  decomposed.  Hydrio- 


dic add  is  formed,  which  remains  In  solution 
in  the  water,  and  the  oxide  of  tin  predpitatea 
in  white  flocculi.  If  the  quantity  of  water 
be  small,  the  add,  being  more  concentrated, 
retains  a  portion  of  oxide  of  tin,  and  forma 
a  silky  orange-ooloured  salt,  which  may  be 
almost  entirely  decomposed  by  water.  Io- 
dine and  tin  act  very  well  on  each  other,  in 
water  of  the  temperature  of  212^.  By  em- 
ploying an  excess  of  tin,  we  may  obtain 
pure  hydriodic  add,  or  at  least  an  add  con- 
taining only  traces  of  the  metaL  The  tin 
must  be  in  considerable  quantity,  because 
the  oxide,  which  predpitates  on  its  surface^ 
diminishes  v^ry  much  its  action  on  iodine. 

Antimony  presents,  with  iodine,  the  same 
phenomena  as  tin ;  so  that  we  might  employ 
dtber  for  the  preparation  of  hydriodic  add, 
if  we  were  not  acquainted  with  preferablo 
metliods. 

The  iodides  of  lead,  copper,  bismuth,  sil- 
ver, and  mercury,  are  insoluble  in  water, 
while  the  iodides  of  the  very  oxidisable  me- 
tals are  soluble  in  that  liquid.  If  we  mix 
a  bydriodate  with  the  metallic  solutions,  all 
the  metals  which  do  not  decompose  water 
will  give  predpitates,  while  those  which  d^ 
compose  that  liquid  will  give  none.  TUn 
is  at  least  the  case  with  the  above-mentioned 
metals. 

There  are  two  iodides  of  mercury ;  the  ona 
yellow,  the  other  red :  both  are  fusible  and 
volatile.  The  ydlow  or  protiodide,  containa 
one^half  less  iodine  than  tiie  deutiodide.  The 
latter,  when  crystallised,  is  a  briglit  crimson. 
In  general  there  ought  to  be  for  each  metal 
aa  many  iodides  as  there  are  oxides  and 
chlorides.  All  the  iodides  are  decomposed 
by  concentrated  sulphuric  and  nitric  add& 
"Die  metal  is  converted  into  an  oxide,  and 
iodine  is  disengaged.  They  are  likewise  de- 
composed by  oxygen  at  a  red  heat,  if  -wa 
except  the  iodides  of  potassium,  sodium,  lead, 
and  bismuth.  Chlorine  likevrise  separatee 
iodine  from  all  the  iodides;  but  iodine,  on 
the  other  hand,  decomposes  most  of  the  sttk 
phurets  and  phosphureta. 

M.  Del  Rio  is  of  opinion  that  he.has  dis- 
covered a  native  iodide  of  mercury  in  Sontk 
Amenca. 

When  iodine  and  oxides  act  upon  each 
other  in  contact  with  water,  very  difierenft 
results  take  place  from  those  above  describN- 
ed.    The  water  is  decomposed ;  its  hydrogen 
unites  with  iodine,  to  form  hydriodic  acid ; 
while  its  oxygen,  on  the  other  hand,  pro- 
duces with  iodine,  iodic  add.   All  the  oxides, 
however,  do  not  give  the  same  results     We 
obtain  them  only  with  potash,  soda,  baryta,- 
strontia,  lime,  and  magnesia.     Ihe  oxide  <^ 
dnc,  precipitated  by  ammonia  from  its  solu- 
tion in  sulphuric  add,  and  well  washed,  gives, 
no  trace  of  iodate  and  bydriodate^ 

We  shall  treat  of  the  compound  of  iodine 
and  aiote  under  the  article  NmOGSK. 
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Vrom  mil  the  above  recited  facts,  we  are 
wanwited  in  concluding  iodine  to  be  an  unr 
decompounded  body.  In  its  speciBc  gravity, 
lustre,  and  magnitude  of  its  prime  equiva- 
lent, it  resembles  the  metals ;  but  in  all  its 
chemical  agencies,  it  is  analogous  to  oxygen 
and  chlorine.  It  is  a  non-conductor  of  elec- 
tricity, and  possesses,  like  these  two  bodies, 
the  n^^ative  electrical  energy  with  regard  to 
metals,  inflammable  and  alkaline  substances; 
and  hence,  when  combined  with  these  sub- 
stances in  aqueous  solution,  and  electrized 
in  the  voltaic  circuit,  it  separates  at  the  posi- 
tive surface.  But  it  has  a  positive  energy 
with  respect  to  chlorine ;  for  when  united  to 
chlorine,  in  the  chloriodic  acid,  it  separates 
at  the  negative  surface.  This  likewise  cor- 
responds with  their  relative  attractive  energy, 
since  chlorine  expels  iodine  from  all  its  com- 
binations. Iodine  dissolves  in  carburet  of 
sulphur,  giving,  in  very  minute  quantities, 
a  fine  amethystine  tint  to  the  liquid. 

Iodide  of  mercury  has  been  proposed  for  a 
pigment.  M.  Orfila  swallowed  6  grains  of 
iodine;  and  was  immediately  affected  with 
heat,  constriction  of  the  throat,  nausea,  eruc- 
tation, salivation,  and  cardialgia.  In  ten 
minutes  he  had  copious  bilious  vomitings, 
and  slight  colic  pains.  His  pulse  rose  from 
70  to  about  90  beats  in  the  minute.  By 
swallowing  large  quantities  of  mucilage,  and 
emollient  clysters,  he  recovered,  and  felt  no- 
thing next  day  but  slight  fatigue.  About 
70  or  80  grains  proved  a  fatal  dose  to  dogs. 
They  usually  died  on  the  fourth  or  fifth  day. 
Dr  Coindet  of  Geneva  has  recommended 
the  use  of  iodine  in  the  form  of  tincture,  and 
also  hydriodate  of  potash  or  soda,  as  an  effi- 
cacious remedy  for  the  cure  of  glandular 
swellings  of  the  goitrous  and  scrofulous 
kind.  I  have  found  an  ointment  composed 
of  1  OS.  hog*s  lard,  and  1  drachm  of  iodide 
of  sine,  a  powerful  external  application  in 
such  cases.  About  a  drachm  of  this  oint- 
ment should  be  used  in  frictioa  on  the  swell- 
ing once  or  twice  a-day. 

lOLITE.  Frismato-rhomboidal  quartz 
of  Mohs.  Colour  intermediate  between  vio- 
1elr4>lue  and  blackish-blue.  When  viewed  in 
the  direction  of  the  axis  of  the  crystals,  the 
colour  is  dark  indigo-blue ;  but  perpendicular 
to  the  axis  of  the  crystals,  pale  brownish- 
yellow.  Massive,  disseminated,  rarely  crys- 
tallized in  six-sided  prisms.  Lustre  vitre- 
ous ;  fracture  small  grained,  uneven ;  refracts 
double;  8p.gr.  2.5  to  2.6;  easily  frangible. 
Its  constituents  are^  silica  43.6,  alumina  37.6, 
magnesia  9.7,  potash  1,  oxide  of  iron  4.5, 
oxide  of  nuinganese  a  trace.— (7m«/m.  It 
occurs  in  primitive  rocks  at  Orijarvi,  near 
Abo  in  Finland.  It  is  cut  and  polished  finr 
a  gem.-— Jiimefon. 

IPECACUAN.     See  Emehn. 
IRIDIUM.    Mr  Tennant,  on  examining 
'the  black  powder  led  after  dissolving  platina,- 


which  from  its  appearanoe  had  been  sappofr- 
ed  to  consist  chiefly  of  plumbago,  found  it 
contained  two  distinct  metals,  never  before 
noticed,  which  he  has  named  iridium  and 
osmium.  The  former  of  these  was  observ- 
ed  soon  after  by  Descostilsy  and  by  Vau- 
quelin. 

To  analyze  the  black  powder,  Mr  Ten- 
nant put  it  into  a  silver  crucible,  with  a  large 
proportion  of  pure  dry  soda,  and  kept  it  in 
a  red  heat  for  some  time.  The  alkali  being 
then  dissolved  in  water,  it  had  acquired  a 
deep  orange  or  brownish-yellow  colour,  but 
much  of  the  powder  remained  undissolved. 
Tliis  digested  in  muriatic  acid  gave  a  dark 
blue  solution,  which  afterwards  became  of 
a  dusky  olive-green,  and  Anally,  by  conti- 
nuing the  heat,  of  a  deep  red.  llie  resi- 
duum being  treated  as  before  with  alkali, 
and  so  on  alternately,  the  whole  appeared  ca- 
pable of  solution.  As  some  silex  continued 
to  be  taken  up  by  the  alkali  till  the  whole 
of  the  metal  was  dissolved,  it  seems  to  have 
been  chemically  combined  with  it  The  al- 
kaline solution  contains  oxi<le  of  nMwitww, 
with  a  small  proportion  of  iridium,  whidh 
separates  spontaneously  in  dark-coloured  thin 
flaikes  by  keeping  it  some  weeks. 

The  add  solution  contains  likewise  both 
the  metals,  but  chiefly  iridium.  By  slow 
evaporation  it  affords  an  imperfectly  crystal-- 
lized  mass ;  which  being  dried  on  blotting- 
paper,  and  dissolved  in  water,  gives  by  eva- 
poration  distinct  octohedral  crystals.  These 
crystals,  disserved  in  water,  produce  a  deep 
red  solution,  inclining  to  oranges  Infusion 
of  galls  occasions  no  precipitate,  but  instantly 
renders  the  solution  almost  colourless.  Mu- 
riate of  tin,  carbonate  of  soda,  and  prussiate 
of  potash,  produce  nearly  the  same  effect. 
Ammonia  precipitates  the  oxide,  but,  possi- 
bly from  being  in  excess,  retains  a  part  in 
solution,  acquiring  a  purple  colour.  The 
fixed  alkalis  precipitate  the  greater  part  of 
the  oxide^  but  fetain  a  part  in  solution,  this 
becoming  yellow.  All  the  metals  that  Mr 
Tennant  tried,  except  gold  and  platina,  pro- 
duced a  dark  or  black  precipitate  from  the 
muriatic  solution,  and  left  it  colourless. 

The  iridium  may  be  obtained  pure,  by  ex- 
posing the  octohedral  crystals  to  beat,  which 
expels  the  oxygen  and  muriatic  acid.  It 
was  white,  and  could  not  be  melted  by  any 
heat  Mr  Tennant  could  employ.  It  did  not 
combine  with  sulphur,  or  with  arsenic.  Lead 
unites  with  it  easily,  but  is  separated  by  cu- 
pellation,  leaving  the  iridium  on  the  cupel 
as  a  coarse  black  powder.  Copper  forms 
with  it  a  very  malleable  alloys  whidi,  after 
cupellbtion,  with  the  addition  of  lead,  leavea 
a  small  proportion  of  the  iridium,  but  much 
less  than  in  the  preceding  instance.  Silver 
forms  with  it  a  perfectly  nudleable  compound, . 
tlie  surface  of  which  is  tarnished  merely  by 
cupellation ;  yet  the  iridium  appears  to  ba 
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diiiiiaed  through  it  in  fine  powder  only. 
Gold  remains  malleable^  and  little  altered  in 
colour,  though  alloyed  with  a  considenible 
proportion  ;  nor  is  it  separable  either  by  cu- 
pellation  or  quartation.  If  the  gold  or  silver 
be  dtssolTed,  the  iridium  is  left  aa  a  black 
powder. 

The  French  chemists  observed,  that  this 
new  metal  gave  a  red  colour  to  the  triple 
salt  of  platina  and  sal  ammoniac,  was  not 
altered  by  muriate  of  tin,  and  was  precipitat- 
ed of  a  dark  brown  by  caustic  alkali.  Vau- 
quelin  added,  that  it  was  precipitated  by  galls, 
and  by  pnissiate  of  potash ;  but  Mr  Tennant 
ascribes  this  to  some  impurity. 

Mr  Tennant  gave  it  the  name  of  iridium, 
from  the  striking  variety  of  colours  it  affords 
while  dissolving  in  muriatic  acid. 

Dr  WoUaston  has  observed,  that  among 
the  grains  of  crude  platina,  there  arc  some 
scarcely  distinguishable  from  the  rest  but  by 
their  iiwolubility  in  nitro>muriatic  acid.  They 
are  harder,  however,  when  tried  by  the  file ; 
not  in  the  least  malleable;  and  of  the  spe- 
cific gravity  of  19.5.  Hiese  appeared  to 
bim  to  be  an  ore,  consisting  entirely  of  the 
two  new  metals. 

Vauquelin  has  since  succeeded  in  fonning 
sulphuret  of  iridium,  by  heating  a  mixture 
of  ammonia-muriate  of  iridium  and  sulphur. 
It  is  a  black  powder,  consisting  of  100  iri- 
dium -^  33»3  sulphur ;  whence,  supposing 
it  a  neutral  compound,  the  prime  equivalent 
of  iridium  would  be  6.0.  The  same  chemist 
baa  also  alloyed  iridium  with  lead,  copper, 
and  tin.  They  are  all  malleable ;  and  con- 
siderably hardened  by  the  presence  of  the 
iridium. 

IRON.  For  the  ores  of  this  metal  see 
Orss  of  Iron.  Before  smelting  them,  the 
ores  must  be  first  of  all  roasted  in  order  to 
dissipate  the  volatile  mineralisers,  such  as 
sulphur  and  arsenic,  to  increase  their  poro- 
sity, and  fiicilitate  their  reduction.  Hie 
ironstones  of  this  country  generally  contain 
enough  of  carbonaceous  matter  to  carry  on 
the  roasting  after  the  mass  has  been  fairly 
kindled  by  a  stratum  of  coal  placed  at  the 
bottom  of  the  bed.  But  the  ores  of  the 
Continent  generally  require  a  good  deal  of 
fuel  for  this  purpose.  In  the  Pyrenees,  to 
roast  a  hundred  weight  of  iron  ore,  from  one 
to  three  pounds  of  wood,  with  three  or  four 
pounds  of  charcoal,  are  required.  In  Swe- 
den, about  twelve  pounds  of  wood,  or  two- 
pounds  and  a  half  of  cluu'coal,  are  employed 
for  the  hundred  weight  of  ore.  On  the 
ground,  two  or  three  large  trunks  of  trees 
are  laid,  which  are  crossed  by  others,  and  the 
intervals  are  filled  up  with  brushwood.  When 
the  timber  is  well  kindled,  four  persons,  one 
on  each  side  of  the  square  area,  throw  in  the 
ore  with  shovels,  and  after  a  while  stir  it 
about  to  prevent  its  being  too  strongly  heat- 
ed.    Wherever  the  flame  is  fiercest,  most  ore 
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is  sprinkled  there;  and  thus  the  labour  b* 
continued  while  the  fuel  lasts.  In  a  well 
nwnaged  operation,  when  the  weather  is 
calm,  from  four  hundred  to  five  hundred 
tons  of  ore  are  roasted  with  five  or  six  cords 
of  wood ;  which  is  in  the  proportion  above 
stated.  The  roasting  is  seen  to  be  right 
when  the  ore  becomes  full  of  fissures,  friable^ 
rough  to  the  touch,  and  not  at  all  ritreous. 

When  the  roasting  is  executed  with  charcoal 
alone,  a  layer  of  the  ore  is  first  spread  on  the 
level  area,  then  a  layer  of  charcoal,  and  so 
alternately  to  the  height  of  7  feet,  the  surfiice 
being  covered  with  charcoal  dust.  The  stra- 
ta of  charcoal  are  from  5  to  6  inches  thick,  - 
and  those  of  the  on  from  8  to  9.  The  pre- 
ferable plan,  however,  b  to  lay  a  substratum 
of  wood. 

Hie  roasted  ore  b  transported  to  the  smelt- 
ing furnace  to  be  converted  into  iron.  That 
form  of  the  metal  called  cast  or  pig  iron,  is 
obtained  by  exposing  the  ore,  mixed  if  ne- 
cessary with  certain  fluxes,  to  the  action  of 
carixm  at  an  elevated  temperature  in  a  fur- 
nace urged  by  bellows ;  hence  called  in  thb 
country  a  blast-furnace,  but  on  the  Continent 
a  high  furnace.  This  has  generally  the  form 
of  a  fbur-sided  pyramid  truncated  at  top,  and 
terminated  there  by  a  cylindrical  chimney. 
Hie  height  varies  from  12  to  60  feet,  from 
45  to  50  being  the  average  in  Great  Britain. 
The  internal  diameter  of  the  chimney  is  from 
4  to  6  feet  At  its  bottom,  there  are  one  or 
more  rectangular  openings  or  doors,  by  which 
the  furnace  is  charged  at  its  throat.  Hie  in- 
terior body  of  the  blast  furnaces  is  usually 
in  the  circular  form,  except  the  laboratory 
at  its  bottom,  where  the  liquid  metsl  gathers. 
This,  called  sometimes  the  crucible  or  hearth,  • 
is  a  right  rectangular  prism,  oblong  in  the 
direction  perpendicular  to  the  blast  orifices 
or  tuyeres  of  the  bellows.  The  sides  of  the 
crucible  are  commonly  made  of  a  fire  grit- 
stone, composed  of  coarse  quartzose  grains. 
Above  the  crucible  the  boshes  are  placed,  in 
the  form  of  an  inverted  quadrangular  pyra- 
mid, approaching  to  the  prismatic  shape. 
Above  these  stone  boshes  rises  the  conical 
body  of  the  furnace,  lined  with  fire-bricks  ; 
and  this  part  higher  up  contracts  like  the* 
narrow  end  of  an  egg,  to  form  the  ihroat, 
on  which  the  chimney  is  placed. 

There  are  usually  two  blastrholes  or  tu- 
yeres to  conduct  the  stream  of  air  fiiom  the 
bellows  to  the  laboratory  of  the  furnace,, 
placed  on  opposite  sides,  but  so  angled  that 
the  streams  do  not  impinge  on  each  other. 
The  bellows  are  usually  cylindrical,  and 
their  pistons  are  worked  by  a  steam-engine. 

The  flux  employed  to  assist  the  fusion  of 
the  ore,  by  vitrifjring  the  earths  assocbtcd  in- 
it  with  the  oxide  of  iron,  b  limestone  of  the 
best  quality.  For  2^  tons  of  roasted  ore,, 
which  aiToKls  a  ton  of  cast  metal  at  Dudley 
in  Staffordshire,  19  cvrt  of  transition  lime- 
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itone  are  emplojcfd  as  flux ;  being  neariy  1 
of  limestone  for  3  of  the  unroiisted  ore. 
The  fiiel  is  coke  made  from  coal,  and  is 
measured  in  baskets,  13  of  which  weigh 
about  a  ton,  equivalent  to  two  tons  of  coab 
<d  the  best  quality.  In  the  course  of  24 
hours  a  good  blasufumace  in  steady  action, 
takes  14  tons  of  coke,  16  tons  of  roasted  ore, 
and  6^  tons  of  limestone ;  and  about  7  tons 
of  cast-iron  are  run  off.  'i*he  tapping  of 
the  liquid  metal  is  made  every  12  hours; 
and,  during  its  efflux  into  the  crude  pig 
moulds,  the  blast  is  usually,  but  not  alwaya» 
stopped.  From  3^  to  4  tons  of  coals  are 
employed  in  Staffordshire  to  furnish  a  too 
of  pig  iron,  roasting  of  the  ore  included. 
Nearly  double  of  this  quantity  of  Scotoh 
coal  is  required.  But  at  Cyfarthfa  in  South 
Wales,  the  manufacture  of  a  ton  of  pig  iron 
takes  only  2{  tons  of  their  rich  coals,  equivi^ 
lent  to  1|  ton  of  their  coke,  with  a  little 
more  than  3  tons  of  unroasted  ore,  which 
yields  on  an  average  32  per  cent  of  cast-iron. 
But  the  general  average  is  3  tons  of  coals  to 
1  of  cast  metal ;  for  which  1  ton  of  lime- 
stone is  employed. 

Casuiron  has  been  divided  into  three  dafr- 
sea,  relatively  to  its  colour  and  qualities; 
which  are  in  this  country  called  numbers  I, 
2,  and  3,  and  sell  at  a  difference  of  ten  shil- 
lings per  ton  for  each  number.  The  first  is 
the  best  and  soAest :  it  is  black,  is  employed 
for  casting  fine  machinery,  llie  second  is 
used  for  larger  castings ;  its  colour  is  black- 
ish-grey. The  third  is  a  lighter  grey ;  and 
is  worked  up  in  weights,  and  other  purposes 
where  much  strength  is  not  required.  Many 
objects,  such  as  small  pots,  are  made  from  a 
mixture  of  these  irons.  On  the  Continent, 
cast-iron  is  distinguished  by  the  names  grey, 
speckled,  and  white :  the  last  contains  usually 
a  combination  of  iron  with  its  protoxide  and 
eaiburet ;  the  second,  a  combination  of  iron 
with  the  carburet  and  a  smaller  quantity  of 
the  protoxide ;  and  the  first,  a  combination 
of  iron  with  more  carburet  and  less  oxide. 
But  the  composition  of  cast-iron  cannot  aU 
vrays  be  inferred  from  its  colour;  because 
this  is  affected  by  the  quickness  or  slowness 
of  its  cooling.  Good  number  1.  is  known 
by  its  black-grey  plumbaginous  lustre^  and 
the  coarseness  of  its  crystalline  structure. 
But  when  this  iron  is  very  rapidly  cooled, 
its  colour  is  whiter,  and  its  texture  smaller 
grained. 

.  The  white  pig  iron,  whatever  composition 
it  may  have,  is  always  hard,  brittle,  and  re- 
fiactory— it  does  not  yield  either  to  the  file 
or  the  chisel ;  the  dark  grey  pigs,  on  the  cou- 
frary,  are  soft,  plastic  to  a  certain  degree, 
and  may  be  worked  by  the  chisel  and  file. 
The  speckled  iron   has  intermediate  pro- 


What  are  the  causes  of  these  differences  ? 
We  may  remark,  in  the  ^nt  place^  that  cast- 


iron  may  be  procured  by  heating  pure  inm 
in  contact  with  diarooal  for  some  timc^  ao 
that  its  existence  ii  independent  of  the  aili- 
cium,  aluminum,  and  calcium,  oHen  preaent 
in  cast-irons. 

On  treating  number  1.  with  powerful 
adds,  a  residuum  is  obtained,  which,  by  tfat 
action  of  water  of  potassa,  is  converted  into 
another  residuum,  consisting  of  pure  carboiu 
llie  white  cast-iron,  treated  in  the  same  way, 
yields  no  graphite. 

From  these  considerations,  and  several 
others,  M.  Karsten  has  concluded,  that  the 
distinction  between  the  white  cast-iron  and 
the  dark  grey,  exists  in  the  mode  of  combi- 
nation of  the  carbon  with  the  iron.  Accord- 
ing to  him,  the  carbon  in  the  white  pig  » 
wholly  united  to  the  iron ;  but  in  the  dark 
grey  there  is  a  portion  of  free  graphite^ 
merely  diffused  among  the  metallic  par<* 
tides;  so  that,  on  meltings  the  dark  inia 
is  apt  to  enter  into  intimate  combination^ 
and  to  remain  so  by  a  quick  cooling,  but 
to  be  partially  separated  by  slow  nfrigaa^ 
tion.  The  white  kind,  harsh  and  lamellai^ 
contains  moreover  somewhat  more  charcoal 
than  the  dark  grey ;  in  opposition  to  whal 
has  hitherto  been  generally  recdved.  This 
theory,  which  M.  Karsten  seems  to  have  in- 
ferred from  a  wide  induction  of  facts,  is  not 
free  from  objections,  but,  propounded  by  so 
eminent  a  metallurgist,  it  merits  a  delibisats 
examination.  The  following  are  his  leading 
condusions  :— 

1.  That  white  cast-iron  and  tempered  sted 
contain  the  carbon  combined  with  the  whole 
body  of  the  iron. 

2.  That  the  lamdlar  white  iron  presenta 
a  perfect  combination  of  the  iron  vrith  the 
carbon,  and  that  it  is  dways  richer  in  car- 
bon than  the  black  grey. 

3.  That  the  grey  iron  and  untempeHd 
steel  oontdn  the  carbon  in  the  slate  of  a  car- 
buret, (polycarburet). 

4.  That  the  cold  grey  cast  contains  the 
greater  part  of  its  carbon  in  the  state  of  gra- 
phite and  mechanical  mixture ;  that  this  gra- 
phite contdns  no  iron,  but  consists  of  cartwa 
in  perfect  purity. 

5.  That  tlie  rest  of  the  carbon  contdned 
in  the  grey  cast,  may  exist  there,  dther  com- 
bined with  the  whole  body,  or  fonmng  a  car- 
buret of  definite  proportions,  and  whidr  is 
thereafter  dissolved  in  the  metalt  aa  it  is  in 
ductile  iron  and  in  steel. 

6.  That  dl  the  carburetted  irons,  consider- 
ed in  the  fused  state,  contdn  the  carbon  dis- 
solved in  the  mass  of  the  metd,  without  re- 
gard to  definite  proportions. 

7.  Lastly,  that  the  graphite  separates  itself 
from  the  metd  at  the  moment  of  ito  concre- 
tion, and  that  the  other  carburets  of  iroOr  if 
there  be  several,  form  at  a  later  period. 

According  to  the  results  obtdned  by  M. 
Karsten,  by  putting  white  cast-iron  trana- 
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fanatd  int  of  all  into  4uk  gnf  (by  slow 

osdiagX  and  Ibe  ordinary  dark  ffvy  metal 

itaelf,  in  contact  with  chloride  of  silver,  much 

water,  and  a  little  muriatic  acid,  all  cold,  for 

10  or  12  boun,  these  two  species  of  iron 

would  be  found  to  contain  the  fioUowing 

quantities  of  carbon  :*• 

Gutnn  CsrtMin  CartMD 
mmiiiped.    ft«e.    totiL 

White  cast-iron,  tran»- 
formed  as  above  into 
grey,  by  melting,  and 
tranquil  slow  cooling, 

When  done  in  lampblack,  0.60    162    5.22 

———  a  plumbago 
crucible,  -  0.81    4.29    5.10 

I  ■  a  clay  cm- 

cible,  -  1.00    4.05    5.05 

Grey  cast-iron,  from  the 
forges  of  Sayner  near 
Cobleots,  from  a  wood- 
char  furnace,  smelting 
brown  oxides,  0.89    a71    4.60 

Grey  cast,  from  the  forges 
of  Widerstein  (Siegen), 
from  a  wood-char  fur- 
nace smelting  a  mix- 
ture of  brown  oxides 
and  sparry  kon,  1.03    3.62    4.65 

Grey  cast,  irom  the  forges 
of  Malapane  (Upper 
Silesia),  from  a  wood^ 
char  furnace,        -         0.75    ai5    a90 

Grey  cast,  from  the  forges 
of  Koenigshiitte,  from 
a  coke  furnace,  smelt- 
ing ochreous  and  brown 
oxidav  -  0.58    2.57    ai5 

Grey  cast,  from  the  same 
furnace,  when  in  a  less 
heated  state,         -         0.95    2.70    a65 

The  slag  of  the  English  blast  furnaces  con- 
tains, in  general,  a  much  greater  quantity  of 
lime  than  those  of  the  blast  furnaces  of  the 
Continent  heated  with  wood-charcoal ;  whence 
the  latter  are  the  more  fusible.  The  object 
and  effect  of  this  excess  of  lime  is  to  seise  a 
portion  of  the  sulphur,  usually  present  in 
eonsiderable  quantities  in  the  coal  and  iron- 
stone of  the  coal  measures.  Hie  following 
b  the  composition  of  certain  slags  analysed 
by  M.  Bcrthier:— 

DowlMfStMer-  Dudley,  StaC 
thyw  TydwH        fonfoblre. 

Slica,  -  a404  0.416 

Lime,  -  0.384  0.372 

Magnesia,         -  0.052  trace 

Alumina,  -  a  112  0.154 

Finotoz.  manganese,  0.020 

Protoxide  of  iron,  a038  0.034 

Sulphur,  -  tpco 


a990  0.996 

The  conversion  of  cast-iron  into  malleable 
or  bar  iron,  is  accomplished  by.  processes 


which  differ  accofding  to  the  nature  of  the 
fuel  and  the  ore.  In  England,  the  first  step 
produces  a  metal  somewhat  approaching  to- 
wards wrought  iron,  and  is  called  fine  metal. 
The  second  operation  completes  the  effect  of 
the  first,  and  is  styled  puddling.  It  is  exe- 
cuted in  reverberatory  furnaces,  known  by 
the  name  of  puddling  furnaces.  Hie  third 
operation  consists  in  welding  several  bars  of 
iron  together,  doubling  them  up,  and  rolling 
them  out,  so  as  to  render  the  d»ss  more  uni- 
form and  tenacious.  Reverberatory  furnaces 
are  also  used  for  this  purpose.  Tliey  are 
called  balling  furnaces,  or  mill  furnaces. 

The  cast-iron,  run  out  from  the  blast  fur- 
nace, is  first  treated  in  the  refinery  furnaces, 
or  running-out  fires.  These  are  composed 
of  a  body  of  brick-work,  about  9  feet  square^ 
little  raised  above  the  ground.  The  crucible 
or  hearth,  placed  in  the  middle^  is  2  feet  and 
a  half  deep)  rectangular,  and  is  usually  3  feet 
by  2  in  area.  Its  greatest  side  is  parallel  to 
the  face  of  the  tuyeres,  and  it  is  composed  of 
4  plates  of  cast4ron.  It  is  filled  with  coke ; 
then  6  pigs  of  the  iron  are  placed  horizontally 
on  the  crucible,  namely,  4  parallel  to  the  4 
sides,  and  2  above  them,  in  the  middle.  The 
whole  is  covered  with  a  mass  of  coke,  piled 
up  into  a  dome.  The  fire  is  now  kindled ; 
and  at  the  end  of  a  quarter  of  an  hour,  when 
the  fuel  is  well  lighted,  the  blast  if  given. 
The  metal  flows  by  degrees,  and  collects  in 
the  crucible^  and  more  coke  is  added  as  the 
first  is  consumed.  This  operation  proceeds 
without  mechanical  interference :  the  melted 
metal  is  jiot  worked  about,  the  temperature 
being  kept  so  high  that  the  metal  is  always 
fused.  During  this  process  the  cokes  are 
continually  heaved  up ;  a  movement  owing 
partly  to  the  action  of  the  blast,  and  partly 
to  an  intumescence  which  the  cast-iron  expe- 
riences in  this  melting,  from  the  disengage- 
ment of  the  oxide  of  carbon.  When  the 
whole  cast-iron  has  collected  in  the  bottom 
of  the  crucible,  which  usually  happens  at  the 
end  of  two  hours,  or  two  and  a  half,  the  tap- 
hole  is  opened,  and  the  Jine  metal  flows  out, 
along  with  the  slag,  into  a  fosse,  bedewed 
with  water  mixed  with  clay,  which  forms  a 
coating  to  prevent  the  metal  from  sticking 
to  the  ground.  The  finer  metal  forms  a 
plate^  ten  feet  long  by  three  feet  brcHid,  and 
from  two  inches  to  two  and  a  half  thick.  A 
great  quantity  of  cold  water  is  sprinkled  on 
it,  in  wder  to  make  it  brittle,  and  also  to  oxi- 
dize it  slightly.  The  slag  generally  contains 
some  phosphoric  acid,  with  silica,  protoxide 
of  iron,  and  alumina.  The  loss  of  weight  in 
the  iron  by  this  operation  is  from  12  to  17 
per  cent  ^ 

The  fine  metal  is  broken  to  pieces,  and 
sent  to  the  puddling  furnace.  It  is  here  laid 
on  the  hearth  of  the  reverberatory  in  succes- 
sive portions  with  a  shovel,  being  heaped  up 
towwds  its  sides  in  ppes,  which  mount  near 

Mm 
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to  the  roof.  The  zdiddle  space  is  left  open/  of  the  mehed  mettl,  can  free  it  alriioW 
to  giTe  room  for  puddling  the  metal  as  it  tiraly  from  the  slag,  whicfa^  bcmg  liglittr 
flows  down  in  successive  streams.  When  the  ttehalliv  fiaalB  ovila  iufwew  Bm  thia  cAc^ 
whole  is  reduced  by  the  heat  of  the  reveibe-  at  times  Tery  slowy  is' besides  never  complete, 
ratorj  fomaoe  to  a  pasty  state,  the  tempera-  The  true  method  of  depriving  the  pig  iron  of 
tmre  is  lowered,  and  a  little  water  is  some-  its  slag  is  compression ;  in  which  process  the 
times  thrown  on  the  melted  mass.  The  earthy  glasses  is  extruded  through  the  pores 
workman  stirs  about  the  semi-liquid  metal  of  the  bloom  or  lump,  aa  water  exudes  from 
with  his  paddle,  during  which  it  swells  up,  a  sponge.  It  is  ther^ore  less  with  the  view 
emits  a  considerable  quantity  of  oxide  of  of  depriving  crude  iron  of  its  slag,  that  it  is 
carbon,  which  bums  with  a  blue  flame,  so  left  in  fusion,  than  to  dislodge  its  oxygen 
that  the  mass  appears  to  be  on  fire.  The  and  carbon  ;  a  result  which  occurs,  either  in 
metal,  as  it  refines,  becomes  less  fusible^  or,  virtue  of  the  mutual  reaction  of  these  two 
in  the  language  of  the  workmen,  it  begins  to  bodies,  or  by  the  decomposition  of  the  atmos- 
dry.  Tlie  workmen  continue  always  to  pheric  air  which  plays  on  the  liquid  bath,  af 
puddle  the  metal,  till  the  whole  charge  is  whose  expense  the  carbonic  oxide  is  formed 
reduced  to  the  state  of  an  incoherent  sand  ;  out  of  the  carbon  of  the  cast-iron. 
then  the  temperature  is  gradually  increased.  Among  the  different  varieties  of  crude 
till  the  particles  given  become  of  a  red- white  iron,  there  are  some  which  contain  exactly 
heat,  when  they  b^n  to  agglutinate  and  the  proportion  of  oxygen  and  carbon  proper 
the  charge  works  heavy.  The  refining  is  now  to  form  a  gaseous  combination  ;  for  the  re- 
finished,  and  nothing  remains  but  to  form  finery  of  these,  all  that  is  needed  u  to  leave 
the  metal  into  balls,  and  condense  it  under  the  melted  metal  without  any  addition, 
the  rolling  cylinders ;  an  operation  formerly,  In  this  case,  the  better  the  bath  is  defended 
and  still  sometimes  performed,  under  heavy  from  the  air,  the  more  perfect  would  be  the 
hammers,  but  with  much  less  expedition,  refinery.  But  there  are  likewise  other  v»- 
When  the  lump  of  iron  has  passed  five  or  six  rieties  of  cast-iron,  in  which  both  these  sub- 
times  through  the  grooved  rollers,  it  assumes  stances  are  in  excess.  Hie  processes  of  re- 
an  elliptic  figure,  and  is  called  a  bloom,  finery  must  therefore  vary  with  the  peculiar 
Loose  fragments  of  the  ball,  with  the  slag,  nature  of  the  irons.  To  those  in  which  the 
fall  down  about  the  cylinder.  The  metal  carbon  exceeds  the  proportion  necessary  to 
thus  roughed  down  is  called  miU-bar  iron.  It  give  birth  to  carbonic  add  gas,  or  oxide  of 
is  subjected  to  a  second  operation,  which  carbon,  it  is  right  to  give  free  access  of  at- 
connsts  in  welding  several  pieces  together,  mospherical  air. 

whence  it  derives  the  valuable  properties  of         It  may  be  asked,  how  the  effect  of  decar- 

ductility,  uniformity,  and  cohesion.     After  buration  of  casuiron,  by  the  oxygen  of  the 

welding  laterally  four  pieces  together,  the  atmospherical  air,  so  far  from  being  confined 

mass  is  run  through  between  a  series  of  cylin-  to  the  surfaces  in  immediate  contact,  is  pro- 

ders,  as  at  first,  and  becomes  English  bar  pagated  not  only  into  the  interior  of  a  mass 

iron.  of  liquefied  metal,  but  even  into  the  centre 

Iron,  for  laminating  into  sheets,  is  treated  of  a  mass  simply  heated,  and  still  in  a  slate 

in  the  refinery  furnace  with  a  charcoal  in-  of  solidity  ?•— lliis  phenomenon   ceases  to 

stead  of  a  coke  fire.  appear  singular  or  inexplicable,  if  we  call  to 

We  shall  now  treat  of  the  modes  of  refin-  mind  the  fact  already  known,  and  a  thousand 

ing  iron  on  the  Continent,  and  of  the  chemi-  times  verified,  of  the  propagation  of  carbon 

cal  theories  on  which   these  processes  are  into  iron,  on  whidi  is  founded  the  cementa- 

founded.  tion  practised  in  converting  steel  into  iron. 

Lampadius  made,  on  the  great  scale,  in  a  One  ought  to  observe  the  progress  of  the 
reverberatory  furnace,  an  extensive  series  of  cementation,  to  acquire  a  precise  conception 
experiments,  with  the  riew  of  refining  im-  of  these  changes.  Carburation  differs  from 
pure  or  crude  iron,  from  which  be  deduced,  oxidation,  in  advancing  by  a  gradual  scale  of 
that  oxygen  exists  in  greater  or  less  quantity  progression.  At  first,  an  outer  coat  of  iron 
in  all  cast-iron.^/' Journa/  des  Mines,  xvi.)  gets  partially  saturated  with  carbon.  If,  by 
Other  researches  have  afforded  results  no  less  pushing  the  cementing  process,  we  wish  to 
certain.  Half  a  pound  of  the  dark  grey  arrive  at  the  complete  saturation  of  thatcoat, 
metal,  treated  in  a  retort  With  four  ounces  we  can  succeed  only  by  making  a  previous 
of  charcoal,  previously  calcined,  and  purged  partition  :  die  layer  immediately  beneatii  the 
of  gaseous  matter,  yielded  32  cubic  inches  of  first  carries  off  from  it  a  portion  of  its  car- 
carbonic  add  ;  an  equal  weight  of  the  white  bon  ;  and  it  is  not  till  itself  is  partly  satu- 
cast  metal  afforded  165  cubic  inches  of  the  rated,  that  it  suffers  the  outer  coat  to  absorb 
same  gas ;  whence  it  would  seem  to  follow,  its  maximum  dose  of  carbon,  when  it  remains 
that  the  quantity  of  oxygen  gas  contained  in  stationary.  But  an  effect  quite  similar  takes 
the  dark  grey,  was  to  that  contained  in  the  place  with  the  second  coat  in  reference  to 
very  white,  as  32  is  to  165.  '  It  is  known,  the  third,  that  is,  the  one  immediately  witiiin 
that  a  long  continued  fusion,  and  the  repose  or  benefith  it.     The  progressive  march  of 
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ccttienUdon,  mumtdy  watched  and  deecribcd  eartfaa  are  present,  these  tend' contmuallff 
by  several  eminent  chemists,  leaves  no  doubt  during  the  yitrification  which  they  snffer,  to 
as  to  the  truth  of  the  above  representation.  retain  in  their  vitreous  mass  the  oxide  of  iron 
If  we  apply  these  ideas  to  the  refinery  pro-  without  decomposition^  Were  such  earthy 
cesses,  nothing  can  be  easier  than  their  com-  ores  as  our  ironstones  to  be  put  into  the  low 
prehension.  The  decarfouration  of  the  cast-  furnaces  called  Catalan,  through  which  the 
iron  is  merely  a  restoration  of  the  carbon  to  charges  pass  with  great  rafndity^  and  in  wliich 
the  suffftoe,  in  tracing  inversely  the  same  the  contact  ¥rith  the  fiiel  is  meteky  moment- 
progressive  steps  as  had  carried  it  into  the  ary,  there  would  be  found  in  the  crucible  or 
interior  during  the  smelting  of  the  ore.  hearth  merely  a  rich  metallie  glass,  instead  of 
^us  the  oxygen  of  the  air,  fixing  itself  at  a  r^ulus  of  metal. 

first  at  the  surface  of  the  cast  metal,  on  the  In  the  smelting  and  refining  in  a  single  or 
carbon  which  it  finds  there^  bums  it :  fresh  rather  continuous  operation,  three  difiSerent 
charcoal,  issuing  from  the  interior,  cemes  stages  may  be  distinguished:— 1.  Ibe  roast- 
then  to  occupy  the  place  of  what  had  been  ing  of  the  ore  to  expel  the  sulphur,,  which^ 
diswipHted ;  tiU,  finally,  the  whole  carbon  is  according  to  the  mode  of  fusion  here  adoptedf 
transferred  from  the  centre  to  the  surface,  and  would  be  less  easUy  separated  afterwards  than 
la  there  converted  iato  either  carbonic  acid  in  any  other  method.  The  roasting  disai- 
gas  or  oxide  of  carbon ;  an  alternative  which  pates  likewise  the  water,  the  carbonic  add, 
may  fairly  be  allowed,  since  no  direct  experi-  and  any  other  volatile  substances  which  the 
jnent,  which  we  know,  has  hidierto  proved  minerals  may  contain.  2.  They  deoxidised 
what  is  the  precise  product  of  this  combustion,  and  reduced  to  metal  by  exposure  to  char- 
Hiis  peculiar  diffusibility  of  carbon  uni-  coal  or  carburettcd  vapours.  3.  The  metal 
formly  through  the  whole  mass  of  iron,  occu-  is  melted,  agglutinated,  and  refined,  so.- as  to 
pyiog  its  vacant  interstices,  so  to  speak,  a  be  carried  under  machines  for  compression,  or 
movement  by  means  of  which  cast-iron  may  heavy  hammers  where  it  is  forged.  There 
be  refined  even  without  undergoing  fusion^,  are  several  forges  in  which  these  three  oper»- 
is  proved  by  a  multitude  <^  phenomena  more  tions  seem  to  be  confounded  into  a  single  one, 
or  less  decisive.  Every  workman  in  steel  because,  although  still  successive,  they  are 
remarks,  that  this  form  of  carburetted  iron  practised  at  one  single  healing  without  inter^ 
'loses  a  portion  of  its  steely  properties  every  ruption.  In  other  forges,  the  processes  are 
time  it  is  heated  in  contact  with  air.  performed  separately,  that  is  to  say,  an  inter- 
On  the  above  principle  cast-iron  may  be  '  val  elapses  between  each  stage  of  the  work, 
refined  at  one  operation.  Three  kinds  of  Hiree  systems  of  this  kind-  are  known  to 
iron  are  susceptible  of  this  comprehensive  exist :^1.  Tlie  Corsiean  method;  2.  The 
process:—!.  The  speckled  cast-iron,  which  Catalonian  vrith  wood  charcoal;  and,  3. 
contains  such  proportions  of  oxygen  and  car-  The  Catalonian  with  coke.  Our  limita  will 
bon,  as  when  added  to  the  oxygen  of  the  air  allow  us  to  give  an  outline  only  of  the  firsL 
and  the  carbon  of  the  fuel  employed  in  the  The  furnaces  of  Corsica  are  a  kind  of 
fusion,  there  may  be  sufiicient  and  complete  semicircular  basins^  18  inches  in  diameter, 
saturation,  but  nothing  in  excess.  2.  Hie  and  6  inches  deep.  These  are  excavated  in 
dark  grey  cast-iron,  containing  carbon  in  ex-  an  area,  or  a  small  elevation  of  masonry,  8 
oess.  3.  The  white  cast-iron,  containing  or  10  feet  long  by  5  or  6  broad,  and  covered 
oxygen  in  excess.  The  nature  of  the  crude  in  with  a  chimney.  This  area  is  quitesimi- 
metal  calls  for  variations  both  in  the  form  of  lar  to  that  of  the  ordinary  hearths, 
the  furnaces,  and  in  the  difierent  manipula-  The  tuyere  (nozzle  of  the  bellows)  stands 
tions.  5  or  6  inches  above  the  basin,  and  has  » little 
Malleable  iron  is  sometimes  obtained  direct-  inclination  downwards.     In  Corsica,  and  the 


ly  from  the  ores  by  one  fusion*  This  mode  whole  portion  of  Italy  vrhich  a^^oins  the 
of  working  is  practised  in  the  Pyrenees  to  a  Mediterranean  shores,  the  iron  ore  is  an  oxide 
consi<lenible  extent,  and  is  called  the  Catalan  similsr  to  that  of  the  Isle  of  Elba.  (See  Oe£5 
forge*  All  the  ores  of  iron  are  not  adapted  of  Iron.)  This  ore  contains  a  little  water, 
for  this  kind  of  smelting.  Those  in  which  some  carbonic  acid,  occasionally  pyrites,  but 
the  metallic  oxide  is  mixed  with  much  earthy  in  small  quantity.  Before  deoxidizing  the 
matter,  do  not  answer  well ;  but  those  com-  ore,  it  is  requisite  to  expel  the  water  and  car- 
posed  of  the  pure  black  oxide,  red  oxide,  and  bonic  acid  combined  with  the  oxide,  as  well 
.carbonate,  succeed  much-  better.  .  To  extract  as  the  sulphur  of  the  pyrites,  when  this  con- 
the  metal  from  such  ores,  it  is  suflScient  to  tamination  exists. 

expose  them  to  a  high  temperature,  in  con-  •     In  the  same  furnace  are  executed  the  three 

tact  either  with  charcoal,  or  even  with  carbo-  operations  of  roasting,    reduction,   and  of 

•naceoua  gases;  nor  need  tlie  contact  be  ^i  fusion  and  agglutination.     These  are  indeed 

long  duration,  for  the  metallic  oxide  not  being  divided  into  two  distinct  labours;  but  the 

solicited  by  any  other  affinity  which  may  op-  one  is  a  continuation  of  the  other.     In  the 

pose  the  union  of  its  oxygen  with  the  carbon,  first,   the  two  primary  operations  are  pe^ 

;is  speedily  reduced.     But  .in  case  several  « formed' at  once;— the  reduction  of  a  portion 
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ol  tht  ranted  orer  is  bigun  «t  the  nme  time  right  and  tfw  kft,  two  fatsps  of  chMiyoil 
■s  a  portion  of  tbe  raw  ore  is  roestcd :  tbeie  dnt  to  oontiniie  tbe  fuel  in  the  faccrtfa.  In^ 
two  substaooes  are  afterwards  separated.  In  to  tbe  iotenral  between  these  oonicaifjHks 
the  second  stage*  the  deoxidizement  of  the  two  or  three  baskets  of  charcoal  arc  cmC,  and 
metal  is  continued,  of  which  the  reduction  on  its  top  some  cakes  of  the  reduced  cnida 
bad  been  begun  in  tbe  preceding  stage ;  it  is  metal  being  laid,  the  blast  is  icsumed.  Hie 
then  melted  and  agglutinated,  so  as  to  form  cakes,  aa  they  heat,  undergo  a  sort  of  li^ua- 
a  ball  to  be  submitted  to  the  forge-hammer.  tion,  or  sweating  out,  by  the  action  of  tho 
The  roasted  pieces  are  broken  down  to  the  earthy  glasses  on  the  unreduced  black  oxide 
size  of  nuts,  to  make  the  reduction  of  the  presenti  Very  fusible  slags  flow  down 
metal  easier.  In  executing  the  first  step,  the  through  the  mass ;  and  the  iron,  reduced  and 
basin  and  area  of  tbe  furnace  must  be  Uned  melted,  passes  finally  through  coals,  and  falk 
with  a  brasque  of  charcoal  dust,  3,  4,  or  e?en  into  tbe  slag  bssin  below.  To  the  first  parcel 
b  inches  thick :  over  this  brasque  a  building  of  cakes,  others  are  added  in  succession.  In 
is  raised  with  lumps  of  charc(Md,  very  hard,  proportion  as  the  slags  proceeding  from  theie 
and  4  or  5  inches  long.  Of  this  building,  a  run  down,  and  as  the  melted  iron  falls  to  die 
semicircle  is  formed  round  the  tuyere,  the  bottom,  the  thin  slag  is  run  off  by  an  upper 
inner  radius  of  which  is  5  or  6  inches.  This  orerflow  or  chia  hole,  and  the  reduced  iron 
mass  of  charcoal  is  next  surrounded  with  an*  kept  by  the  heat  in  tbe  pasty  condition,  re- 
other  pile,  raised  with  the  roasted  and  broken  mains  in  the  basin :  all  its  parts  get  agghiti^ 
eras,  which  must  be  covered  all  round  with  nated,  whence  results  a  soft  mass,  which  is 
charcoal  dust,  lliis  second  body  of  ore  is  removed  by  means  of  a  hooked  pole  in  order 
sustained  with  large  blocks  of  the  raw  ore^  to  be  tilted.  Eadi  lump  or  bloom  of  mal- 
which  form  externally  a  third  walL  leoble  iron  requires  3  hours  and  a  half  for  ita 

These  three  piles  of  charcoal,  of  roasted  production. 

and  unroasted  ore,  are  raised  in  three  sue-         The  iron  obtained  by  this  process  is  in  ge- 

eessive  portions,  each  of  7  inches  high :  they  neral  aofk,  very  malleable,  and  little  steely. 

are  separated  from  each  other  by  a  layer  of  In  Corsica  four  workmen  are  employed  al 

charcoal  dust  about  an  inch  thick,  which  gives  one  forge.     The  produce  of  their  laboor  if 

94  inches  ofheigbt  to  the  whole  mass.     This  about  4  cwt  of  iron  from  10  cwt.  of  ore 

n  afterwards  covered  over  with  a  strong  coat  and  20  of  charcoal,  mingled  with  wood  of 

of  pounded  charcoal.  beech  and  chestnut.     Though  their  ore  con- 

The  blocks  of  raw  ore  which  compose  the  tains  on  an  average  65  per  cent  of  iron,  only 

oatcr  wall  form  a  slope ;    the  larger  and  about  40  parts  are  extracted ;  constituting  a 

stronger  pieces  are  at  tbe  bottom,  and  tlie  prodigious  waste,  which  remains  in  the  slags. 

smaller  in  tbe  upper  part     Tbe  large  blocks         The  difference  between  the  Corsican  and 

are  sunk  with  much  solidity  into  the  charcoal  the  Catalonian  methods  consists  in  the  latter 

dust,  to  enable  them  better  to  resist  the  pres-  roasting  tbe  ore  at  a  distinct  operation,  and 

sure  from  within.  employing  a  second  one  in  the  reductiottt 

On  the  bottom  of  the  semicircular  well  agglutination,  and  refining  of  the  metaL    In 

ftnrmed  by  the  charcoal  lumps,  kindled  pieces  the  Catalonian  forges,  1(M)  pounds  of  iron 

•re  thrown,  and  over  these  pieces  of  black  are  obtained  from  300  pounds  of  ore  and 

charcoal ;  after  which  the  blast  of  a  water-  310  pounds  of  charcoal ;  being  a  produce  of 

blowing  machine  (trombe)  is  given.    Tlie  fire  only  33  per  cent.     It  may  be  concluded  **»tt 

is  kept  up  by  constantly  throwing  charcoal  there  is  a  notable  waste,  since  the  sparry  iron 

into  the  central  well.     At  the  beginning  of  ores,  which  are  those  principally  smelted^ 

the  operation  it  is  thrust  down  with  wo^en  contain  on  an  average  from  54  to  56  per 

rods)  lest  it  should  afi*ect  the  building ;  but  cent  of  iron.     The  same  ores  smelted  in  the 

when  the  heat  becomes  too  intense  for  the  ordinary  blast  furnace  produce  about  45  per 

-workmen  to  come  so  near  the  hearth,  a  long  cent  of  cast-iron. 

iron  rake  is  employed  for  the  purpose.  At  On  the  Continent,  iron  is  frequently  i«. 
the  end  of  about  3  hours,  the  two  processes  fined  from  the  cast  metal  of  the  blast  fur- 
of  roasting  and  reduction  are  commonly  fin-     naces  by  three  operations,  in  three  different 

ished :  when  the  raw  ore  no  longer  exhales  ways.  In  one,  the  pig  is  melted,  from  which, 
any  fbmes,  the  roasted  ore,  being  softened,  by  aspersion  of  water,  a  cake  is  obtained, 
unites  into  lumps  more  or  less  coherent  which  is  again  melted  in  onler  to  form  a  se- 

Tbe  workman  now  removes  the  blocks  of    cond  cake.     This  being  treated  in  the  refin- 

roasted  ore  which  form  the  outer  casing,  and  ery  fire,  is  then  work^  into  a  blnom.     In 

rolls  them  to  the  spot  where  they  are  to  be  another  system,  the  pig  iron  is  melted  and 

broken  into  small  pieces,  and  he  pulls  down  cast  into  plates :  these  are  melted  anew  in 

the  brasque  (small  charcoal)  which  surrounds  order  to  obtain  crude  balls,  which  are  finally 
the  mass  of  reduced  ore.  worked  into  blooms.     In  a  third  mode  of 

The  second  operation  is  executed  by  clean-  manufacture,  the  pig  is  mdted  and  cast  into 
Ing  the  basin,  removing  the  slags,  covering  plates,  which  are  roasted,  and  then  strongly 
the  basin  anew  with  2  or  3  brasqucs,  (coato  heated,  to  form  a  bloom,  lite  first  pkn  is 
of  pounded  charcoal),  and  piling  up  to  the     generally  adopted  in  Sweden. 
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I  ■ball  iiucrt  htra  •  tabular  view  of  tha  aualyiet  of  diffureat  kiods  of  owt^roo  :— 
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I.  Of  pure  iron* 

Its  8peei6c  gravity  is  7.7,  but  it  raay  be 
made  7.8  by  hammering.  Rinmann  gives 
as  the  mean  densities  of  this  metal,  in  three 
states— cast  iron  7.281,  steel  7.795^  beat  bw 
iron  7.70L  Under  the  article  Cohesion,  the 
tenacity  of  iron  is  given  in  reference  to  other 
solids.  In  malleability  it  is  much  inferior  to 
gold,  silver,  and  copper ;  though  in  ductiUty 
it  approaches  these  metals ;  for  iron  wires  of 
1- 1 50th  of  an  inch  are  frequently  drawn.  Its 
melting  point  is  estimated  by  Sir  G.  Macken- 
zie at  158°  Wedgewood;  the  extreme  heat 
of  our  chemical  furnaces. 

Dr  Wollaston  first  showed,  that  the  forms 
in  which  native  iron  is  disposed  to  break,  are 
those  of  the  regular  octohedron  and  tetrahe- 
dnm,  or  rhomboid,  consisting  of  these  forms 
combined.    In  a  specimen  po^seaMd  by  tbia 


pbilosopher,  the  crystalline  surfiiees  appear  to 
have  been  the  result  of  a  process  of  oxidation 
which  has  penetrated  the  mass  to  a  oonaidev^ 
able  depth  in  the  direction  of  its  huniaae ; 
but  in  the  specimea  which  is  in  the  posses 
sion  of  the  Geological  Sodefty,  the  brilliani 
surfaces  thai  have  been  occasioned  by  forci- 
ble separation  from  the  original  mass,  exhibit 
also  the  same  configurations  as  are  usual  in 
the  fracture  of  octohedral  crystals,  and  are 
found  in  many  simple  metals.  Hiis  aponta^ 
neous  decomposition  of  the  metal  in  the  di.* 
rection  of  its  crystalline  laminas,  is  •  new 
and  valuable  fiict 

From  Mr  DanielPs  ingenious  experiments 
on  the  mechanical  structure  of  iron,  develop* 
ed  by  solution,  we  learn,  that  a  mass  of  bar 
von  which  had  undergone  all  the  opecations 
of  pMddUng  and  tolUngf  after  beuig  left  in 
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liquid  muriatic  add  till  satuxation,  presented  soda,  and  washing  the  predpttate  in  doae 

the  appearance  of  a  bundle  of  fasces,  whose  vessels  with  water  deprived  of  its  air,  ooo> 

fibres  run  parallel  through  its  whole  length,  sists,  according  to  M.  Gay  Lussac,  of  100' 

At  its  two  ends,  the  points  wereperfeMly  de-  parts  of  iron,  and  25  of  oxygen.     Hiia  de> 

tached  from  each  odier,  and  the  rods  were  termination  would  make  the  atom  of  iron 

altogether  so  distinct,  as  to  appear  to  the  eye  4.0.     This  proportion  is  proved,  be  adda, 

to  be  but  loosely  compacted.  by  dissolving  a  certain  quantity  of  iron  in 

Iron  by  friction  acquires  a  peculiar  smell ;  dilute    sulphuric  add,   and  collecting  the 

and  it  possesses  the  colour  distinctively  call-  evolved  hydrogen. 

ed  iron-grey.  It  does  not  laminate  nearly  2df  Deutoxide  of  M.  Gay  Luasac.  He 
so  well  as  it  draws  into  wire.  Bars  of  iron  forms  it  by  exposing  a  coil  oi  fine  iron  wire* 
kept  in  a  vertical  position,  or  rather  at  an  placed  in  an  ignited  porcelain  tube^  to  a  cur- 
angle  of  70*^  to  the  horizon,  become  magne-  rent  of  steam,  ss  long  as  any  hydrc^n  comes 
tic  in  the  course  of  time.  Tliey  may  also  be  ofer.  There  is  no  danger,  he  says,  of  gene- 
magnetized  by  percussion  or  an  electric  shock,  rating  peroxide  in  this  experiment,  because 
but  the  best  method  is  a  properly  directed  iron  once  in  the  state  of  deutoxide  has  no 
friction  with  a  magnetized  bar  of  steel,  or  a  such  afiinity  for  oxygen  as  to  enable  it  to 
native  loadstone.  decompose  water.     It  may  also,  he  states,  be 

Iron  is  one  of  the  metals  which  burns  with  procured  by  caldning  strongly  a  mixture  of 

the  greatest  facility ;  and  the  combustion  of  1  part  of  iron  and  3  parts  of  the  red  oxide 

an  iron  wire  in  oxygen  gas  is  a  brilliant  ex-  in  a  stone-ware  crudble,   to  the  ne^  of 

periment     Tlie  blazing  particles  which  fiy  which  a  tube  is  adapted  to  cut  ofi^  the  oon- 

from  the  anvil  of  the  blacksmith  afford  ano-  tact  of  air.     But  this  process  is  less  certain 

ther  example  of  the  combustibility  of  iron,  than  the  first,  because  a  portion  of  peroxide 

But  it  is  not  necessary  to  heat  iron  so  highly  may  escape  the  reaction  of  the  iron.     But 

in  order  to  oxidize  it     When  its  tempera-  we  may  dispense  with  the  trouble  of  making 

ture  is  raised  to  dull  redness,  it  becomes  sue-  it,  adds  M.  llienard,  because  it  is  found 

cessivdy  black  and  violel^brown,  with  an  in-  abundantly  in   nature.      He  refers  to  tfaia 

crease  of  more  than  2-5ths  in  wdght,  provid-  oxide,  the  crystallized  specular  iron  ore  of 

ed  the  caldoation  be  continued  long  enough.  Elba,  Corsica,  Dalecarlia,  and  Sweden.  Hie 

There  are  only  two  non-metallic  combus-  above  described  protoxide  does  not  exist  in 

tibles,  hydrogen  and  nitrogen,  which  have  not  nature.     From  the  synthesis  of  this  oxide  by 

hitherto  been  combined  with  iron.     Carbon,  steam,  M.  Gay  Lussac  has  determined  its 

boron,  phosphorus,  sulphur,  and  selenium,  composition  to  be, 
form  with  it  compounds  more  or  leas  inti-  Iron,  100  78.72 

mate.     The  same  thing  holds  of  most  of  the  Oxygen,  37.5      27.28 

metals.     In  the  cold,  it  is  without  action  on  According  to  Berzelius,  the  magnetic  inm 

pure  water,  decompodng  it  rapidly  only  at  ore  differs  entirely  in  compoution  from  the 

the  degree  of  incandescence.     The  rusting  of  specular  ore  of  Elba,  which  is  non-magnetic 

iron  in  a  damp  atmosphere  has  been  ascribed  He  represents  the  former  by  one  atom  of 

to  the  joint  agency  of  carbonic  add  and  wa^  protoxide  -^  two  atoms  of  peroxide ;  or,  in 

ter.  100  parts,  30.98  protoxide  +  69.02  perox- 

IL  Compounds  of  iron-  ide ;  that  is,  on  our  scale  of  numbers,  4.5 

1.  Oxides ;  of  which  there  are  three,  pro-  -f-  (5  X  8  =)  10  =  14.5.     Hence  in  100 

bably  four.  parts  there  will  be  28.215  oxygen  +  71.785 

Utf  The  oxide,  obtuned  dther  by  digest-  iron.  Hie  specular  iron  ore,  according  to 
ing  an  excess  of  iron  filings  in  water,  by  the  Bucholz,  is  a  pure  peroxide  of  iron,  coo- 
combustion  of  iron  wire  in  oxygen,  or  by  taining  70  per  cent  of  metallic  iron,  and  30 
adding  pure  ammonia  to  solution  of  green  of  oxygen ;  or  according  to  Berzelius's  num- 
copperas,  and  drying  the  predpitate  out  of  bers,  69.34  -j-  30.66.  I  conceive  this  view  • 
contact  of  air,  is  of «  black  colour,  becoming  of  the  matter  to  be  the  correct  one. 
white  by  its  union  with  water  in  the  hydrate,  3d,  Hitherto  the  oxide  in  the  scales  of 
attractable  by  the  magnet,  but  more  feebly  iron  found  at  the  smith's  anvil,  has  been  re- 
than  iron.  By  a  mean  of  the  experiments  of  garded  as  identical  with  the  native  magnetic 
several  chemists,  its  composition  seems  to  be,  oxide,  and  that  obtained  by  transmitting 
Iron,  100  77.82  3.5  steam  over  ignited  iron  wire.  But  M. 
Oxygen,  28.5  22.18  1.0  Berthier,  in  £e  course  of  some  recent  ex- 
IVhence  the  prime  equivalent  of  iron  comes  periments,  has  found  reason  to  conclude, 
out,  we  percdve,  3.5.  Sir  H.  Davy's  num-  that  these  scales  do  not  contain  so  much 
ber,  reduced  to  the  oxygen  scale,  is  6.86,  oxygen  bb  the  deutoxide  of  Gay  Lussac* 
onfr>balf  of  which,  3.43,  is  very  nearly  the  Tliis  oxide,  intermediate  between  the  prot- 
iletermination  of  Berzelius.  oxide  and   the  magnetic  oxide,   does    not 

M.  Ibenard  in  his  Tndt^  vol.  ii.  p.  73.  form  a  peculiar  order  of  salu :  it  is  decom- 

says,  the  above  oxide,  obtained  by  decom-  posed  by  the  action  of  adds  into  protoxide 

posing  protosuiphate  of  iron  .by  ^potash  .or-  and  peroxide^  just  m  the  .deutoxide  of  Gay 
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(IjUSMc  ; 'and  this  property  affords  an  easy  a  piece  of  nilphor  thrown  into  it,  then,  either 

means  of  analyzing  it  ■   in  this. way  he  de-  blowing  through  the  barrel,  or  closing  the 

termined  its  constitution  to  be  two  atoms  of  mouth  with  a  cork,  wiU  produce  a  jet  of  sul- 

protozide  and  one  of  peroxide ;  or  in  weight,  phurous  vapour  at  the  touch-hole,  to  which 

Protoxide,  64^2    or,  Iron,        74^5     100  if  iron  wire  be  exposed,  it  will  bum  as  if 

Peroxide^  35.8         Oxygen,  25.5      34.4  ignited  in  oxygen  gas,  and  fall  in  fused  glo- 

— —  bules  of  protosulphuret  of  iron. 

100.0  The  penulphuret  of  iron  exists  in  nature. 

Hence  a  fourth  oxide  must  be  admitted ;  and  It  has  the  metallic  appearance  of  bronze,  but 

in  these  four,  sap  M.  Berthier,  the  quanti-  its  powder  is  blackish-grey.     It  is  in  fact  the 

ties  of  oxygen  combined  with  the  same  quan-  magnetic  pyrites  of  mineralogy,  which  see 

tity  of  iron  will  be  to  each  other  as  the  num-  among  the  Ores  of  Iron.     By  the  analysis  of 

hers  6,  7,  8,  9.     The  scales  of  iron  oxide  Mr  Hatchett  and  Professor  Proust,  it  seems 

-that' yield  on  analysis  less  than  35  per  cent  to  consist  of  iron,                 63 

of  peroxide,  are  not  pure,  but  contain  a  mix-  sulphur,            37 

ture  of  scorias,  evinced  by  the  jelly  which  The  persulphuret  is  the  cubic  iron  pyrites 

they  form  with  acids.     Tlie  density  of  these  of  the  mineralogist. 

scales  is  about  3.5 ;  whence  he  infers  that  The  mean  of  Mr  Hatchett*s  celebrated  ex- 
they  cannot  be  composed  of  deutoxide  and  periments  on  pyrites,  published  in  the  Phil, 
metallic  iron ;  that  of  the  former  being  4i.7,  Trans,  for  1804^  gives  of  iron,  100 
and  of  the  latter  7.5.^-^fin.  rf«  C%tm.  xxviL  sulphur,  113 
19.  .  5.  Phosphuretofiron.  Hiis  may  be  made 
44h,  Hie  red  oxide.  It  may  be  obtained  by  calcining  4  parts  of  phosphate  of  iron  and 
by  igniting  the  nitrate,  or  carbonate ;  by  cal-  .  1  of  lampblack  in  a  covered  crucible.  It 
cining  iron  in  open  vessels ;  or  simply  by  -has  a  shining  aspect,  of  a  greyish-blue  tint 
treating  the  metal  with  strong  nitric  add,  -like  iron,  and  a  granular  fracture ;  it  melts 
ihen .  washing  and  drying  the  residuum,  at  the  blowpipe,  and  becomes  covered  during 
Colcothar  of  vitriol,  or  thoroughly  cal-  the  fusion  with  a  black  slag  of  phosphate, 
cined  copperas,  may  be  considered  as  per-  It  does  not  act  on  the  magnetic  needle ;  re- 
oxide  of  iron.  It  exists  abundantly  native  in  mains  unchanged  in  the  air ;  is  not  affected 
the  red  iron  ores.  .It  seems  to  be  a  com-  by  nitric  acid,  except  it  be  strong  and  hot ; 
pound  of  iron,  100  and  is  decomposable  by  charcoal.  When  an 
oxygen,                43  excess  of  charcoal  is  mixed  with  the  phos- 

2.  Chlorida  of  iron ;  of  which  there  are  phate  of  iron  in  preparing  the  phosphuret,  a 
two,  first  examined  in  detail  by  Dr  John  mixture  of  carburet  and  phosphuret  of  iron 
Davy.  is  obtained ;  compounds  which  may  be  easily 

The  protochloride  may  be  procured  by  separated  by  means  of  muriatic  acid,  which 
heating  to  redness,  in  a  glass  tube  with  a  dissolves  the  carburet,  but  leaves  the  phos- 
very  small  orifice,  the  residue  which  is  oh-  phuret  untouched.  This  phosphuret  con- 
tained by  evaporating  to  dryness  the  green  tains  23. 19  per  cent  of  phosphorus, 
muriate  of  iron.  It  is  a  fixed  substance,  re-  6.  Carburets  of  iron.  Ibese  compounds 
quiring  a  red  heat  for  its  fusion.  It  has  a  form  steel,  and  probably  cast-iron ;  though 
greyish  variegated  colour,  a  metallic  splen-  the  latter  contains  also  some  other  ingredi- 
dour,  and  a  lamellar  texture.  It  absorbs  ents.  Hie  ktest  practical  researches  on  the 
chlorine  when  heated  in  this  gas,  and  be-  constitution  ofthese  carburets  are  those  of  Mr 
comes  entirely  converted  into  the  volatile  Daniell,  M.  Berzelius,  and  M.  Karsten.  For 
deutochloride.  It  consists,  by  Dr  Davy,  of  the  last,  see  the  Annak*  det  Mines,  ix.  657. 
Iron,  46.57  A  mass  of  steel  just  taken  from  the  cru- 
Chlorine,       53.43  cible  in  which  it  had  been  fused,  was  sub- 

The  deutochloride  may  be  formed  by  the  jected  to  the  action  of  muriatic  add.     It  was 

combustion  of  iron  wire  in  chlorine  gas,  or  of  a  radiated  texture.     When   withdrawn 

by  gently  heating  the  green  muriate  in  a  from  the  solvent,  it  presented  a  highly  crya- 

glass  tube.     It  is  the  volatile  compound  de-  talline  arrangement,    composed  of  minute 

scribed  by  Sir  H.  Davy  in  his  celebrated  brilliant  plates.     A  bar  of  steel  of  an  even 

Bakerian  lecture  on  oxymuriadc  add.     It  granular  fracture  being  broken  into  two,  the 

condenses  after  sublimation,  in  the  form  of  pieces  were  heated  in  a  furnace  to  a  cherry<- 

small  brilliant  iridescent  plates.  red.     In  this  state  one  of  them  was  plunged 

It  consists,  by  Dr  Davy,  of  iron,        35. 1  into  cold  water,  and  the  other  allowed  to 

chlorine,  64u9  cool  gradually  by  the  slow  extinction  of  the 

3.  For  the  iodide  of  iron,  see  Iodine.  fire.     They  were  then  both  placed  in  muri- 
4u  Sulphurets  of  iron  ;  of  which  only  two  .atic  acid,  to  which  a  few  drops  of  nitric  add 

are  usually  described,  the  protosulphuret  and  had  been  added.      The  softened  piece  of 

persulphuret.  steel  was  readily  attacked ;  but  it  required  a 

Dr  Hare,  of  PhiUdelphia,  says,,  that  if  a  period  five  times  greater  to  saturate  tlie  add 

'gun4mrrel  is  heated  red  at  the  butpcnd,  and  .  with  th«  hard  piece.     When  the  solvent  ba^ 
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to  wet  OQ  bothy  dwy 

Hie  hard  ited  wm  txmdm^  brittit ;  ks  Mequifo  the  aKotaivc 

luffiicc  WW  oofcrcd  with  sohII  ovitiflft  19m  powerftil  agenli  to  dcoompoae  it^ 

wonft-citea  wood,  hot  its  tntme  wm  rerf  ailoy  did.     Ihe  colour  of  this 

eompoct,  and  not  at  all  striated.     Tbeoihcr  was  that  of  oommooaleeL 

piece  wat  inriartic  and  flexible,  and  ptCMOt-  The  qtiaiifirift  of  the  cumpoueut 

ed  a  fibrous  and  watvy  texttue.     On  this  however,  of  thn  alloy,  dificred  very 

tcKtore  the  exedleoce  of  iron  for  "»tr'*p»'f^  ally  from  those  of  the  purified  caiburet  ob> 

purpoaei  is  known  to  depend ;  and  the  parts  tained  from  cast  iron.     Hie  Ibraier 

not  fibrous  aro  thrown  off  by  the  procesM*  &om  the  proportions  of 

of  puddling  and  hammering.     By  cutting  Iron,           86.3  to  96.1 

the  iron  ban  into  short  pieoes  rspealcdly,  SiBciaB,      9.8        2.2 

^ring  them  in  bundles^   and  welding  tbem  Carbon,        &3        1.6 

together,  a  similar  interlacement  of  filircs  is  Hie  artificial  compound  was  highly 

giren  to  this  raluable  metal,  as  to  flax  and  nctical,  while  the  triple  carburet  is  not.    Bfr 

hemp  by  carding  and  spinning.     May  not  Daniell,  in  examining  by  solution  in  add  a 

the  superior  quality  of  the  Damascus  sword  cube  of  grey  cast-iron,  obtained 


blades,  which  b  still  a  problem,  asys  Mr     spongy  substance^  untouched  by  the 
Daniell,  to  our  maouftcturers,  be  owing  to     struum.     It  wan  easily  cut  off  by  a  kmie  ; 


some  such  management?     A  spedmen  of  had  a  dark  grey  colour  somewhat  i 

tohiU  eoit-irorh  of  a  radiated  fracture,  took  plumbi^ ;  and  when  placed  in 

just  three  times  as  long  to  satunrte  a  given  quantify  in  blotting  paper  to  dry,  it 

portion  ci  add,  as  a  cube  of  grey  casidnnf  neously  heated,  ignited,  and  scorched  the 

or  a  mass  of  bar4nn.     Its  texture,  after  this  paper.     Its  properties  were  not  impaiicd  by 

action,  appeared  to  be  composed  of  a  con-  bdng  left  lor  weeks  in  the  solution  of  iro^ 

gerics  of  plates,  aggregated  in  various  posi-  or  in  water.     After  a  series  of  elalwiale  a»> 

tions,  sometimes  produdng  stars  upon  the  alytical  experiments^  Mr  DanieQ  inlen  tke 

surface,  ftom  the  intersection  of  thdr  edges,  composition  of  this  cast-iron  to  bc^ 

A  small  bar  of  cold  Bhort-iron,  exceedingly  Iron,                   84i.66 

brittle,  and  presenting  in  its  fracture  bright  p           matter  15  34  5  ''^'              10L43 

and  polisbed  snrfiices  resembling  antimony,  ^            '            (  double  carbur.  ^91 

after  the  action  of  the  add  proved  to  be  fibrous.  ■" 

A  rod  of  hot  thort'iron  presented,  at  the  end  15.34 

of  the  operation,  a  dosely  compacted  mass  And  100  grains  of  the  double  carburet  of 

of  very  small  fibres,  perfectiy  continuous,  iron  and  silex,  upon  an  average  of  5 


Hie  congeries  was  twisted,  but  the  threads  ments,  gave  the  following  results  :-* 

In  decomposing  by  heat  alone  several  of  of  iron,  )        ' 

the  feiToprussiates,  M.  fierzelius  found  resi-  Silex,              22.3=:20.6oxideofsilidum? 

duums  in  the  retorts,  which  were  atomic  Carbon,          51.4ss51.4 

compounds  of  carbon  and  iron.     Hiese  he  -— —     — «- 

named  carburets,  bicarburets,   tricarfourets,  I0<l.9    100.0 

and  quadricarburets,  the  last  being  the  most  Hie  composition  of  steel  is  also  very  varia. 

Arequent  combination.      As  his  equivalent  able.     According  to  M.Vauqttelin,  the  carboK 

number  for  iron  is  nearly  the  double  of  that  forms  l-140tb  part  on  an  average.     By  e»- 

adopted  above,  his  quadricarburet  will  be  a  closing  diamonds  in  cavities  of  soft  iron,  and 

compound  of  carbon  3  -(-  >ron  7 ;  or  it  will  igniting,  the  former  disappeared,   and  the 

be  our  bicarburet,  carbon  1.5  -}-  iron  3.5.^  inner  surface  of  the  latter  was  converted  into 

jinn,  de  CAtm»  et  de  Phyiu  xv.  144.  or  Annals  steel.     M.  Clouet  makes  the  carbon  in  caat- 

rf  Phil.  i\r.  S.  i.  446.  iron  ss  •§  of  the  whole  weight.     But  Bcrse- 

MM.  Beraelius  and  Stromeyer  produced  a  lius  makes  the  latter  spedes  a  very  complei. 

compound,  which  they  consider  as  a  combi-  compound.     A  specimen  of  very  pore 

nation  of  iron,  carbon,  and  silidum.  Hiey  iron  analysed  by  him,  yielded, 
mixed  into  a  paste  with  gum  or  linseed  oil, 
very  pure  iron,  silex,  and  charcoal,  and  heat- 
ed the  mixture  very  intensely  in  a  covered 
crudble.  Hiey  inferred,  that  siUdum,  in 
the  metallic  or  inflammable  state,  existed  in 
the  product,  because  the  sum  of  Uie  iron  and 

silex  extracted  from  the  alloy,  very  sensibly  100.00 

exceeded  the  total  wdght  of  the  alloy ;  be-  Mr  Mushet  has  inserted  in  several  volumes 

cause  the  alloy  gave' a  much  greater  quantity  of  the  Phil.  Magasine,  many  excellent  papers 

of  hydrogen,  with  muriatic  add,  than  the  on  the  manufacture  and  habitudes  ef  iron.   In 

htm  alone  which  it  confesined  would  have  the  5th  volume  of  the  Manchester  Memoirs, 

afibtded ;  and  because  there  is  no  known  a  good  account  of  the  process  used  at  Sbcf- 


Iron, 

90.80 

Silidum, 

a50 

Magnesium, 

0l20 

Manganese, 

4.57 
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Md  fan  oonvertisg  caiuifon  into  pur»  iroi^  »  vi«w  to  improre  cttttiag  iofCnuiMiitt  aad 

and  pure  ifon  into  steel,  hat  been  publiabed  reflecting  mirron,  have  been  lately  made  ia 

by  Mr  Joseph  Collier.      He  has  given  a  the  labcuratoi^  of  the  Royal  Institution,  of 

drawing  of  the  steel  furnace  of  cementation,  which  an  account  is  inserted  in  the  18th  nuna- 

I  regret  that  the  limits  of  this  work  prevent  ber  of  the  Jouma  of  Science, 

me  from  transcribing  their  valuable  commu^  Alloys  of  steel  with  platinum,  rhodium, 

nications.    I  shall  merely  annex  Mr  Mushet's  gold,  and  nickel,  may  be  obtained  when  the 

table  of  the  proportions  of  carbon  correspond-  heat  is  sufficiently  high.    This  is  so  remark* 

iag  to  different  carburets  of  iron.    See  SoTEfil*  able  with  platinum,  that  it  will  fuse  when  in 

ri-K  Soft  cast  steel.  contact  with  steel,  at  a  heat  at  which  the  steel 

1     ^     _           /  .',  itself  is  not  affected. 

•rs-Tc  Common  cast  steel.  mu 

^°°  There  are  some   very  cunous  circum- 

^S^  The  same,  but  harder.  stances  attending  the  alloy  of  silver.      If 

■^  The  same,  too  hard  for  drawing.  steel  and  silver  be  kept  in  fusion  together 

^  White  cast-iron.  for  a  length  of  time,  an  alloy  is  obtained, 

*    Mottled  cast-iron.  ^*»*ch  appears  to  be  very  perfect  while  the 

»    TO««v  —.1.  ;*»n  metals  are  in  the  fluid  state,  but  on  solidilr- 

-JL.  Black  cast-ut)n.  j       i«         i  u  i       *            m 

77  jog  and  cooling,  globules  of  pure  silver  are 

Graphite  or  plumbago  is  also  a  carburet  of  axpressed  from  &e  mass,  and  appear  on  the 

iron,  containing  about  10  per  cent  of  metal,  surface  of  the  button.     If  an  alloy  of  this 

which,  calling  the  prime  of  iron  1.75,  makes  kind  be  foiged  into  a  bar,  and  then  dissected 

it  a  compound  of  21  primes  of  carbon  to  1  of  by  the  action  of  dilute  sulphuric  add,  the 

aftetal.  silver  appears,  not  in  combination  with  the 

Pure  iron  becomes  instantly  magnetic  when  ateel,  but  in  threads  throughout  the  mass; 
presented  to  a  magnetic  bar;  and  as  speedily  ao  that  the  whole  has  the  appearance  of  a 
iostt  ita  magnetism  when  the  bar  is  with^  bundle  of  fibres  of  silver  and  steel,  as  if  they 
drawn.  Ita  coercive  power,  in  resisting  the  bad  been  united  by  welding.  The  appear- 
decomposition  or  recomposition  of  the  aus-  ance  of  these  silver  fibres  is  very  beautiful; 
tral  and  boreal  magnetisms,  is  extremely  they  are  sometimes  one-eighth  of  an  inch  In 
feeble.  But  when  iron  is  combined  with  length,  and  suggest  the  idea  of  giving  me> 
oxygen,  carbon,  sulphur,  or  phosphorus,^  it  cfaanical  toughness  to  steel,  where  a  very 
acquires  the  magneto-coerdve  virtue,  which  perfect  edge  may  not  be  required.  The  most 
attains  a  maximum  of  force  with  certain  interesting  result  is  the  following  :'~»When  1 
proportions  of  the  constituents,  hitherto  un-  of  silver  and  500  steel  were  properly  fused 
determined.  Mr  Hatchett  is  the  only  che-  together,  a  very  perfect  button  was  pro- 
mist  who  has  adverted  to  this  subject  in  a  duced :  no  silver  appeared  on  ita  surface ; 
pbilosopbicalmanner.—*' Speaking  generally  when  forged,  and  dissected  by  an  add,  no 
of  the  carburets,  sulphurets,  and  phosphureta  fibres  were  seen,  although  examined  by  a 
of  iron,  I  have  no  doubt,"  says  he,  **  but  that,  high  magnifying  power.  The  specimen 
by  accurate  experiments,  we  shall  find,  that  forged  remarkably  well,  although  very  haid; 
a  certain  proportion  of  the  ingredienta  of  it  had,  in  every  respect,  the  most  favourable 
each  constitutes  a  maximum  in  the  mag-  appearance.  By  a  delicate  test,  every  part 
netkal  power  of  these  three  bodies."  of  the  bar  gave  silver.     This  alloy  is  decid- 

The  most  useful  alloy  of  iron  is  that  with  edly  superior  to  the  very  best  steel,  and  this 

tin,  in  tin-plate.     The  surface  of  the  iron  excellence  is  unquestionably  owing  to  com- 

plates  is  cloined,  first  by  steeping  in  a  crude  bination  with  a  minute  portion  of  silver.    It 

bran-vinegar,  and  then  in  dilute  sulphuric  has  been  repeatedly  made,  and  always  with 

add;  after  which  they  are  scoured  bright  success.     Various  cutting  tools  have  been 

with  hemp  and  sand,  and  deposited  in  pure  made  from  it  of  the  best  quality.     Mr  Sto* 

water,  to  prevent  oxidation.    Into  a  pot,  con-  dart,  a  very  eminent  cutler,  assisted  at  these 

taining  equal  pans  of  grain  and  block-tin  in  experiments,  which  must  give  the  public  con- 

a  state  of  fusion,  covered  with  tallow,  the  iron  fidence  in  their  practical  results, 

plates  are  immersed  in  a  vertical  direction.  Equal  parts,  by  weight,  of  platinum  and 

having  been  previously  kept  for  about  an  hour  steel,  form  a  beautiful  alloy,  which  takes  a 

in  mdted  tallow.     From  300  to  400  plates  fine  polish,  and  does  not  tarnish :  the  colour 

are  tinned  at  a  time :  each  parcel  requires  an  b  the  finest  imaginable  iat  a  mirror.     The 

hour  and  a  half  for  mutual  incorporation  of  sp.  gr.  of  this  beautiful  compound  is  9.862. 

the  metals.     After  lifting  out  the  tinned  The  proportions  of  platinum  that  appear  to 

plates,  the  striae  are  removed  from  tbdr  sup*  improve  steel  for  edge  instrumenta  are  from 

faces,  and  under  edges,  by  subsequent  ira-  1  to  3  per  cent     While  an  alloy  of  10  plati- 

mersion  in  melted  tin,  and  then  in  melted  num  with  60  steel,  after  lying  many  montha 

tallow,  wiping  the  surfiKCS  at  the  same  time  exposed,  had  not  a  speck  6n  ita  surface,  an 

with  a  hempen  brush.  alloy  of  10  nickel  with  80  platinum  was  in 

Very  curious  and  instructive  experimento  the  same  dreumstances  covered  with  rust, 

on  the  alloys  of  atcd  with  several  metalsy  with  Tlie  alloys  of  steel  with  rhodium  would 
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pfDVi'highly  Taluable,  were  it  not  for  the 
8cait%  of  the  latter  metaL 

Mcesrt  Stodort  and  Faraday,  in  a  new 
meoMir  on  these  alloys,  published  in  the 
Fhil.  Trans,  for  1822,  part  ii.  obeenre,  that 
wbea  pure  iron  is  subatituted  for  steel,  the 
alloya  so  formed  are  much  less  subject  to 
oxidation :  3  per  cent  of  iridium  and  osmi- 
um* .fused  with  pure  iron,  gave  a  button, 
which,  when  forged  and  polished,  was  ex- 
posed, with  many  other  pieces  of  iron^  steel, 
and  alloys,  to  a  moist  atmosphere :  it  was  the 
last  of  all  in  showing  any  rust.  The  colour 
<if  this  compound  was  distinctly  blue;  it 
had  the  property  of  becoming  harder  when 
heated  to  reidness,  and  quenched  in  a  cold 
fluid.  On  obsenring  this  steel-like  charac- 
ter, they  suspected  the  presence  of  carbon : 
none,  however,  wm  found,  although  it  was 
carefiilly  looked  for.  •  It  is  not  improbable 
that  there  may  be  other  bodies  besides  char- 
coal, capable  of  giving  to  iron  the  proper- 
ties «<f  steel ;  and  though  they  cannot  agree 
with  M.  Boussing&ult,  when  he  would  re- 
place carbon  in  steel  by  silica  or  its  base, 
they  think  his  experiments  very  interesting 
on  this  point,  which  is  worthy  of  farther  ex- 
jumination.  Hie  editor  of  the  Journal  of 
Science,  in  commenting  on  the  above  alloys, 
considers,  that  "  a  bar  of  the  best  ordinary 
steel,  selected  with  precaution,  and  most  care- 
fully forged,  wrought,  and  tempered  under 
the  immediate  insjjeclion  of  the  matter,  would 
afford  cutting  instruments  as  perfect  and  ex- 
cellent as  those  composed  of  wootz  or  of  the 
alloys.'*— ./btiniaA  xiv.  37a 

There  is  a  species  of  steel  made  in  India, 
called  loools,  possessed  of  excellent  qualities, 
which  seems  to  have  been  successfully  imi- 
tated in  these  late  experiments  at  the  Royal 
-Institution.  In  a  previous  number  of  the 
same  Jounial,  (14th),  Mr  Faraday  had  de- 
tailed a  minute,  and  apparently  a  very  ac- 
curate analysis,  operated  on  a  pa^  of  one  of 
the  cakes  of  woots  presented  by  the  Right 
Hon.  Sir  Joseph  fiankes  to  Mr  Stodart 
460  grains  gave  0.3  of  a  grain  of  silex, 
0.6  of  a  grain  of  alumina.  420  grains 
of  the  best  English  steel,  furnished  by  Mr 
Stodart,  afforded  no  earths  whatever.  It 
is  highly  probable,  that  the  much  admired 
si^res  of  Damascus  are  made  from  this 
steel ;  and  if  this  be  admitted,  there  can  be 
litUe  reason  to  doubt,  that  the  damask  it- 
self is  merely  an  exhibition  of  crystallization. 
Wootz  requires  for  tempering  to  be  heated 
fully  40°  F.  above  the  best  English  cast 
steel ;  and  affords  a  iiner  and  more  durable 
edge. 

When  soft  steel  is  ignited  to  a  cherry-red, 
and  suddenly  plunged  in  cold  water,  it  is 
rendered  so  hard  as  to  resist  the  file,  and 
nearly  as  britUe  as  glass.  The  tempering  of 
steel  consists  in  reducing  this  excessive  hard- 
ness to  a  modemte  degree,  by  a  genUe  heat- 


ing, which  abo  restoraa  its  toaghneas 
elasticity.  In  the  year  1789,  Mr  Haitfej 
•obtained  a  patent  for  a  mode  of  tempeiijig 
cutting  instruments  of  steel,  by  immenioB 
in  oil  heated  to  a  regulated  temperature^ 
measured  by  a  thermometer.  This  was  cer- 
tainly a  great  improvement,  both  in  point  of 
precision  and  despatch,  on  the  conmion  me- 
thod of  beating  the  instrument  over  a  flamc^ 
till  a  certain  colour,  produced  by  a  film  of 
oxide,  appears  on  its  surface.  These  cc^ 
lours  are. 

At  430^  F.  a  very  faint  ydlow,  for  lancets. 
450  a  pale  straw-colour  for  raaotB 

and  surgeons'  instrumenta. 
470  a  full  yellow  for  penknives. 

490         a  brown  colour,  for  sdssan  and 

chisels  for  cutting  old  iron. 
510  a  brown,  with  purple  spots,  for 

axes  and  plane-irons. 
530         a  purple,  for  table-knives  and 

large  shears. 
550  a  bright  blue,  for  swords,  watcb- 

springs,   truss-springs,    and 
bell-springs. 
560         a  full-blue,  for  small  fine  sawi^ 

daggers,  &c 
600  dark-blue,  verging  on  black,  ia 

the  sofiest  of  all  tiie  grada- 
tions, when  the  metal  be- 
comes fit  only  for  hand  and 
pit^saws,  which  must  be  ao^ 
that  their  teeth   may   bear 
sharpening  by  the  file,  and 
setting  by  the  hammer,  or 
pliers. 
If  the  steel  be  heated  still  further,  it  be- 
comes  perfectly  soft     When  tools  having  a 
thick  back  and  thin  edge^  like  penknives^ 
are  to  be  tempered,  they  are  placed  with 
their  backs  on  a  plate  of  hot  iron  or  on  hot 
sand  ;  otherwise  they  would  become  too  soft 
at  the  edge,  before  the  backs  would  be  suffi- 
denUy  heated.     To  prevent  warping  of  long 
blades,  or  bare  for  magnets,  they  are  gene- 
rally hardened  by  being  plunged  vertically 
into  water.     It  is  evident,  that  melted  pew- 
ter, covered  with  grease,  may  be  used  instead 
of  -hot  oil  for  tempering  steel ;  the  heat  be- 
ing regulated  by  a  thermometer. 

*<  Some  recent  experiments,  proving  that 
steel  for  certain  uses  is  suflBcientiy  tempered 
long  before  it  is  heated  to  produce  any 
change  of  colour,  promise  to  give  additional 
value  to  this  process  by  a  thermometer.  The 
knife-edges  attached  to  the  pendulum  de- 
scribed by  Captain  Kater,  (Phil.  Tians.  1818, 
p.  38),  were  foiged  by  Mr  Stodart  from  a 
piece  of  fine  wootx.  Hiey  were  carefully 
hardened  and  tempered  in  dbe  bath  at  430^ : 
on  trial  they  were  found  too  soft  They 
were  a  second  time  hardened,  and  then  heat- 
ed to  212^  F.  The  intention  was  to  increase 
the  heat  from  that  point,  trying  the  temper 
at  th^  advice  of  alxmt  every-  ten  degrees. 
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In  tfae>  preient  instance  this  was  not  ^neces-  rently,  into  earbuRttcd-bydrogeny  wafter,.and: 
sary,  the  heat  of  boiling  water  proving  to  bydrocjanate  of  amrnonia,  which  come  over; 
be  the  exact  point  at  which  the  knife  edges  while  a  mixture  of  charcoal  and  oxide  of  iron 
were  adonrsbly  tempered.  It  is  highly  pro-  remains  in  the  state  of  pulverulent  pyro- 
bable  that  steel,  for  many  uses,  may  be  suf-  phorus,  ready  to  become  inflamed  with  con- 
fidently tempered  in  a  range  so  extensive  as  tact  of  air.  I  have  already  considered  the 
from  812^  to  230* ;  and  by  the  thermo-  constitution  of  prussian  blue,  in  treating  of 
meter,  all  the  intervening  degrees  may  cer-  the  Acid  (Ferroprussic)  ;  and  have  little 
tainly  be  ascertained.**— iTraiuie**  Manualf  fiurther  to  add  to  what  is  there  stated. 
u,  132*  When  sulphuric  add  is  added  to  prussian 
III.  Salt*  of  IrtfH,  blue,  it  makes  it  perfectly  white,  apparently- 
These  salts  have  the  following  general  cha-  by  abstracting  its  water ;  for  the  blue  colour 
meters :-»  returns  on  dilution  of  the  add,  and  if  the 

1.  Most  of  them  are  soluble  in  water :  strong  add  be  poured  off,  it  yields  no  traces- 
those  with  the  protoxide  for  a  base  are  gene-  of  dther  pnissic  add  or  iron.  On  submit-' 
rally  ciystallizable ;  those  with  the  peroxide  ting  pure  prussian  blue  for  some  time  to  the* 
are  generally  not :  the  former  are  insoluble,  action  of  sulphuretted  hydrogen  water,  small- 
the  latter  soluble  in  alcohol.  brilliant  crystals  of  a  yellowish  colour  ap- 

2.  Fenroprussiate  of  potash  throws  down  peered,  which  became  blue  in  the  air,  and- 
a  blue  predpitate,  or  one  becoming  blue  in  were  protoprusdate  of  iron. 

the  air.  14^  FrologaUtUe^  colourless,  soluble. 

3.  Infusion  of  galls  gives  a  dark  purple  15.  PergoUste,  purple,  insoluble, 
predpitate,  or  one  becoming  so  in  the  air.  16.  Protomuriate,  green  crystals,  very  so- 

4.  Hydrosulphuret  of  potash  or  ammonia  luble. 

gives  a  black  predpitate ;  but  sulphuretted  17.  Ptrmuriate,  brown,   uncrystallisable^ 

hydrogen  merely  deprives  the  solutions  of  very  soluble.     See  the  chlorides  of  iron  pre- 

iron  of  their  yellow-brown  colour.  viously  described. 

5.  Phosphate  of  soda  gives  a  whitish  pre-  18.  ProtonitrtUe,  pale  green,  soluble, 
cqiitate.  19.  Pemitrate,  brown,               da 

6.  Bensoate  of  ammonia,  yellow.  20.  Protoxalale,  green  prisms,  do. 

7.  Sucdnate  of  ammonia,  flesh-coloured  21.  Perotalate,  ydlow,  scarcely  soluble.  ■ 
vrith  ifae  peroxide.  22.  Protophotjthaiet  blue,  insoluble. 

1.  Protacetate  t(f  iron  forms  small  pris-  23.  Perphoaphate,  white^       do. 

matic  crystals,  of  a  green  colour,  a  sweetish  .  24.  Protosuccinate,  brown    crystals,    so-' 

styptic  taste,  and  a  sp.  gr.  1.368.  luble. 

2.  Peracetate  of  iron  forms  a   reddish-  .  25.  Persuccinate,  brownish-red,  insoluble, 
brown  uncrystallizable  solution,  much  used  •  26.  Proiattdphate,  green  vitriol,  or  cop- 
by  the  calico-printers,  and  prepared  by  keep-  peras.      A  sulphate  of  protoxide  of  iron, 
ing  iron  turnings,  or  pieces  of  old  iron,  for  vrithout  admixture  of  peroxide,  may  be  ob-- 
six  months  immersed  in  redistilled  pyrolig-  tained  by  putting  the  metal  into  an  aqueous  - 
nous  acid.     See  Acn>  (Acetic).  sulphurous  add,   and  letting  them  remain  • 

3.  ProtartenUue  of  iron  exists  native  in  together  for  some  time  out  of  contact  of  air. 
crystals,  and  may  be  formed  in  a  pulverulent  Ferrocyanate  of  potash  throws  down  from 
state,  by  pouring  arseniate  of  ammonia  into  that  sulphate  of  iron,  -a  perfectly  white  pro- 
sulphate  of  iron.  It  is  insoluble,  and  con-  toferrocyanate.  It  is  generally  formed  by 
sists,  according  to  Chenerix,  of  38  add,  43  exposing  native  pyrites  to  air  and  moisture, 
oxide,  and  19  water,  in  100  parts.  when  the  sulphur  and  iron  both  absorb  oxy- 

4.  Perarseniate  of  iron  may  be  formed  by  gen,  and  form  the  salt.     Hiere  is,  however, 
pouring  arseniate  cMf  ammonia  into  peracetate  an  excess  of  sulphuric  acid,  which  must  be 
of  iron ;  or  by  boiling  nitric  add  on  the  prot- .  saturated  by  digesting  the  lixivium  of  the . 
arseniate.     It  is  insoluble.  decomposed  pyrites  with .  a  quantity  of  iron 

5.  ^ntiwumiate  of  iron  is  white,  becoming  plates  or  turnings. 

jdlow,  insoluble.  It  forms  beautiful  green  crystals,  which  • 

6.  BaraUy  pale  yellow,  insoluble.  are  transparent  rfaomboidal   prisms,   whose 

7.  Benzoaie,  yellow,  insoluble.  faces  are  rhombs  with  angles  of  79^  50^  and  • 

8.  Prutocarbonatet  greenish,  soluble.  100°  lO',  inclined  to  each  other  at  angles  of. 

9.  Perearbonate,  brown,  insoluble.  98^  37'  and  8F  23'.     Sp.  gr.  1.84.     Its 
.   10.  Chromate,  blackish,         do.  taste  is  harsh  and  styptic.     It  reddens  vege^ 

11.  ProtocilraU,  brown,  crystals  soluble.  table  blues.     Two  parts  of  cold  and  three- 

12.  Protoftrroprussiate,  white^  insoluble.  fourths  of  boiling  water  dissolve  it.     It  does 

13.  Perfirroprutriate,  blue,           do.  not  dissolve  in  alcohol.     Exposure  to  air 
This  constitutes  the  beautiful  pigment  call-  converts  the  sur&ce  of  the  crystals  into  a 

ed  iMussian  blue.     When  exposed  to  a  heat  red  deutosulphate.    A  modovte  heat  whitens 

of  about  400°,  it  takes  fire  in  the  open  air ;  it,  by  separating  the  water  of  crystallization ; 

but  in  close  vessels  it  is  decomposed,  appa^  and  a  stronger  heat  drives  off  the  sulphuric 
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•cuL  Its  oonstituenu  are,  28.9  add,  S8.3 
protoxide,  and  45  water,  aocording  to  Berw 
xelius* 

27.  Persulphate,  Of  this  salt  there  seems 
to  be  four  or  more  Tarielies,  having  a  ferreous 
tMse. 

The  tartrate  and  pertartrate  of  iron  may 
also  be  formed;  or,  by  digesting  cream  of 
tartar  with  water  on  iron  filings,  a  triple  salt 
may  be  obtained,  formerly  called  tartarized 
tincture  of  Mars.    See  Salt. 

Iron  is  one  of  the  most  valuable  articles  of 
the  materia  medica.  The  protoxide  acts  as 
a  genial  stimulant  and  tonic,  in  all  cases  of 
chronic  debility  not  connected  with  organic 
congestion  or  inflammation.  It  is  peculiarly 
efficacious  in  chlorosis.  It  appears  to  me 
that  the  peroxide  and  its  combinations  are 
almost  uniformly  irritating,  causing  heart- 
burn, febrile  heat,  and  qiudiness  of  pulse. 
Many  chalybeate  mineral  waters  contain  an 
exceedingly  minute  quantity  of  protocarbo- 
nate  of  iron,  and  yet  exercise  an  astonishing 
power  in  recruiting  the  exhausted  (Vame.  '  I 
believe  their  virtue  to  be  derived  simply  from 
the  metal  being  oxidised  to  a  minimum,  and 
diffused  by  the  agency  of  a  mild  acid  through 
a  great  body  of  water,  in  which  state  it  is 
rapidly  taken  up  by  the  lacteals,  and  speedily 
imparts  a  ruddy  hue  to  the  wan  countenance. 
I  find  that  these  qualities  may  be  imitated 
exactly,  by  dissolving  3  grains  of  sulphate  of 
iron,  and  61  of  bicarbonate  of  potash,  in  a 
quart  of  cool  water,  with  agitation,  in  a  close 


IRON-FLINT.  EeisenkieseL-^ITmitfr. 
Colours  brown  and  red.  Massive  and  crys- 
tallised in  small  equiangular  six-sided  prisms, 
acuminated  on  both  extremities.  It  occurs 
commonly  in  small  angulo-granular  distinct 
concretions ;  lustre  vitreo-resinoos ;  fracture 
small  conchoidal ;  opaque ;  gives  sparks  with 
steel ;  rather  difficultly  frangible;  sp.  gr.  2.6 
to  2.8;  infusible.  Its  constituents  are,  93.5 
silica,  5  oxide  of  iron,  and  I  volatile  matter. 
The  red  iron-flint  contains  21.7  oxide  of  iron, 
and  76.8  silica.  It  occurs  in  veins  in  iron- 
stone^  and  in  trap-rocks,  near  Bristol,  in  the 
island  of  Rathlin,  at  Dunbar,  and  in  many 
parts  of  Germany.-^>7ameson. 

IRON-ORE.     See  Oabs  of  Irov. 

ISATIS  TINCTORIA.  Hie  plant  used 
for  dyeing,  called  wood. 

ISERINE.  Colour  iron-bkck.  In  smaU 
obtuse  angular  grains;  lustre  splendent  or 
glistening,  and  metallic;  fracture  conchoidal; 
opaque;  harder  than  felspar;  brittle;  retains 
its  colour  in  the  streak ;  sp.  gr.  4.6.  It  melts 
into  a  blackisb-brown  glass,  which  is  slightly 
attracted  by  the  magnet.  Tlie  mineral  acick 
have  no  efllect  on  it,  but  oxalic  acid  extracts 
a  portion  of  the  titanium.  Its  constituents 
are,  48  oxide  of  titanium,  48  oxide  of  iron, 
and  4  uranium,  by  Dr  Thomson's  analysis  of 
the  iserlne  found  in  the  bed  of  the  river  Don 


in  Aberdeenshire  I  but,  by  Klaprotib,  H 
siats  of  28  oxide  of  titanium,  and  72  onda 
of  iron.  On  the  Continent  it  fans  biliicrtB 
been  found  only  in  the  lofly  iliesengcbii)gcw 
near  the  origin  of  the  stream  called  the  laer* 
disseminated  in  grsnite  sand ;  and  in  alluvial 
soil  along  with  pyrope  in  Bohemia.— ^osae^ 

ion* 

ISINGLASS.  This  substance  is  ahnoal 
wholly  gelatin ;  100  grains  of  good  dry  isiiii- 
glass  containing  rather  more  tlwn  98  of  mau 
ter  soluble  in  water. 

Isinglass  is  made  from  certain  flsh  found 
in  the  Danube  and  the  rivers  of  Muscovy. 
Willoughby  and  others  inform  us,  that  it  ia 
made  of  the  sound  of  the  beluga ;  and  Nefr. 
mann,  that  it  is  made  of  the  Huso  Gennano- 
rum,  and  other  fish,  which  be  has  frequeAtlj 
seen  sold  in  the  public  markets  of  Viemia. 
Mr  Jackson  remarks,  that  the  sounds  of  cod, 
properly  prepared,  afford  this  substance ;  aod 
that  the  lakes  of  America  abound  vriih  fish 
from  which  the  very  finest  sort  may  be  ob- 
tained. 

Isinglass  receives  its  different  shapes  in  tfan 
following  manner :— • 

The'  parts  of  which  it  is  composed,  parti- 
cularly the  sounds,  are  taken  from  the  flsfa 
while  sweet  and  fresh,  slit  open,  vrashed  front 
their  slimy  tordes,  divested  of  a  very  thin 
membrane  which  envelopes  the  sound,  and 
then  exposed  to  stiffen  a  little  in  the  air.  In 
this  state  they  are  formed  into  rdls  about  tfie 
thickness  of  a  finger,  and  in  length  according 
to  the  intended  sise  of  the  staple:  a  ihin 
xpembrane  is  generally  selected  for  the  centre 
of  the  roll,  round  which  the  rest  are  folded 
alternately,  and  about  half  an  inch  of 
extremity  of  the  roll  is  turned  inwards. 

Isinglass  is  best  made  in  the  sununer, 
frost  gives  it  a  disagreeable  colour,  deprif 
it  of  weight,  and  impairs  its  gelatinous  prin- 
ciples. 

Isinglass  boiled  in  milk  forms  a  mild  m^ 
tritious  jelly,  and  is  thus  sometimes  employed 
medicinally.  Hiis,  when  flavoured  by  the 
art  of  the  cook,  is  the  blanc-mangcr  of  our 
tables.  A  solution  of  isinglass  in  water,  with 
a  very  small  proportion  of  some  balsam, 
spread  on  black  sUk,  is  the  court«plaslcr  of 
die  shops. 

ISOPYRE.  A  new  mineral  species  de- 
scribed by  M.  Haidinger.  It  occurs  in  very 
pure  masses  of  considerable  sixe^  imbedded 
in  granite.  Fracture  conchoidal ;  lustre  ritie- 
ous ;  colour  greyish  or  velvet-black ;  streak 
pale  greenish-grey;  opaque;  britde;  acts 
slightly  on  the  msgnetic  needle;  bardnesa 
5.5  to  6 ;  sp.  gr.  2.912.  It  is  found  in  the 
West  of  Cornwall.  It  resembles  obsidian, 
or  even  some  varieties  of  iron  slag.  It  melts 
before  the  blowpipe.  According  to  Dr  Tur- 
ner's analysis,  isopyre  coasbts  of  siKca  47.09* 
alumina  13.91,  peroxide  of  iron  20.07,  lima 
15.43^  peroxide  of  copper  1.94. 
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I VORT.  Hie  toik,  or  tooth  of  defetice 
of  the  male  elephant  It  is  an  intennediate 
fliibitance  between  bone  and  horn,  not  capa- 
ble of  bdng  fofteoed  by  fire,  not  altogether 
10  bard  and  brittle  as  bone.  Sometinies  it 
grows  to  an  enormous  size,  so  as  to  weigh 
near  two  hundred  pounds. 

The  entire  tooth  is  of  a  yellowish,  brown- 
iih,  and  sometimes  a  dark  brown  colour  on 
the  outside,  internally  white,  hollow  towards 
the  root,  and  so  far  as  was  inserted  into  the 
jaw,  of  a  blackish-brown  colour.  The  finest, 
whitest,  smoothest,  and  most  compact  ivory 
comes  from  the  island  of  Ceylon.  Ihe  grand 
consumption  of  this  commo<tity  is  for  making 
ornamental  utensils,    mathematical    instru- 


ments, caiei,  bozes^  balls,  eombi^  dicc^  and 
an  infinity  of  toys.  The  workmen  have  me- 
thods also  of  tingeing  it  of  a  variety  of  co- 
lours. 

Merat  Guillot  obtained  from>  100  parts  of 
ivory,  24  gelatin,  64  phosphate  of  lime,  and 
0.1  carbonate  of  lime. 

The  coal  of  ivory  is  used  in  the  arts  under 
the  denomination  of  ivory  black.  Particular 
vessels  are  used  in  the  manufacture  of  this 
pigment,  for  the  purpose  of  rendering  it  per- 
fectly black. 

Some  travellers  speak  of  the  tooth  of  the 
sea-horse  as  an  excellent  ivory  ;  but  it  is  too 
hard  to  be  sawed  or  wrought  like  ivory.  It 
u  used  for  making  artificial  teeth. 


K 


KALI.     See  FOtash. 

KAOLIN.  The  Chinese  name  of  porce- 
lain day. 

KARPHOLITE.  A  yellow  mineral, 
which  occurs  in  thin  prismatic  concretions. 
Specific  gravity,  2.985. 

KARPHOSIDERITE.  A  new  mino- 
nl,  so  named  on  account  of  its  straw-yellow 
ooiour.  It  occurs  in  reniform  masses;  is 
shining  in  the  streak,  with  resinous  lustre ; 
hardness  4  to  4.5 ;  sp.  gr.  2.5 ;  feels  greasy ; 
mehs  into  a  globule  attractable  by  the  mag- 
net. It  contains  oxide  of  iron,  phosphoric 
add,  water,  with  small  quantities  of  oxide  of 
manganese  and  zinc.  It  has  a  great  resem- 
blance to  iron-dnter.  It  occurs  in  Green- 
land. 

KARSTENITE.  Prismatic  Gypsum  or 
Anhydrite. 

KEDRIA  TERRESTRIS.  Barbadoes 
tar.     See  BrruMEN. 

KELP.  Incinerated  sea- weed.  See 
Soda. 

KERATE.  The  third  mineral  order  of 
Mobs.     See  Mineralogy. 

KERMES  (coecut  Otcu,  lin.)  is  an  in. 
sect  found  in  many  parts  of  Asia,  and  the 
south  of  Europe. 

On  account  of  tfadr  figure^  they  were  a 
long  time  taken  for  the  seeds  of  the  tree  on 
winch  they  live;  whence  they  were  called 
grains  of  kermes.  They  also  bore  the  name 
<n  vcrmihon. 

To  dye  spun  worsted  with  kermes,  it  is 
first  boiled  half  an  hour  in  water  with  bran, 
then  two  hours  in  a  fresh  bath  with  one-fifth 
of  Roman  alum  and  one-tenth  of  tartar,  to 
which  tour  water  is  commonly  added ;  after 
which  it  is  taken  out,  tied  up  in  a  linen  bag, 
and  carried  to  a  cool  place,  where  it  is  left 
some  days.  To  obtdn  a  full  colour,  as  much 
kermes  as  equals  three-fourths,  or  even  the 
whole  of  the  wdgfat  of  the  wool,  is  put  into 
a  warm  bath,  and  the  wool  is  put  in  at  the 
first  boiling.     As  doth  is  more  dense  than 


wool,  either  spun  or  in  the  fleece,  it  requires 
one-fourth  less  of  the  salts  in  the  boiling,  and 
of  kermes  in  the  bath. 

The  colour  that  kermes  imparts  to  wool 
has  much  less  bloom  than  the  scarlet  made 
with  cochineal ;  whence  the  latter  has  gene- 
rally been  preferred,  since  the  art  of  height- 
ening its  colour  by  means  of  solution  of  tin 
has  been  known. 

KERMES  MINERAL.  See  Anti- 
mony. 

KIFFEKILL.    See  Meemcraum. 

KI LL  AS.  The  Cornish  miner's  name  for 
day-slate. 

KILLINITE.  A  mineral  of  a  light 
green  colour,  sometimes  tinged  brown  or  yel- 
low. Massive,  or  with  some  appearance  of 
prisms;  structure  lamelhir;  lustre  glimmer- 
ing; translucent;  yields  to  the  knife,  and  is 
easily  frsngible ;  sp.  gr.  2.698.  Its  consti- 
tuents are^  silica  52.49,  dumina  24.50,  lime, 
magnesia,  and  oxide  of  iron  0.5^  potash  5, 
oxide  of  iron  2.49,  oxide  of  manganese  0.75, 
water  A.^-^^Dr  Barker,  Before  the  blowpipe 
it  becomes  white,  swells,  and  melts  into  a 
white  enamel. 

It  was  discovered  by  Dr  Taylor  in  granite 
vdns  at  Killiney,  near  Dublin.  It  resem- 
bles spodumene  so  much,  that  the  dkdi  has 
been  suspected  to  be  lithia,  and  not  potash. 

KINATE  OF  LIME.  A  sdt  which 
forms  7  per  cent  of  cinchona.  See  Acid 
(KiNic). 

KINO.  A  few  years  ago  this  was  intro- 
duced into  our  shops  and  medicd  practice  by 
the  name  of  a  gum,-  but  Dr  Duncan  has 
shown  that  it  is  an  extract  It  contuns  dso 
a  spedes  of  tannin,  whence  it  is  used  as  an 
astringent  in  diarrhoeas. 

KLEBSCHIEFER.     Adhesive  slate. 

KNEBELITE.  A  mineral  of  a  grey 
colour,  spotted  with  dirty  white,  red,  or 
brown.  Massive ;  ^stening ;  fracture  im- 
perfiBCtly  conchoidd;  opaque,  hard,  brittle, 
and  difiScttltly  fungible;  sp.  gr.  3.714.    Its 
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constituents  are„  silidi  32,^-  protoxide  of 
iron  32.0,  protoxide  of  manganese  3A.-»Z><}- 
uCTttneTm 

KOLLYRITE.  A  white,  massive,  soft, 
and  light  mineral  which  feels  greasy,  and 
adheres  to  tlte  tongue.  It  becomes  trans- 
parent in  water,  and  falls  to  pieces.  It  con- 
sists of  14  silica,  45  alumina,  and  42  water.-^ 
Xiaproth.     It  occurs  in  porphyry  in  Hun< 

KONIGINE.  A  mineral  in  small  eme- 
rald, or  blackish-green,  translucent  crystals. 
It  resembles  BrockatUiUf  and  is  probably  a 


subsulpbate  of  copper.— J/.  Lev^f  vttJbmmU 
of  PhiL  xi.  194. 

KONITE.     See  Comitb. 

IILOUM1S&  A  vinous  liquid,  vhicfe  the 
Tartars  nuke  t^  fennenting  mave's  milk. 
Something  similar  is  pnpared  in  Orkney  and 
Shetland. 

KOUPHOLITE.  A  variety  of  pnbmlB 
Ibund  near  Bareges. 

KRAMERICACID.    See  AoD  (K&A- 

MERIC). 

KUPFER  NICKEL.     See  Nkkel. 


LABDANUM.  A  resin  of  a  species  of 
dstus  in  Candia,  of  a  blackish  colour.  The 
country  people  collect  it  by  means  of  a  staff, 
at  the  end  of  which  are  fastened  many  leather 
thongs,  which  they  gently  strike  on  the  trees. 
They  form  it  into  cylindrical  pieces,  which 
are  called  labdanum.  in  tortis.  It  is  greatly 
adulterated  by  the  addition  of  black  sand.  It 
has  been  used  in  cephalic  and  stomachic  plas- 
ters and  perfumes. 

LABORATORY.  A  place  properly 
fitted  up  for  the  performance  of  chemical 
.operations. 

As  chemistry  is  a  science  founded  entirely 
on  experiment,  we  cannot  hope  to  understand 
it  well,  without  making  such  experiments  as 
verify  most  of  the  known  fundamental  opera- 
tions, and  also  such  as  reasoning,  analogy, 
and  the  spirit  of  inquiry,  never  (ail  to  suggest 
to  those  whose  taste  and  suitable  talents  lead 
them  to  this  essential  part  of  experimental 
philosophy.  Besides,  when  a  person  himself 
observes  and  operates,  he  must  perceive,  even 
in  the  most  common  operations,  a  great  v». 
riety  of  small  facts,  which  must  necessarily 
be  known,  but  which  are  not  mentioned  either 
in  books  or  in  memoirs,  because  they  are  too 
numerous,  and  would  appear  too  minute. 
Lastly,  there  are  many  qualities  in  the  several 
agents,  of  which  no  just  notion  can  be  given 
by  writing,  and  which  are  perfecdy  well 
known  as  soon  as  they  have  been  once  made 
to  strike  our  senses. 

Many  people  think,  that  a  laboratory  level 
.with  the  ground  is  most  <  convenient,  for  the 
sake  of  water,  pounding,  washing,  &c.  It 
certainly  has  these  advantages ;  but  it  is  also 
subject  to  very  great  inconvenience  from 
moisture. 

Constant  moisture,  though  not  very  con- 
siderable and  sensible  in  many  respects,  is  a 
very  great  inconvenience  in  a  chemical  labo- 
ratory. In  such  a  place,  most  saline  matters 
become- moist  in  time,  and  the  inscriptions 
fall  off,  or  are  eflbced ;  the  bellows  rot ;  the 
metab  rust;  the  furnaces  moulder,  and  every 
thing  almost  spoils.  A  laboratory,  therefore, 
is  more  advantageously  placed  above  than 


below  the  ground,  that  it  may  be  as  dry  as 
possible.  The  air  must  have  free  aocesa  to 
it;  and  it  must  even  be  so  constructed,  that, 
by  means  of  two  or  more  opposite  openingsi, 
a  current  of  air  may  be  adwrittwi,  to  cany  off 
any  noxious  vapours  or  dust. 
.  In  the  laboratory  a  chimney  ought  to  be 
constructed,  so  high  that  a  person  may  casihr 
stend  under  it,  and  as  extensive  as  is  possible  ; 
that  is,  from  one  wall  to  another.  Tlie  fun- 
nel of  this  chimney  ought  to  be  as  higb>as  is 
possible,  and  sufficiently  contiacted  to  make 
a  good  draught  As  charcoal  only  is  burnt 
under  this  chimney,  no  soot  is  collected  m 
it ;  and  therefore  it  need  not  be  so  wide  na 
to  allow  a  chimney-sweeper  to  pass  up  into  it. 

Under  this  chimney  may  be  conattucted 
some  brick  furnaces,  particularty  a  niching 
furnace,  a  f umace  for  distilling  with  an  alena- 
bic,  and  one  or  two  ovens  like  those  in  kit- 
chens. Tlie  rest  of  the  space  ought  to  be 
filled  up  with  stands  of  different  heights,  froiD 
a  foot  to  a  foot  and  a  half,  on  which  portable 
furnaces  of  all  kinds  are  to  be  placed.  Ttieae 
furnaces  are  the  most  convenient,  from  the 
facility  of  disposing  them  at  pleasure ;  and 
they  are  the  only  furnaces  which  are  neces- 
sary in  a  small  laboratory.  A  double  pair  of 
bellows  of  moderate  size  must  also  be  placed 
as  commodiously  under  the  chimney,  or  aa 
near,  as  the  place  will  allow.  These  bcUows 
are  sometimes  mounted  in  a  portable  fraaie ; 
which  is  sufficiently  convenient,  when*  the 
bellows  are  not  more  than  eighteen  or  twenty 
inches  long.  ;  These  bellows  ought  to  have 
a  pipe  dir«:ted  toward  the  hearth  wheie  the 
forg^  is  to  be  placed. 

The  necessary  furnaces  are,  the  simple  fur- 
nace, for  distilling  with  a  copper  alembic ;  n 
lamp  furnace ;  two  reverberatory  furnaces  of 
different  sixes,  for  distilling  with  retoru  ;  an 
air  or  melting  furnace^  an  assay  furnaoe;  and 
a  forge  furnace. 

.  Under  the  chimney,  at  a  convenient  height, 
must  be  a  row  of  hooks  driven  into  the  back 
and  side  walls ;  upon  which  are  to  be  bung 
small  shovels;  iron  pans;  tongs;  strai^t, 
crooked,  and  circular  pincers ;  pokeis  i  iron 
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rodiy.  and  otber  utensils  for  disposing  the  their  pestles;  earthen,  stone^  metal,  and  ghna 

fuel  and  managing  the  crucibles.  Tessels  of  diiOPerent  kinds,  funnds,  and  men-. 

To  the  walk  of  the  laboratory  ought  to  be  sures. 
fastened  shelves  of  different  breadths  and  Some  white  writing  paper,  and  some  un-. 
heights ;  or  these  shelves  may  be  suspended  siaed  paper  for  filters ;  a  large  number  of 
by  hooks.  The  shelves  are  to  contain  glaas  cieao  straws,  eight  or  ten  inches  long,  for 
vessels,  and  the  products  of  operations,  an4  stirring  mixtures  in  glasass*  and  for  support- 
ought  to  be  in  as  great  a  number  as  is  pos-  ing  paper  filters  placed  in  glass  fnmela. 
sible.  In  a  laboratory  where  many  experi-  Glass  tubes  for  stirring  and  mixing  oan»> 
ments  are  made,  there  cannot  be  too  many  sive  liquors ;  T«»n^ft^  of  wood,  ivory,  metal. 


shelves.  and  gli 

The  most  convenient  place  for  a  stone  or         Thin  pasteboards,  and  horns,  very  conve- 

leaden  cistern,  to  contain  water,  is  a  comer  nient   for  collecting  matters  bruised  with 

of  the  laboratory,  and  under  it  a  sink  ought  water  upon  the  levigating  stone,  or  in  mor- 

to  be  placed  with  a  pipe,  by  which  the  wa-  tars ;  corks  of  all  sixes ;  bladders  and  linen 

ter  poured  into  it  may  discharge  itself.     As  strips  for  luting  vessels, 
the  vessels  are  always  cleaned  under  this  ds-         A  good  portable  pair  of  bellows ;  a  good 

tern,  cloths  and  bottle  brushes  ought  to  be  steel  for  sdiking  fire ;  a  glue-pot,  with  its 

hung  upon  hooks  fastened  in  the  walls  near  little  brush ;  lastly,  a  great  many  boxes,  of 

it.  various  sixes,   for  containing  most  of  the 

In  the  middle  of  the  laboratory  a  large  above-mentioned  things,  and  which  are  to  be 

table  is  to  be  placed,  on  which  mixtures  are  placed  upon  the  shelves, 
to  he  made,  preparations  for  operations,  so-         Besides  these  things,  some  substances  are 

lutions,  precipitations,  small  filtraiions ;  in  a  so  necessary  in  most  chemical  operations, 

word,  whatever  does  not  require  fire,  except-  that  they  may  be  considered  as  instruments 

ing  that  of  a  lamp.  requisite  for  the   practice  of  this  science. 

In  convenient  parts  of  the  laboratory  are  These  substances  are  called  reagents,  which 

to  be  placed  blocks  of  wood  upon  mats:  one  see  under  0&£s  (Analysis  of),  and  Wa- 

of  which  is  to  support  a  middle-sixed  iron  tbrs  (  Mineral). 

mortar ;  another  to  support  a  middle-sixed         All  metals,  which  ought  to  be  very  pure, 
marble^  or  rather  hard  stone  mortar ;  a  third         A  person  provided  with  such  instruments 

to  support  an  anvil.     Near  the  mortars  are  and  substances  may  at  once  perform  many 

to  be  hung  searces  of  different  sizes  and  fine-  chenucal  experiments, 
ness;  and  near  the  anvil  a  hammer,  files.         The  general  observations  of  Macquer  upon 

rasps,  small  pincers,   scissars,   shears,  and  the  conducting  of  chemical  processes  are  truly 

other  small  utendls,  necessaiy  to  give  metals  valuable  and  judicious.     Method,  order,  and 

a  form  proper  for  the  several  operations.  cleanliness,  are  essentially  necessary  in  a  che« 

Two  moveable  trestles  ought  to  be  in  a  mical  laboratory.     Every  vessel  toad  utensil 

laboratory,  which  may  serve  to  support  a  large  ought  to  be  well  cleansed  as  often  as  it  is 

filter  mounted  upon  a  frame,  when  it  is  re-  used,  and  put  again  into  its  place ;  labels 

quiied.   This  apparatus  is  removed  occasion^  ought  to  be  put  upon  all  the  substances, 

ally  to  tlie  most  convenient  place.  These  cares,  which  seem  to  be  trifling,  are 

Charcoal  is  an  important  article  in  a  labo-  however  very  fatiguing  and  tedious ;  but  they 

latory,  and  it  therefore  must  be  placed  within  are  also  very  important,  though  frequently 

reach ;  but  as  the  black  dust  which  flies  about  little  observed.     When  a  person  is  keenly 

it  whenever  it  is  stirred  is  apt  to  soil  every  engaged,    experiments  succeed  each  other 

thing  in  the  laboratory,  it  had  better  be  in  quickly :    some  seem  nearly  to  decide  the 

some  place  near  the  laboratory,  together  with  matter,  and  others  suggest  new  ideas ;  he 

some  furxe,  which  is  very  convenient  for  cannot  but  proceed  to  them  immediately,  and 

kindling  fires  quickly.     This  place  serves,  at  he  is  led  from  one  to  another:  he  thinks  he 

the  same  time,  fur  containing  bulky  things  shall  easily  know  again  tlie  products  of  the 

which  are  not  often  wanted ;   such  as  fur-  first  experiments,  and  therefore  he  does  not 

naces,  bricks,  tiles,  clay,  fire-clay,  quicklime,  take  time  to  put  them  in  order ;  he  prosecutes 

sand,,  and  many  other  things  necessary  for  with  eagerness  the  experiments  which  he  has 

chemical  operations.  last  thought  of;  and  in  the  mean  time,  the 

Irfistly,  a  middle-sized  table,  with  solid  vessels  employed,  tlie  glasses  and  bottles  fill- 
feet,  ought  to  be  enumerated  among  the  large  ed,  so  accumulate,  that  he  cannot  any  longer 
moveal)les  of  a  laboratory ;  the  use  of  which  distinguish  thetn ;  or,  at  least,  he  is  uncertain 
is  to  support  a  porphyry  or  levigating  stone,  concerning  many  of  his  former  products, 
or  rather  a  very  hard  and  dense  grit-stone^  This  evil  is  increased,  if  a  new  series  of  ope- 
together  with  a  muller  made  of  the  same  rations  succeed,  and  occupy  all  the  labora- 
kiud  of  stone.  tory ;  or,  if  he  be  obliged  to  quit  it  for  somf 

The  other  small  moveables  or  utensils  of  a  time^  every  thing  tiien  goes  into  confusion, 

laboratory  are,  small  hand  mortars  of  iron,  Hience  it  frequently  happens,  that  he  lose^ 

glass,  agale,  and  Wedgewood*s  ware,  and  the  fniita  of  much  labour,  and  that  be  must 
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tfirow  away  aXouMt  all  the  products  of  his  ther  neck  or  opening  at  thdr  upper  p«t» 

experiments.  through  which  they  may  be  charged,  and  the 

When  new  researches  and  inquiries  are  opening  may  be  afterwards  closed  with  a 

made,  the  mixtures,  results,  and  products  of  stopple.     These  are  called  tubulated  retorts, 

all  the  operations  ought  to  be  kept  a  long  A  Welter's  tube  of  safety  may  be  inserted  in 


time,  distinctly  labelled  and  registered  ;  for  this  opem'ng,  instead  of  a  stopple.    See 

these  tilings,  when  kept  some  Ume,  frequently  VV.  fig.  1.  b  and  e. 
present  phenomena  that  were  not  at  all  sua-         Receivers  are  vessels,  usually  of  glass,  of 

pected.     Many  fine  discoveries  in  chemistry  a  spherical  form  with  a  straight  neck,  into 

have  been  made  in  this  manner ;  and  many  which  the  neck  of  the  retort  is  usually  in- 

have  certainly  been  lost  by  throwing  away  serted.     When  any  proper  substance  is  pat 

too  hastily,  or  neglecting,  the  products.  into  a  retort,  and  heated,  its  volatile  parts 

Since  chemistry  oflers  many  views  for  the  pass  over  intp  the  receiver,  where  they  are 

improvement  of  many  important  arts ;  as  it  condensed.     iSee  fig.  5.  and  Plate  IV.  £g, 

presents  prospects  of  many  useful  and  profit-  2.  k, 

able  discoveries ;  those  who  apply  their  b-         Fig.  4.     The  alembic  is  used  for  distflki. 

hours  in  this  way  ought  to  be  exceedingly  tion,  wben  the  products  are  too  volatile  to 

circumspect,  not  to  be  led  into  an  useless  ex-  admit  of  the  use  of  the  last  roentioiied  ap- 

pense  of  money  and  time.     In  a  certain  set  paratus.     The  alembic  consists  of  a  body  a, 

of  experiments,  some  one  is  generally  of  an  to  which  is  adapted  a  head  6.     The  head  is 

imposing  appearance,  although  in  reality  it  of  a  conical  figure,  and  has  its  external  dr- 

is  nothing  more.     Chemistry  is  full  of  these  cumference  or  base  depressed  lower  than  its 

half  successes,  which  serve  only  to  deceive  neck ;  so  that  the  vapours  which  rise,  and  ara 

the  unwary,  to  multiply  the  number  of  trials,  condensed  against  its  sides,  run  down  into 

and  to  lead  to  great  expense  before  the  fruit-  the  circular  channel  formed  by  its  depressed 

lessness  of  the  search   is  discovered.     By  part,  from  whence  they  are  conveyed  by  the 

these  reflections  we  do  not  intend  to  divert  nose  or  beak  c,  into  the  receiver  d.     Tliis 

from  all  such  researches,  those  whose  taste  instrument  is  less  simple  than  the  retortp 

and  talents  render  them  fit  for  them ;  on  the  which  certainly  may  be  used  for  the  moat 

contrary  we  acknowledge,  that  the  improve-  volatile  products,  if  care  be  taken  to  apply  m 

ment  of  the  arts,  and  the  discovery  of  new  gentle  beat  on  such  occasions.     But  the 

objects  of  manufacture  and  commerce,  are  alembic  has  its  conveniencies.   In  particularp 

undoubtedly  the  finest  and  most  interesting  the  residues  of  distillations  may  be  easQy 

part  of  chemistry,   and   which  make   that  clearedoutof  thebodya;  andinexperimeiita 

science  truly  valuable;  for  without  these  ends,  of  sublimation,  the  head  is  very  convement 

what  would  chemistry  be  but  a  science  purely  to  receive  the  dry  products,  while  the  morv 

theoretical,  and  capable  of  employing  only  volatile  and  elastic  parts  pass  over  into  the 

some  abstract  and  speculative  minds,  but  use-  receiver. 

less  to  society?  We  acknowledge  also,  that  Fig.  6.  represents  the  large  stilk  used  in 
the  successes  in  this  kind  of  chemical  inquiry  the  distillation  of  ardent  spirits,  a  represents 
are  not  rare;  and  that  their  authors  have  the  body,  and  b  the  head,  as  before.  Instewl 
sometimes  acquired  fortunes,  so  much  the  of  using  a  refrigeratory  or  receiver,  the  spirit 
more  honourable,  as  being  the  fruits  of  their  is  made  to  pass  through  a  spiral  pipe  called 
talents  and  industry.  But  we  repeat,  that,  the  worm,  which  is  immersed  in  a  tub  of 
in  these  researches,  the  more  dassling  and  cold  water  rf.  During  ito  passage  it  is  con- 
near  any  success  appears,  the  more  circuro-  densed,  and  comes  out  at  the  lower  extremity, 
spection,  and  even  distrust,  is  necessary.  See  e,  of  tlie  pipe,  in  a  fluid  form. 
Analysis,  Attraction,  Balance.  The  manner  in  which  the  excise  laws  for 

The  plates  annexed,  with  the  following  Scotland  were  framed,  rendering  it  advanta- 

explanations  of  them,  will  give  the  student  geous  to  the  distillers  in  that  country  to  have 

an  idea  of  a  large  variety  of  the  most  useful  stills  of  small  capacity,   which  they  could 

and  necessary  articles  of  a  chemical  appara-  work  very  quickly,  their  ingenuity  was  ex- 

tus.  cited  to  contrive  the  means  of  eflfecting  this. 

Plate  11.  fig.  I.     Crucibles  or  pots,  made  It  was  obvious,  that  a  shallow  still,  widi  a 

(either  of  earth,  black  lead,  forged  iron,  or  broad  bottom  completely  exposed  to  a  strong 

platina.     They  are  used  for  roasting,  cal-  heat,  would  best  answer  the  purpose :  and 

cination,  and  fusion.  this  was  brought  to  such  perfection,  that  a 

Fig.  2.     Cucurbits,  matrasses,  or  bodies,  still  of  the  capacity  of  40  gallons  in  the  body, 

which  are  glass,  earthen,  or  metallic  vessels,  and  three  in  the  head,  charged  with  16  gal- 

usually  of  the  shape  of  an  egg,  and  open  at  ions  of  wash,  could  be  worked  480  times  in 

top.     They  serve  the  purposes  of  digestion,  24  hours.     Fig.  7.  is  a  vertical  section  of 

evaporation,  &c.  this  still,     a,  the  bottom,  joined  to  6,  the 

Kg.  a     Retorts  are  globular  vessels  of  shoulder,  with  solder,  or  rivets,  or  screws  and 

\earthen.ware,  glass,  or  metsl,  with  a  neck  lute,     c,  the  tumed-up  edge  of  the  bottom, 

bent  on  one  side.     Some  retorts  have  ano-  against  which,  and  on  a  level  with  a,  the 
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bHck-worft  of  the  coping  of  the  flue  retti»  nace,  which  is  in  some  mpccts  to  be  pieftr- 
preventingtheiiaiiiefixHn  getting  up  to  touch  red  to  the  usual  foma.  The  sides,  instead 
tf.  dj  the  discharge  pipe,  tf  «^  the  body  of  of  being  peq)endicular,  are  inverted,  so  that 
the  stiJL  f,  section  of  the  central  steam  the  hollow  space  is  pyramidioa].  Atthebot- 
eacape  pipe,  g,  section  of  one  of  the  lateral  torn  the  opening  is  13  inches  square^  and  at 
sum  escape  pipes ;  A,  outside  view  of  ano-  the  top  but  8.  Hie  perpendicular  height  is 
ther.  1 1  i  t,  inferior  apertures  of  lateral  stesm  17  inches.  This  form  appears  to  unite  the 
pipes;  kkkk,  their  superior  apertures.  /^  following  advantages :*-l8t,  A  great  surface 
bouom  scraper,  or  agitator,  which  may  either  is  eiposed  to  the  air,  which,  having  an  easj 
be  made  to  apply  close  to  the  bottom,  or  to  entrance,  rushes  through  the  fuel  with  great 
drag  chains;  m,  the  upright  shaft  of  this  rapidity;  2d,  The  inclined  sides  act  in  some 
engine,  aa  it  is  called ;  n,  the  horizontal  measure  as  reverberating  surfaces ;  and,  BA, 
wheel  with  its  supporters;  a-,  its  vertical  The  fuel  falls  of  itself,  and  is  always  in  doae 
wheel ;  p,  its  handfe  and  shaft ;  «,  supporter  contact  with  tlie  crucible  placed  near  the 
<>f  the  shaft,  r,  ftvth  and  ebullition  jet-  grata  Hie  late  Dr  Kennedy  of  Edinburgh, 
breaker,  resting  on  the  cross  bar  s;  t,  its  whose  opinion  on  this  subject  claims  the 
upright  diaft ;  tc,  its  cup-mouthed  collar,  greatest  weight,  found  that  the  strongest  heat 
Htled  with  wool  and  gresse,  and  held  down  in  our  common  wind  ftirnaccs  was  within 
by  a  plate  and  screws,  v,  general  steam  e»-  two  or  three  inches  of  the  grate.  This,  there* 
oape  pipe,  or  head.  The  charge  pipe,  and  fore,  is  the  most  advantageous  position  for 
tiM  sight  hole^  for  the  man  who  charges  it  the  crucible,  and  still  more  so  when  we  can 
to  see  when  it  is  suiilctently  full,  are  not  keep  it  surrounded  with  fueL  It  is  inoon* 
teen  in  this  view.  venient  and  dangerous  for  the  crucible  to 
The  best  constructiofl  of  a  furnace  has  not  stir  the  ftre  often  to  make  the  fuel  fall,  and 
beeti  well  ascertained  ftom  experience.  There  the  pyramidical  fonn  renders  this  unnece»« 
iflre  facts  which  show,  that  a  fire  made  on  a  sary.  It  is  also  more  easy  to  avoid  a  sudden 
grata  near  the  bottom  of  a  chimney,  of  equal  bend  in  the  chimney,  by  the  upper  part  of 
width  throughout,  and  open  both  above  and  the  furnace  advancing  as  in  this  constructioni 
below,  will  produce  a  more  intense  beat  than  In  Plate  IV.  fig.  1.  a  is  a  grate ;  c  and  c  are 
any  other  furnace.  What  may  be  the  limits  two  bricks,  which  can  be  let  in  at  pleasure  to 
for  the  height  of  the  chimney,  is  not  ascer*  diminish  the  capacity ;  b  is  another  grate^ 
tained  from  any  precise  trials ;  but  thirty  which  can  be  placed  upon  the  bricks  c  and  t 
times  its  diameter  would  not  probably  be  too  for  smaller  purposes ;  d  and  d  are  bricks 
high*  It  seems  to  be  an  advantage  to  con-  which  can  be  placed  upon  the  grate  6  to  di^ 
tract  the  diameter  of  a  chimney,  so  as  to  minish  the  upper  capacity ;  so  that,  in  fad^ 
make  it  smaller  than  that  of  the  fire-place»  there  are  four  different  sices  in  the  same  fur- 
when  no  other  air  Is  to  go  up  the  chimney  nace.  The  bricks  should  all  be  ground  down 
than  what  has  passed  through  the  fire ;  and  to  the  slope  of  the  furnace,  and  fit  in  with 
there  is  no  prospect  of  advantage  to  be  de-  tolerable  accuracy.  They  are  totally  inde- 
rived  from  widening  it.  pendent  of  the  pyramidical  form  of  the  fur- 
Plate  IV.  fig.  3L  exhibits  tlie  wind  or  ahr  nace. 
ftimace  for  melting,  a  is  the  ash-hole ;  /an  Mr  Aikin's  portable  blast  ftimace  is  con»- 
opening  for  the  air.  c  is  the  fire-place,  con-  posed  of  three  parts,  all  made  out  of  the  coro- 
taining  a  covered  crucible,  standing  on  a  supi-  mon  thin  bladL  lead  melting-pots,  sold  in 
port  of  baked  earth,  which  rests  on  the  grate :  London  for  the  use  of  the  goldsmitk  The 
i  is  the  paasage  into  e,  the  chimney.  At  if  lower  piece  c,  fig.  &  is  the  bottom  of  one  of 
a  idudlow  crucible  or  cupel  may  be  placed  in  these  pots,  cut  off  so  low  as  only  to  leave  s 
the  current  of  the  flame,  and  at  r  is  an  cavity  of  about  an  inch  deep,  and  ground 
earthen  or  stone  cover,  to  be  occasionally  smooth  sAxive  and  below.  The  outside  dia^ 
taken  off  for  the  purpose  of  supplying  the  meter,  over  the  top,  is  five  inches  and  a  half. 
fire  with  fuel.  Hie  middle  piece  or  fire-place  a,  is  a  larger 
Fig.  8.  is  a  reveiberitory  fomace.  o  a,  the  portion  of  a  similar  pot,  with  a  cavity  about 
ash-pit  and  firei-place.  b  by  body  of  the  fui^-  six  inches  deep,  and  measuring  seven  inches 
nace.  c  t%  dome^  or  reverberating  roof  of  the  and  a  half  over  the  top,  outnde  diameter, 
furnace,  d  ef,  chimney,  e  0,  door  of  the  ash-  and  perforated  with  six  blast  holes  at  the  bot- 
pit  ff,  door  of  the  fire-place,  ggy  handles  torn.  These  two  pots  are  all  that  are  essen- 
of  the  body,  k,  aperture  to  admit  the  heed  tislly  necessary  to  the  furnace  for  most  ope- 
of  the  retort,  i  i,  handles  of  the  dome,  it,  rations ;  but  when  it  is  wished  to  heap  up 
teeeiter.  /  A  stand  of  the  receiver,  m  m,  fuel  above  the  top  of  a  crucible  contained, 
retort,  represented  in  the  body  by  dotted  and  especially  to  protect  the  eyes  from  the 
littca.  intolerable  glare  of  the  fire  when  in  full 
Another  leieibeiatory  ftmrnce,  a  Uttle  dif-  height,  an  upper  pot  6  is  added,  of  the  same 
fofing  in  figure^  may  be  seen  in  Plate  I.  fig.  dimensions  as  the  middle  one»  and  with  a 
€.  a.  large  opening  in  the  side,  cut  to  aUsw  the 
M.  Chenevix  fam  constructed  a  wind  for-  exit  of  the  smoke  and  fiame^     It  has  als»  an 

Nn 
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irtm  stcin,  with  a  wooden  handle,  (an  old  ently  for  diemical  purposes.     PL  III.  fig.  2. 

dnsel  answers  the  purpose  very  well),  for  re-  is  a  representation  of  a  lamp  furnace,  as  it  ia 

moring  it  occasionally.     The  bellows,  which  perhaps  not  very  properly  called,  as  improved 

are  double  (d),  are  firmly  fixed,  by  a  little  by  Mr  Accum.     It  consists  of  a  brass  rod 

contriTaoce  which  will  take  off  and  on,  to  a  screwed  to  a  foot  of  the  same  metal,  loaded 

heavy  stool,  as  represented  in  the  plate ;  and  with  lead.     On  this  rod,  which  may  be  iia- 

their  handle  should  be  lengthened  so  as  to  screwed  in  the  middle  for  rendering  It 


make  them  work  easier  to  the  hand.     To  in-     portable,  slide  three  brass  sockets  with  straight 
crease  their  force,  on  particular  occasions,  a     arms,  terminating  in  brsss  rings  of  dilic 


plate  of  lead  may  be  firmly  ded  on  the  wood  diameters.    The  largest  measures  foori 

of  the  upper  flap.     The  nozzle  is  received  and  a  half.     These  nogs  serve  for  sopport- 

into  a  hole  in  the  pot  c,  which  conducts  the  ing  glass  alembics,  retorts^  FWreoce  flasks, 

blast  into  its  cavity.     Hence  the  air  passes  evaporating  basinsy  gas  botdcs,  &c. ;  for  per- 

into  the  fire-place  a,  through  six  holes  of  the  forming  distillstioas,  digestions,    solntiocia» 

size  of  a  large  gimlet,  dnlled  at  equal  dis-  evaporation^  saline  fusions,  oonoentrations 

tances  through  the  bottom  of  the  pot,  and  analyses  with  the  pneumatic  apparatus,  &c 

all  converging  in  an  inward  direction,  so  If  the  vessels  require  not  to  be  exposed  to 

that,  if  prolonged,  they  would  meet  about  the  the  naked  fire,  a  copper  sand  bath  may  be 

centre  of  the  upper  part  of  the  fire.     No  interposed,  which  is  to  be  previously  placed 

luting  is  necessary  in  using  this  furnace,  so  in  the  ring.     By  means  of  a  thumb-screw 

that  it  may  be  set  up  and  taken  down  im-  acting  on  the  rod  of  the  lamp,  each  of  the 

mediately.    Coak,  or  common  cinders,  taken  brass  rings  may  be  set  at  different  lieigfata, 

from  the  fire  when  the  coal  ceases  to  blaze,  or  turned  asdde,  according  to  the  pleasure  of 

sifted  from  the  dust,  and  broken  into  very  the  operstor.     Below  th^  rings  is  a  foun- 

small  pieces,  forms  the  best  fuel  for  higher  tain^lamp  on  Aigand*s  plan,  having  a 


heats.  The  fire  may  be  kindled  at  first  by  tallic  valve  witliin,  to  prevent  the  oil  from 
a  few  lighted  cinders,  and  a  small  quantity  running  out  while  the  reservoir  is  put  into 
of  wood  charcoal.  The  heat  which  this  little  its  place.  This  lamp  also  slides  on  the  main 
furnace  will  afford  is  so  intense^  that  its  brsss  rod  by  means  of  a  socket  and  thumb- 
power  was  at  first  discovered  accidentally  screw.  It  is  therefore  easy  to  bring  it  nearer, 
by  the  fusion  of  a  thick  piece  of  cast-iron,  or  to  move  it  further,  at  pleasure,  from  the 
The  utmost  heat  procured  by  It  was  167°  vessel,  which  may  remain  fixed ;  a  circum- 
of  Wedgewood*s  pyrometer,  when  a  Hessian  stance  which,  independent  of  the  elevation 
crucible  was  actually  sinking  down  in  a  state  and  depression  of  the  wicks  of  the  lamp, 
of  porcelaneous  fusion.  A  steady  heat  of  affords  the  advantage  of  heating  the  vessels 
15^  or  160°  may  be  depended  on,  if  the  fire  by  degrees  after  they  are  duly  placed,  as  well 
be  properly  managed,  and  the  bellows  work-  as  of  augmenting  or  diminishing  the  beat 
ed  with  vigour.  instantly;  or  for  maintaining  it  for  several 

The  process  of  cupellation  may  be  exhibit-  hours  at  a  certain  degree,  without  in  the  leasi 

ed  in  a  lecture,  or  performed  at  other  times,  disturbing  the  apparatus  suspended  over  it. 

by  means  of  this  furnace.     The  method  con-  It  may  therefore  be  used  for  producing  the 

•sists  in  causing  a  portion  of  the  blast  to  be  very  gentle  heat  necessary  for  the  rectifica- 

diverted  ft'om  the  fuel,  and  to  pass  through  tion  of  ethers,  or  the  strong  heat  requisite  for 

a  crudble  in  which  the  cupel  is  placed,  jdistilling  mercury.     The  chief  improvement 

This  arrangement  supplies  air ;  and  the  whole  of  this  lamp  consists  in  its  power  of  aflRxd- 

may  be  seen  by  a  sloping  tube  run  through  ing  an.  intense  heat  by  the  addition  of  m 

the  cover  of  the  crucible.  second  cylinder,  added  to  that  of  the  com- 

Charcoal  is  the  material  most  commonly  mon  lamp  of  Argand.    This  additional  cylin- 

used  in  furnaces.     It  produces  an  intense  der  encloses  a  wick  of  one  inch  and  a  half 

heat  without  smoke,  but  it  is  consumed  very  in  diameter ;  and  it  is  by  this  ingenious  con- 

fast.     Coak  or  charred  pit-coal  produces  a  trivance^  which  was  first  suggested  by  Mr 

very  strong  and  lasting  heat.     Neither  of  Webster,  that  a  double  flame  is  caused,  and 

these  produces  a  strong  heat  at  a  distance  more  than  three  times  the  heat  of  an  Aigand 

from  the  fire.     Where  the  action  of  flame  lamp  of  the  largest  size  is  produced, 
is  required,  wood  or  coal  must  be  burned.         Every  effect  of  the  most  violent  heat  of 

Several  inconveniendes  attend  the  use  of  furnaces  may  be  produced  by  the  flame  of  a 

coal,  as  its  fuliginous  fumes,  and  its  aptitude  candle  or  lamp,  urged  upon  a  small  particle 

to  stop  the  passage  of  air  by  becoming  fused,  of  any  substance  by  the  blowpipe.     This  in- 

It  is  used,  however,  in  the  reverberatory  fur-  strument  is  sold  by  the  ironmongers,  and  oon- 

naces  of  glass-houses,  and  u  the  best  mate-  sists  merely  of  a  brass  pipe  about  one-eighth 

rial  where  vessels  are  to  be  supplied  with  a  of  an  inch  diametei*  at  one  end,  and  theodier 

great  quantity  of  heat  at  no  great  intensity,  tapering  to  a  much  less  sise,  with  a  very  small 

such  as  in  distilleries,  &c.  poforatlon  for  the  wind  to  escape.     The 

Frequently,  however,  tlie  flame  of  an  Ar-  smaller  end  is  bent  on  one  side.     For  phllo- 

gand  lamp  may  be  employed  very  conreni-  sophical  or  other  nice  purposes,  the  blowpipe 
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IS  |inmd«d  with  a  bowl  or  enlai^gement  a,(FL  datioii.  Hie  most  expensive  iw»ori>|«^  m,d 
IV.  fig.  5. ),  in  which  the  vapours  of  the  breath  the  minutest  specimens  of  bodies,  may  be  used 
are  condensed  and  detained,  and  also  with  three  in  these  experiments ;  and  the  whole  process, 
or  four  small  nozzles,  6,  with  different  aper-  instead  of  being  carried  on  in  an  opaque  ves- 
tures, to  be  slipped  on  the  smaller  extremity,  sel,  is  under  the  eye  of  the  observer  from  be» 
These  are  of  use  when  larger  or  smaller  flames  ginning  to  end.  It  is  true  that  very  little  can 
are  to  be  occasionally  used,  because  a  larger  be  determined  in  this  way  concerning  the 
flame  requires  a  largt  aperture,  in  order  that  quantities  of  product ;  but,  in  most  cases,  a 
the  air  may  effectually  urge  it  upon  the  mat-  knowledge  of  the  contents  of  any  substance 
ter  under  examination.  is  a  great  acquisition,  which  is  thus  obtained 

There  is  an  artifice  in  the  blowing  through  in  a  very  short  time,  and  will,  at  all  events, 
this  pipe,  which  is  more  diflScult  to  describe  serve  to  show  the  best  and  least  expensive  way 
than  to  acquire.  The  effSect  intended  to  be  of  conducting  processes  with  the  same  mat- 
produced  is  a  continual  stream  of  air  for  many  ters  in  the  larger  way. 
minutes,  if  necessary,  without  ceasing.  This  The  blowpipe  has  deservedly  of  late  yean 
is  done  by  applying  the  tongue  to  the  roof  of  been  considered  as  an  essential  instrument  in 
the  mouth,  so  as  to  interrupt  the  communica-  a  chemical  laboratory ;  and  several  attempts 
tion  between  the  mouth  and  the  passage  of  have  been  made  to  facilitate  its  use  by  the  ad- 
tbe  nostrils :  by  which  means  the  operator  is  dition  of  bellows,  or  some  other  equivalent 
at  liberty  to  breathe  through  the  nostrils,  at  instruments.  These  are  doubtless  very  con- 
Ihe  same  time  that  by  the  muscles  of  the  lips  venlent,  though  they  render  it  less  portable 
he  forces  a  continual  stream  of  air  from  the  for  mineralogical  researches.  It  will  not,  here, 
anterior  part  of  the  mouth  through  the  blow-  be  necessary  to  enter  into  any  description  of 
pipe.  When  the  mouth  begins  to  be  empty,  a  pair  of  double  bellows  fixed  under  a  table, 
it  is  replenished  by  the  lungs  in  an  instant,  and  conomonicating  with  a  blowpipe  which 
while  the  tongue  is  withdrawn  from  the  roof  of  passes  through  the  table.  Smaller  bellows, 
the  mouth,  and  replaced  again  in  the  same  of  a  portable  size  for  the  pocket,  have  been 
manner  as  in  pronouncing  the  monosyllable  made  for  the  same  purpose.  The  ingenious 
hU,  In  this  way  the  stream  may  be  continued  chemist  will  find  no  great  difiiculty  in  adapt- 
ior  a  long  time  without  any  fatigue,  if  the  ing  a  bladder  to  the  blowpipe,  which,  under 
flame  be  not  urged  too  impetuously ;  and  even  the  pressure  of  a  board,  may  produce  a  con- 
in  this  case  no  other  fatigue  is  felt  than  that  of  stant  stream  of  air,  and  may  be  replenished, 
the  muscles  of  the  lips.  as  it  becomes  empty,  by  blowing  into  it  with 

A  wax  candle,  of  a  moderate  size,  but  bellows,  or  the  mouth,  at  anodier  aperture 
thicker  wick  than  they  are  usually  made  with,  furnished  with  a  valve  opening  inwards, 
is  the  most  convenient  for  occasional  experi-  llie  chief  advantage  these  contrivances  have 
ments ;  but  a  tallow  candle  will  do  very  well,  over  the  common  blowpipe  is,  that  they  may 
The  candle  should  be  snuffed  rather  short,  and  be  filled  with  oxygen  gas,  which  increases  the 
the  wick  turned  on  one  side  toward  the  object,  activity  of  combustion  to  an  astonishing  de- 
so  that  a  part  oi  it  should  lie  hcvizontally.  gree.  The  vapour  from  alcohol  has  likewise 
Tlie  stream  of  air  must  be  blown  along  this  been  employed,  and  an  ingenious  contrivance 
horizonta]  part,  as  near  as  may  be  without  for  this  purpose  by  Mr  Hooke  is  represented 
striking  the  wick.  If  the  flame  be  ragged  FI.  IV.  fig.  4.  a  is  a  hollow  sphere  for  con- 
and  irregular,  it  is  a  proof  that  the  hole  is  taining  alcohol,  resting  upon  a  shoulder  in 
not  round  and  smooth ;  and  if  the  flame  have  the  ring  o.  If  the  bottom  be  made  flat  in- 
a  cavity  through  it,  the  aperture  of  the  pipe  stead  of  spherical,  the  action  of  the  flame  wiU 
is  too  large.  When  the  whole  is  of  a  proper  then  be  greater.  6  is  a  bent  tube  with  a  jet 
figure,  and  duly  proportioned,  the  Haine  con-  at  the  end,  to  convey  the  alcohol  in  the  state 
sists  of  a  neat  luminous  blue  cone,  surround-  of  vapour  into  tlie  flsme  at  q :  this  tube  is  con- 
ed by  another  flame  of  a  more  faint  and  indis-  tinned  in  the  inside  up  to  c,  which  admits  of 
tinct  appearance.  The  strongest  heat  is  at  a  being  filled  nearly,  without  any  alcohol  run- 
the  point  of  the  inner  flame.  ning  over,     d  is  a  safety-valve,  the  pressure 

llie  body  intended  to  be  acted  on  by  the  of  which  is  determined  at  pleasure  by  screw- 
blowpipe  ought  not  to  exceed  the  size  of  a  ing  higher  or  lower  on  tlie  pillar  e  the  two 
peppercorn.  It  may  be  laid  upon  a  piece  of  milled  nuts/ and  f ,  carrying  the  steel  arm  h, 
close-grained  well-burned  charcoal ;  unless  which  rests  on  the  valve,  i  is  an  opening  for 
it  be  of  such  a  nature  as  to  sink  into  the  putting  in  the  alcohoL  k  is  the  lamp,  which 
pores  of  this  substance,  or  to  have  its  proper-  adjusts  to  different  distances  from  a,  by  slid- 
ties  affected  by  its  inflammable  quaLty.  ing  up  or  down  the  two  pillars  /  /.  The  dis- 
Such  bodies  may  be  placed  in  a  small  spoon  tance  of  the  flame  q  from  the  jet  is  regulated 
made  of  pure  gold,  or  silver,  or  platina.  by  the  pipe  which  holds  the  wick  being  a 

Many  advantages  may  be  derived  from  the  little  removed  from  the  centre  of  the  brass 

use  of  this  simple  and  valuable  instrument  piece  m,  and  of  course  revolving  in  a  circle. . 

Its  amallneis,  which  renders  it  suitable  to  n  the  mahogany  stand, 
the  pocket,  is  no  inconsiderable  reconunen- 
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For  the  vtrioiM  habitudtt  of  boiien  wb«ii  fort;  bat  imtead  of  9temph»gt  H  iHU  be  de- 

exMiined  by  the  blowpipe,  see  BlOwivk.  tabwd  hi  the  upper  put  of  the  jar.     Is  thb 

Little  oeed  be  said  concerning  the  manner  manner,  therefore,  we  see  that  air  tamj  be 

of  making  experiments  with  fluid  bodies  in  emptied  out  of  one  vessel  into  another  by  an 

the  common  temperature  of  the  atmosphere,  inverted  pouring,  in  which  the  air  is  made 

Basins,  cups,  phials,  matrasses,  and  other  to  ascend  ftom  the  lower  vessel  i  to  the  uppflT 

similar  vessels,   form  the  whole  apperatus  gy  in  which  the  experiments  in  perfornicd^ 

required  for  the  purpose  of  containing  the  by  the  action  of  the  weightier  fluid,  exactly 

ilttstters  nitended  to  be  put  together ;  anid  no  similar  to  the  comnson  pouring  of  dcnaer 

other  precaution  or  histruction  is  required,  fluids  detained  in  the  bottoms  of  opcii  ve»* 

tftan  to  use  a  vessel  Of  such  materials  as  shall  ails  t>y  the  shnple  action  of  gravity.     When 

dot  be  corroded  or  acted  upon  by  its  contents,  the  receiving  vessel  has  a  narrow  neck,  the- 

tfttd  of  sufficient  capacity  to  admit  of  any  sod*  air  may  be  poured  through  a  glass  funnel  k. 

den  expansion  or  frotbiug  of  tb6  fluid,  if  ex*  c  {Ibid,)  h  a  glass  body  or  bottle,  the  boC* 

pected.     lliis  vessel  must  be  placed  in  a  torn  of  which  is  blown  very  thin^  that  it  mej 

current  of  air,  if  noxious  Aimes  arise,  in  or*  support  the  beet  of  a  candle  suddenly  i^ 

der  that  these  may  be  blown  fhmi  the  opera*  pKed,  without  oraeking.    In  its  neck  is  fitted, 

tor.  by  grinding,  a  tube  d,  curved  neatly  in  the 

th6  method  of  making  experiments  with  fonn  of  the  letter  «.     Ibis  kind  of  vessel  ia- 

permanently  elastic  fluids,  or  gases,  though  tery  useful  in  various  chemical  operataoii% 

iimple,  is  not  so  obvious.    We  live  immersed  for  which  it  wiH  be  convenient  to  have  them' 

in  an  atmosphere  not  greatly  differing  in  of  several  sixes*     In  the  figure^  the  body  c  m 

density  from  these  fluids,  which  for  this  rea*  represented  as  containing  a  fluid  in  the  aet 

son  are  not  sufficiently  ponderous  to  be  de^  of  combining  with  *  substance  that  gives  eat 

taxtitd  in  open  vessels  by  their  weight.    Their  air,  which  passes  through  the  tube  into  the 

remarkable  levity,  however,  affbrds  a  method  jar  b,  under  the  mouth  of  which  the  other 

of  confining  them  by  means  of  other  denser  extremity  of  the  tube  is  placed.     At  e  is  *- 

fluids.     Dr  Priestley,  whose  labours  so  far  small  retort  of  glass  or  eanhen-ware^  the  neck 

exceeded  those  of  bis  predecessors  and  con-  of  which  heing  plunged  in  the  water,  beneatb 


temporaries,  both  in  extent  and  importance,  die  jar/,  is  supposed  to  emit  the  elastic  fluid 

that  he  may  with  justice  be  styled  the  flither  extricated  from  the  contents  of  the  tetsvt^ 

of  this  important  branch  of  natural  philo*  which  is  received  in  the  jar. 

soph  v,  used  the  following  apparatus.  When  any  thing,  as  a  galUpot,  is  to  be  sup- 

Ft.  III.  flg.  1.  o  represents  a  wooden  ves-  ported  at  a  considerable  height  within  a  jar, 

sel  or  tub ;  k  k  k,  hs.  shelf  fixed  in  the  tub.  it  is  convenient  to  have  such  wirO'Staada  ar 

When  ftis  apparatus  is  used,  the  tub  is  to  be  are  represented  fig.  3.     Ibese  answer  better 

flSled  With  water  to  such  a  height,  as  to  rise  than  any  other,  liecause  they  take  up  btatr 

Aout  one  inch  above  the  upper  surface  of  little  room,  and  are  easily  bent  to  any  figvfO' 

the  shelf,     b,  gtj",  are  glass  jars  inverted  with  or  height. 

ihefr  mouflis  downward,  which  rest  upon  the  In  order  to  expel  air  from  solid  substattcte 

shelf.     If  these,  or  any  other  vessels,  open  by  means  of  beat,  a  gun-barrd,  with  the 

only  at  one  end,  be  plunged  under  the  water,  touch-hole  screwed  up  and  rivettcd,  may  bo 

tfnd  inverted  after  they  are  filled,  they  will  used  instead  of  an  iron  retort     The  salgect 

remain  full,  notwithstanding  their  being  raised  mav  be  pku:ed  in  the  chamber  of  the  barrel, 

out  of  the  water,  provided  their  mouths  be  ana  the  rest  of  the  bore  may  be  filled  vritb 

kept  immersed ;  for  in  this  case  the  water  is  dry  sand,  that  has  been  well  burned,  to  expel 

sustuned  by  the  pressure  of  the  atmosphere,  whatever  air  it  might  have  contained.     The 

in  the  same  manner  as  the  mercury  in  the  stem  of  a  tobacco>pipe,  or  a  small  glaos  tebe^ 

barometer.     It  may,  without  difficulty,  be  being  hited  in  the  orifice  of  the  barrd>  the 

imagined,  that  if  common  air,  or  any  other  other  extremity  must  be  put  into  the  firc^  that 

fluid  resembling  common  air  in  lightness  and  the  heat  may  expel  the  air  from  its  contents. 

dasticity,  be  suffered  to  enter  these  vessels.  This  air  will  of  course  pas  through  the  lebe^ 

it  win  rise  in  the  upper  part,  and  the  surface  and  may  be  received  under  an  inverted  ves- 

Of  the  water  will  subside.     If  a  bottle,  a  cup,  sel,  in  the  visual  manner, 

or  any  other  vessel,  in  that  state  which  is  But  the  most  aecurate  method  of  procuring 

usually  dalled  empty,  though  rMlly  fun  of  «lr  flrom  several  substances,  by  meeas  of  heat, 

air,  be  plunged  into  the  water  with  its  mouth  h  to  put  them,  if  they  will  bear  it,  into  phiala 

downwards,    scarce  any  water  wiU  enter,  full  of  quicksilver,  with  the  months  inverted 

because  its  entrance  is  opposed  by  the  elas-  in  the  same,  and  then  throw  the  fiDeua  of  o 

ticity  of  the  included  air;   but  if  the  ves*  burning  lens  or  mirror  upon  them.     Fortbie 

sel  be  turned  up,  It  immediately  fiUs,  and  purpose,  their  bottoms  should  be  round  ind 

the  air  rises  In  one  or  more  bubbles  to  tery  thhi,  that  they  may  not  be  liable  to  fly 

the  surface.     Suppose  this  operetion  to  be  with  the  sudden  application  of  heat.     The 

performed  tmder  one  Of  the  jars  which  are  body  c,  Pi.  III.  fig.  t.  intwers  this  pnipoae 

filled  with  water,  the  air  witt  ascend  as  be-  Ttrf  weH. 
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.    Many  Uim3p  of  air  cow^iop  wi^  w»t«r.  In  mhw  «Iwtrka(  ezperimfiap  ^  th^  kin4 

and  therefore  require  t9  be  tveatfd  ip  ««  ap^  here  mentioned,  there  is  reason  to  ei^pecl  a 

paratus  in  which  quiirksilver  i«  miulf)  use  of,  i5»Uaeioiu  rewlt  Crom  ibn  wire*  baing  burned 

This  fluid  being  very  pooderouii  and  of  eoff,-  by  tbe  exploeioa  or  spark*     Far  Uiis  nmw, 

vderable  price,  it  is  an  objeot  of  o^ovaiuenciw  Uta  aieotcicity  may  be  mada  lo  pass  thiousb 

ap  weU  as  economy,  that  the  troi^h  and  vesb-  Qw  legs  of  a  sypbov*  fiontaioing  ihe  air  wbM^ 

sels  should  be  smaller  than  when  water  h  ia  under  «0Psid«ratMW  in  the  upper  pari  of 

used.     See  PI  VV.  fig,  l./f,  iu  curvature.     One  of  tlia  ycwMJiw  in  vhtffb 

Whan  trial  is  to  be  made  of  any  kind  of  tbe  laga  of  <ba  typboD  rast,  must  Ibenefora 

air,  whether  it  be  fit  for  maiqtaining  combua-  be  insulated ;  and  if  any  watery  fluid  be  usad 

jtion,  the  air  may  be  put  into  a  long  narrow  to  confine  the  air,  it  is  ganacaUy  Mippotad 

glass  vessel,  the  mou^  of  which,  being  care.-  that  no  combustion  takes  plaoe. 

fuUy  covered,  may  be  turned  upwaid.     A  It  is  sometimes  desirable  to  imprrpiiftf 

bit  of  wax  candle  being  then  fastened  to  fba  water  for  medicinal  purposes  with  soooke  ga% 

end  of  a  wire,  which  is  bent  so  that  the  flame  «*  the  carbonic  acid ;  and  for  tbia  tbe  appi^ 

iif  the  candle  may  be  uppermost,  is  to  be  let  Jratus  of  Dr  Nooth  ia  vary  effectual  and  fiO»- 

dpwfi  into  the  vessel,  which  must  be  kept  venient     It  eonaists  of  three  gUw9  veasdj^ 

covered  till  the  instant  of  plunging  the  h'ghtad  PL  III.  fig*  4.    The  lower  ves^  e  cootaios 

iifindle  into  the  air.  tba  effiwvescent  matenaJa ;  it  baa  a  sssall  cRi- 

Where  the  change  of  dimensions  which  fice  at  <tf,  stopped  with  a  ground  stopper,  at 

follows  from  the  mixture  of  several  kinds  of  which  an  additional  supply  of  either  acid,  or 

air  ia  to  be  ascertained,  a  graduated  narrow  water,  or  cbalk,  may  be  occasionally  iiHn»- 

qrVndrical  vessel  may  be  made  use  oC     Tti^  duced.     The  middle  vetsel  b  is  open,  bo(^ 

gradations  may  be  made  by  pouring  in  sue-  above  and  below.    Its  inianor  neck  is  fitted, 

MMive  equal  measures  of  water  into  this  vea-  by  grinding,  into  the  neck  A  of  tbe  lower 

tall  and  marking  its  surface  at  each  addition,  vessel.      In  tbe  former  i$  a  glass  vabw, 

Tbe  measure  may  be  afterward  used  for  the  formed  by  two  pieces  of  tuba,  Aod  a  plano- 

diflTereAt  kinda  of  air,  and  the  change  of  di^  convex  lens,   which  is  moveable  between 

joensi^ns  will  be  shown  by  the  rise  or  fidl  of  tbem,  aa  represented  in  fig.  5.     This  vaIvo 

the  mercury  or  water  in  the  graduated  vessel  opens  upwards,  and  suffers  the  aur  to  pans ; 

The  purity  of  commpn  air  being  determin-  but  the  water  cannot  return  through  tbe 

able  by  the  diminudon  produced  by  the  ad-  tubee,  partly  because  tbe  orifice  if  capil- 

dition  of  nitric  oxide  g^  these  tubea  have  lary,  and  partly  because  the  flat  side  of  the 

been  called  eudiometer  tubes.  leo«  covers  the  hole.     The  mtddle  vessel  ja 

Some  substances,  more  especially  powders,  furnished  with  a  cock  a,  to  draw  ofiT  its  coo- 
aannot  conveniently  be  put  into  a  phial,  or  tents.  The  upper  vessel  a  is  fitted,  by  grind- 
passed  through  a  fluid.  When  air  is  to  be  >Qg»  ii^  the  upper  neck  of  the  middle  veeael. 
extricated  from,  or  added  to  these,  there  is  no  Its  inferior  part  consists  of  a  tube  that  passes 
better  method  than  to  phice  them  on  a  stand  aUooat  aa  low  as  the  centre  of  the  middle  yea- 
under  the  receiver  of  the  air-pump,  and  ex^  aeL  Its  upper  orifice  is  closed  by  a  gromid 
hausi  tlie  common  air,  instead  of  excluding  stopper  /.  When  tbia  apparatus  is  to  he 
it  by  water  or  mercury.  This  process  r»-  used,  the  effervescent  materials  are  put  into 
quires  a  good  air-pump,  and  careful  manage-  the  lower  vessel ;  the  middle  vessel  is  filled 
ment,  otherwise  the  copamon  air  will  not  be  ^th  pure  water,  and  put  into  its  place ;  and 
well  excluded*  the  upper  vessel  is  stopped,  and  likewise  pot 

It  is  frequently  an  interesting  ol^ec^  to  io  its  phice.     The  conscience  ia,  that  the 

pass  the  electric  spark  through  different  kinda  carbonic  acid  gaa,  passing  through  tbe  valve 

of  air,  either  alone  or  mixed  together.     In  9i  h,  aacends  into  the  upper  part  of  the  nid- 

this  case  a  metallic  wire  may  be  fiiuteoed  in  die  vessel  b,  where,  by  ito  elastidly,  it  reads 

the  upper  end  of  a  tuba^  and  the  sparks  or  on  the  water,  and  forces  part  up  the  tube 

shock  may  be  passed  through  this  wire  to  the  loto  tbe  vessel  a;  part  of  the  common  aur,  in 

mercury  or  water  used  to  confiqe  the  air.    If  this  last,  being  compressed,  and  the  raat  aa- 

tbere  he  reason  to  apprehend,  that  an  ex/-  caping  by  the  stopper,  which  is  made  of  a 

pension  in  the  air  may  remove  the  mercury  conical  figure,  that  it  may  be  easily  raised, 

or  water  beyond  the  striking  distance,  aooi-  As  more  carbonic  acid  ia  extricated,  asore 

iber  wire  may  be  thruat  up  to  receive  the  water  rises,  till  at  length  the  water  in  tbe 

^actricity ;  or  two  wires  may  be  cemented  middle  vessel  faUs  below  the  lower  orifice  of 

-into  opposite  holes  in  tlM  sides  of  an  herm«-  tthe  tube,     Tbe  gss  then  passes  through  the 

tically  sealed  tube.     Holes  may  be  m«dein  tube  into  the  upper  vessel,  and  expela  mone 

glass,  for  this  and  other  «^eaucal  usee,  by  a  of  the  common  air  by  raising  tbe  stopper, 

drill  of  copper  or  sofl  iron,  with  emery  and  In  this  situation,  the  water  in  both  veanob 

water ;  and  where  this  inatrument  is  wanting,  being  in  contact  with  a  body  of  carbonic  add 

•  small  round  file  with  water  will  cut  a  notch  gas,  it  becomes  strongly  impregnated  willi 

in  small  vewels,  such  as  phials  or  tubes,  this  ga%  after  a  certain  time.     Tbia  effect 

though  with  soma  danger  of  breaking  them.  «Bay  be  faaateQad,  by  taking  off  tfie 
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and  nppflr  ▼OMb  together,  md  agitatiiig  in  pladng  over  the  lint  receiver  a  ^am 

tlieio.  '  ad,  tbe  neck  of  which  is  ground  into  it^  and 

The  valve  is  tbe  most  defective  part  of  this  ftirnisbed  with  a  glass  valve,  similar  to  that 

apparatus;  for  tbe  capillary  tube  does  not  in  Nooth's  apparatus ;  so  that  whenever  snd^ 

admit  tbe  air  through,  unless  there  is  a  con-  den  condensation  takes  place  in  tbe  recovery 

fldersble  quantity  condensed  in  the  lower  its  effect  is  merdy  to  occasion  a  vacuum 

Teasd;  and  the  condensation  has  in  some  there. 

instances  burst  tbe  vessd.  An  ingenious  modification  of  WodUc*a 

Modem  discoveries  respecting  bodies  in  apparatus  is  that  of  Mr  Knight,  FL  III. 

the  aeriform  state  have  produced  several  c»-  fig.  6.     aaa  represent  three  vessels^  each 

pital  improvements  in  the  vessels  used  for  ground  into  the  mouth  of  that  below  it. 

distillation.    It  was  common  with  the  earliest  6  6  6,  glass  tubes,  the  middles  of  vrfaich  are 

diemists,  to  make  a  small  hole  in  the  upper  ground  into  the  neck  of  their  respective  vea- 

part  of  their  retorts,  that  the  elastic  vapours  sels ;  the  upper  extremity  standing  above  the 

might  escape,  which  would  otherwise  have  surface  of  the  liquor  in  the  vessel,  and  the 

burst  the  vessels.     By  this  means  they  lost  lower  extremity  reaching  nearly  to  tbe  boC- 

a  very  considerable  part  of  their  products,  tom  of  the  vessel  beneath,     e,  a  Welter'a 

Sometimes,  too,  it  is  requisite  to  obtain  sepa-  tube  to  prevent  absorption,    f^  an  adopter 

lately  the  condensable  fluid  tliat  comes  over,  ground  to  fit  the  receiver ;  to  which  any  ra- 

and  the  gases  that  are^  and  are  not  soluble  tort  may  be  joined  and  luted  before  it  is  pot 

in  water.     For  this  purpose  a  series  of  re-  into  its  place,     c,  a  tube  for  conveying  the 

oeivers,  more  or  less  in  number  as  the  case  gas  into  a  pneumatic  trough.     The  foot  of 

may  require,  is  generally  employed,  as  in  PI.  the  lowest  vessel,  d,  slides  in  between  two 

YV.  fig.  1.  which  represents  what  is  called  grooves  in  a  square  wooden  foot,  to  secure 

Woolfe*s  apparatus,  though  in  fact  its  origi-  the  apparatus  from  oversetting.     A  stopple 

nal  inventor  was  Glauber,  with  some  subse-  fitted  to  tbe  upper  vessel,   instead  of  the 

quent  improvements.    The  vapour  that  issues  adopter/,  converts  it  into  a  Nooth*s  apparaF- 

fntn  the  retort  being  condensed  in  the  re-  tus,  the  materials  being  put  into  the  vessel  a; 

ceiver  a,  the  gas  passes  on  through  a  bent  and  in  this  case  it  has  the  advantage  of  not 

tube  into  tbe  bottle  c,  which  is  half  filled  having  a  valve  liable  to  be  out  of  order. 

with  water.     The  gas  not  absorbed  by  this  A  very  simple  and  commodious  form  of  a 

water  passes  through  a  similar  bent  tube  to  Woolfe's  apparatus  is  given  -by  tbe  late  Dr 

df'  and  so  on  to  more^  if  it  be  thought  neces-  W.  Hamilton,  at  the  end  of  his  translatioa 

aary ;  while  the  gas  that  is  not  absorbable  of  BerthoUet  on  dyeing ;  see  PL  V  V.  fig.  3. 

by  water,  or  condensable  at  its  exit  from  a  is  the  retort,  the  neck  of  which  is  ground 

the  last  bottle,  is  conveyed  by  a  recurved  into  and  passed  through  the  thick  collar  6» 

tube  into  a  jar  g,  standing  in  a  mercurial  represented  separately  at  6,  with  its  giound 

^"^"^^Sf*  stopple  a,  which  may  be  put  in  when  the 

It  often  happens  in  chemical  processes,  neck  of  the  retort  is  withdrawn.     The  collar 

from  the  irregularity  of  tbe  heat,  or  other  6  is  ground  into  the  wide  neck  of  the  receiver 

circumstances,  that  the  condensation  is  more  c,  the  narrow  neck  of  which  is  ground  into 

rspid  in  proportion  to  the  supply  of  vapour  the  wide  neck  of  d,     d,  ejf,  and  g,  are  con- 

at  some  period  of  the  same  operation  than  in  nected  in  a  similar  manner ;  and  into  the 

others ;   which  would  endanger  the  fluid's  small  necks  of  d,  e,  and  /,  are  ground  the 

being  forced  backward  by  the  pressure  of  the  tubes,  i,  k,  and  I,  so  curved,  that  their  lower 

atmosphere  into  the  receiver,  or  even  into  extremities  nearly  reach  the  bottom  of  the 

the  retort     To  prevent  this,  Mr  Woolfe's  receiver  into  which  they  open.     From  the 

bottles  had  a  central  neck,  beside  the  two  last  receiver  proceeds  the  recurved  tube  m, 

here  delineated,  for  the  insertion  of  a  tube  of  opening  under  an  inverted  cup  n,  a  bole  in 

safety,  the  lower  extremity  of  which  opened  the  bottom  of  which  conveys  the  gas  issuing 

underneath  the  water,  and  the  upper  commu-  from  it  into  one  of  the  bottles  placed  in  the 

nicated  with  the  atmosphere,  so  as  to  supply  moveable  frame  p,  which  has  a  heavy  leaden 

air  in  case  of  sudden  absorption.     See  Plate  foot  to  keep  it  steady  in  the  centre  of  a  flat 

W.  fig.  3.  /i.     Instead  of  this,  however,  a  pan  of  water,  in  which  the  mouths  of  the 

curved  Welter's  tube  is  now  generally  used,  bottles  are  immersed.     In  the  receiver  d  is  a 

as  more  convenient     Into  this  tube  water  is  tube  of  safety  h.     The  receivers  are  placed 

poured,  till  tbe  ball  6,  or  e,  fig.  1.  is  half  on  a  stand  a  Uttle  inclined,  and  kept  steady 

full :  when  absorption  takes  place,  the  water  by  slips  of  wood  hollowed  out  to  fit  their 

rises  in  the  ball  till  none  remains  in  the  tube,  curvatures,  as  represented  at  «  x.     This  ap- 

and  then  the  air  rushes  in :   on  tbe  other  paratus  requires  no  lute ;  has  no  bent  tubes 

hand,  no  gas  can  escape,  as  it  has  to  over-  that  are  difficult  to  adjust,  and  liable  to 

come  tbe  pressure  of  a  high  column  of  water  break ;  and  the  retort  may  be  removed  at 

in  tbe  perpendicular  tube.  any  stage  of  the  process,  either  to  find  tbe 

Another  contrivance  to  prevent  retrograde  wo^t  it  has  lost,  or  for  any  other  purpose, 

pressure  is  that  of  Mr  Pepys.     This  consisto  the  receiver  being  meanwhile  clowd  with 
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the  itopple.     Similar  advantages  attend  Mr 
Knight's. 

When  it  is  required  to  pass  an  aeriform 
fluid  dirough  a  red-hot  substance,  such  an 
apparatus  as  that  of  Bamiel,  PI.  I.  fig.  2. 
may  be  employed.  In  this,  three  gun-bar- 
rels, 6,  c,  d,  are  placed  horizontally  in  a  rerer- 
beratory  surface  a,  about  two  inches  distance 
from  each  other.  From  the  extremity  of  the 
central  barrel  c,  a  bent  tube  k  conveys  the  gas 
to  the  jar  m,  in  the  pneumatic  trough  I,  The 
other  extremity  of  c  is  connected  with  d  by 
the  curved  tube  t ;  d  with  b  by  the  curved 
tube  k ;  and  the  other  end  of  b  with  the  bottle 
y  by  the  tube  e.  When  this  apparatus  is 
employed  for  obtaining  carbonic  oxide,  the 
part  of  each  barrel  exposed  to  the  fire  being 
filled  vrith  charcoal  pressed  lif^tly  in,  but 
not  rammed  hard,  carbonate  of  lime  diluted 
with  a  very  little  water  being  poured  into 
the  bottle/,  and  the  junctures  being  all  well 
luted,  the  fire  is  to  be  kindled*  As  soon  as 
the  barrels  are  red*hot,  sulphuric  acid  is  to 
be  poured  into  the  funnel  g,  and  the  carbonic 
acid  gas  expelled,  traversing  three  portions 
of  red-hot  charcoal,  will  completely  saturate 
itself  with  it  before  it  reaches  the  receiver  m. 

Plate  VV.  fig.  2.  represents  the  different 
parts  of  the  apparatus  required  for  measur- 
ing the  quantity  of  elastic  fluid  given  out 
during  the  action  of  an  acid  on  odcareous 
soils.  The  bottle  for  containing  the  soil  is 
represented  Bta;b,  the  bottle  containing  the 
acid,  furnished  vridi  a  stopcock ;  c,  the  tube 
connected  with  a  flaccid  bladder  d;  f,  tk  gra- 
duated measure ;  e,  the  bottle  for  containing 
the  bladder.  When  this  instrument  is  used, 
a  given  quantity  of  soil  is  introduced  into  a  ; 
b  is  filled  with  muriatic  acid,  diluted  with  an 
equal  quantity  of  water ;  and  the  stopcock, 
being  closed,  is  connected  with  the  upper 
orifice  of  a,  which  is  ground  to  receive  it 
The  tube  e  is  introduced  into  the  lower  on- 
fice  of  a,  and  the  bladder  connected  with  it 
placed  in  its  flaccid  state  in  e,  which  is  filled 
with  water.  The  graduated  measure  is  plac- 
ed under  the  tube  of  e.  When  the  stopcock 
of  6  is  turned,  the  add  flows  into  a,  and  acts 
upon  the  soil;  the  elastic  fluid  generated 
passes  through  c  into  the  bladder,  and  dis- 
places a  quantity  of  water  in  e,  equal  to  it  in 
bulk ;  and  this  water  flows  through  the  tube 
into  the  graduated  measure,  the  water  in 
which  gives,  by  its  volume,  the  indication  of 
the  proportion  of  carbonic  acid  disengaged 
from  the  soil ;  for  every  ounce  measure  of 
which,  two  grains  of  carbonate  of  lime  may 
be  estimated.  The  reader  will  find  excel- 
lent instructions  on  the  details  of  experi- 
menting, in  Mr  Faraday's  Chemical  Manipu' 
laUonJ-^See  Carbonate,  Eudiomeies,  Va- 
roiTR,  and  Appendix. 

LABRADOR  STONE.     See  Fbupab. 

LAC  is  a  substance  well  known  in  Europe 
under  the  diff*erent  appellations  of  stick-lfic. 


shell-lac,  and  seed-lac.  Tlie  first  is  the  lac 
in  its  natural  state,  encrusting  small  branches 
or  twigs.  Seed-lac  is  the  stick-lac  separated 
from  Uie  twigs*  appearing  in  a  granulated 
fbrm,  and  probably  deprived  of  part  of  its 
colouring  matter  by  boiling.  Sbell-lac  is 
the  substance  which  has  undergone  a  simple 
purification,  as  mentioned  below.  Beside 
these  we  sometimes  meet  with  a  iburth, 
called  lump-lac,  which  is  the  seed-lac  melted 
and  formed  into  cakes. 

Lac  is  the  product  of  the  coccus  lacca, 
which  deposits  its  eggs  on  the  branches  of  a 
tree  called  Bihar,  in  Assam,  a  country  bor- 
dering on  Thibet,  and  elsewhere  in  India. 
It  appears  designed  to  answer  the  purpose  of 
defending  the  ^gs  from  injury,  and  afibrd- 
ing  food  for  the  maggot  in  a  more  advanced 
state.  It  is  formed  into  cells,  finished  with 
as  much  art  and  regularity  as  a  honeycomb, 
but  differently  arranged ;  and  the  inhabitants 
collect  it  twice  a-year,  in  the  months  of  Fe- 
brusLry  and  August  For  the  purification, 
it  is  broken  into  small  pieces,  and  put  into  a 
canvass  bag  of  about  four  feet  long,  and  not 
above  six  inches  in  circumference.  Two  of 
these  bags  are  in  constant  use,  and  each  of 
them  held  by  two  men.  llie  bag  u  placed 
over  a  fire,  and  frequently  tum^  till  the 
lac  is  liquid  enough  to  pass  through  its  pores; 
when  it  is  taken  off  the  fire,  and  twisted  in 
difierent  directions  by  the  men  who  hold  it, 
at  the  same  time  dragging  .it  along  the  con- 
vex part  of  a  plantain  tree  prepared  for  this 
purpose ;  and  while  this  is  doing,  the  other 
bag  is  heating,  to  be  treated  in  the  same  way. 
Tie  mucilaginous  and  smooth  surface  of  the 
plantain  tree  prevents  its  adhering ;  and  the 
degree  of  pressure  regulates  the  ti^ickness  of 
the  coating  of  lac,  at  the  same  time  that  the 
fineness  of  the  bag  determines  its  clearness 
and  transparency. 

,  Analyzed  by  Mr  Hatcbett,  stick-lac  gave, 
in  100  parts,  resin  68^  colouring  extract  10, 
wax  6,  gluten  5.S,  extraneous  substances 
6,5;  Bccd-lac,  resin  88.5,  colouring  extract 
2.5,  wax  4.5,  gluten  2;— ^hell-lac,  resin  90.9, 
colouring  extract  0.^  wax  4,  gluten  2.8. 
The  gluten  greatly  resembles  that  of  wheat, 
if  it  be  not  precisely  the  same ;  and  the  wax 
is  analogous  to  that  of  the  myrica  cerifera. 

In  India,  lac  is  fashioned  into  rings,  beads* 
and  other  trinkets;  sealing-wax,  varnishes, 
and  lakes  for  painters,  are  made  from  it ;  it 
is  much  used  as  a  red  dye,  and  wool  tinged 
with  it  is  employed  as  a  fucus  by  the  ladies ; 
and  the  resinous  part,  melted  and  mixed  with 
about  thrice  its  weight  of  finely  powdered 
sand,  forms  polishing  stones.  Hie  lapidaries 
mix  powder  o£  corundum  with  it  in  a  similar 
manner. 

The  colouring  matter  is  soluble  in  water ; 
but  1  part  of  borax  to  5  of  lac  renders  the 
whole  soluble  by  digestion  in  water,  nearly 
at  a  boiling  heat.     Una  solution  is  equal  for 
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toany  purposes  to  spirit  vcniish,  and  is  aa  of  ftcdi  coehioMl,  and  one  of  OTrtalt  of 

excellent  Tebicle  for  water  ooloufs,  as,  when  tartar,  are  to  be  boiled  witii  a  sufficient  qiM- 

onee  dried,  water  has  no  effeoi  on  it.     Lixi-  tity  of  water,  poured  off  dear,  and  prodpi- 

riuBi  of  potash,  soda,  and  carbonate  of  soda,  tated  with  the  sohition  of  tin,  and  the  pva- 

liiiewise  dissolve  it     So  does  nitric  add,  if  dpitate  washed.      At  the  aame  timc^  two 

digested  upon  it  in  suffident  quantitf  48  pounds  of  alum  are  also  to  be  dissolved  in 

hours.  water,  predpitated  with  a  liurium  of  potash. 

The  colouring  natter  of  the  lac  loses  con*  and  the  white  earth  repeatedly  washed  with 

siderably  of  its  beauty  by  keeping  any  length  bdling  water.     Finally,  both  predpitalei  are 

ef  time ;  but  when  extracted  fresh,  and  prc^  to  be  mixed  together  in  their  li^id  itala^ 

dpitated  as  a  lake,  it  is  less  liable  to  injuiy.  put  upon  a  filter,  and  dried.     For  the  pr»- 

Mr  Stephens,  a  surgeon  in   Bengal,  sent  parstion  of  a  cheaper  sort,  instead  of  cocfai-' 

home  a  great  deal  prepared  in  this  way,  ncal,  one  pound  of  Brazil  wood  may  bt  am- 

wbich  afforded  a  good  scariet  to  cloth  pre-  ployed  in  the  preceding  manner, 
viously  yellowed   with  querdtron ;   but  it         For  the  following  process  for  making  a 

would  probably  have  been  better,  if,  instead  lakejhm  mwider,  the  Sodety  of  Aita  voted 

of  precipiuting  with  alum,  he  had  employed  Sir  H.  C  Englefield  thdr  gcdd  medal.    £»- 

n  solution  of  tin,  or  merely  evaporated  the  close  two  ounces  troy  of  the  finest  Doldi 

decoction  to  dryness.  orop  madder  in  a  bag  of  fine  and  atro^g 

Lac  is  the  basis  of  the  best  sealing-wax.  calico,  large  enough  to  hold  throe  or  fiMir 

Shdl-lac  resin  yielded  to  me  in  ultimate  times  as  much.     Put  it  into  a  large  mailile 

analysis,  carbon  64.67,  hydn^en  8.22,  oxy-  or  porcelain  mortar,  and  pour  €»  it  a  pint  of 

gen  82.11,  in  100  perts.  dear  soit  water,  cokL     Frees  the  bag  in 

L  ACTATE&      Definite  compounds  of  every  direction,  and  pound  and  rub  it  about 

lactic  add  with  the  salifiable  besee.  with  a  pestle,  as  much  as  can  be  done  witb* 

LACQUER.      Solution  of  shelUac  in  out  tearing  it,  and  when  die  water  is  kiadad 

alcohol.  with  colour,  pour  it  off     Bapcat  this  pr^ 

LAKE.     This  term  is  uaed  to  denote  a  oess  till  the  water  comes  off  but  sightly 

epecies  of  colours  formed  by  predpitating  tinged,  for  which  about  five  pints  will  be 

colouring  matter  with  some  earth  or  oxides  euffident     Heat  all  the  liquor  in  an  earthen 

Hie  prindpd  lakes  are,  Carmine,  Florence-  or  silver  vessd,  till  it  is  near  boiling,  and 

lake,  and  lake  from  Madder.  then  pour  it  into  a  large  basin,  into  whidi  • 

For  the  preparation  of  Carmine,  four  troy  ounee  of  alum  dissolved  in  a  pipt  of 
ounces  of  finely  pulverised  cochineal  are  to  boiling  soft  water  has  been  previously  put- 
be  poured  into  four  or  six  quarts  of  rain  or  Stir  the  mixture  together,  and  while  stirring 
distilled  water,  that  has  been  previously  boiU  pour  in  gently  about  an  ounce  and  half  of 
ed  in  a  pewter  kettle,  and  boiled  with  it  for  a  saturatnl  solution  of  suboarbonate  of  paf^ 
the  space  of  six  minutes  longer ;  (some  ad-  ash.  Let  it  stand  till  cold  to  aettlo ;  poor 
vise  to  add,  during  the  boiling,  two  drachms  off  the  dear  ydlow  liquor ;  add  to  the  pr^ 
of  pulverised  crystals  of  tartar).  Eight  dpitate  a  quart  of  bdling  soft  water,  stiniog 
scruples  of  Roman  alum  in  powder  are  then  it  well ;  and  when  cold,  separate  by  filtnr 
to  be  added,  and  the  whole  kept  upon  the  tion  the  lake,  which  should  weigh  half  an 
fire  one  minute  longer.     As  soon  as  Uie  grpss  ounce.    If  less  alum  be  employed,  the  eohNsr 


powder  has  subsided  to  the  bottom,  and  the  will  be  somewhat  deeper ;    with  less  than 

decoction  is  become  clear,  the  latter  is  to  three-fourths  of  an  ounce,  the  whole  of  the 

be  carefully  decanted  into  lai^  cylindrical  colouring  matter  will  not  unite  with  the 

glasses,  covered  over,  and  kept  undisturbed,  alumina.     Fresh  madder  root  is  equal,  if 

till  a  fine  powder  is  observed  to  have  settled  not  superior,  to  the  dry. 

at  the  bottom.     The  superincumbent  liquor  Almost  all  vegetable  colouring  matbcn 

is  then  to  be  poured  off  from  this  powder,  may  be  predpitat^  into  lakes,  more  or  km 

and  the  powder  gradually  dried.     FK>m  the  beautiful,  by  means  of  alum  or  oxide  of  tin. 

decanted  liquor,  which  is  still  much  coloured,  LAMP.     See  Light. 


the  rest  of  the  colouring  matter  may  be  sew         LAMP  OF  SAFETY,  for  coal  minca, 
parated  by  means  of  the  solution  of  tin,     the  invaluable  and  splendid  invention  of  Sir 


when  it  yidds  a  carmine  little  inferior  to  the  H.  Davy.     For  an  account  of  the 

other.  on  which  it  acts,  see  COHBiTSTfON.     We  shall 

For  the  preparation  of  Florentint  lake,  the  here  describe  its  construction, 

sediment  of  cochineal  that  remdned  in  tiie  In  the  parts  of  coal-mines  where  danger 

kettle  may  be  boiled  with  the  requisite  quan-  was  apprdiended  from    fire-damp,   minen 

tity  of  water,  and  the  red  liquor  likewise,  had  been  accustomed  to  guide  tfaemsdvei^ 

that  renudned  after  the  preparation  of  the  or  to  work,  by  the  light  afforded  by  the 

carmine,  mixed  with  it,  and  the  whole  pre-  sparks  of  steel  struck  off  from  a  whed  of 

dpitated  with  the  solution  of  tin.     The  red  flint     But  even  this  apparatus,  though  much 

precipitate  must  be  fVequently  eduloomted  less  dangerous  than  a  candle^  someliraes  pro- 

with  water.     Exdusivdy  of  this,  two  ounces  duced  explosions  of  t^  6ro.damp. 
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A  pcvlect  fecimty  from  aocideot  is,  how-  light  of  the  wick  aagmenti  till  the  ilre-damp 

«Ter,  ofimd  to  the  miner  in  the  use  of  r  increases  to  l-6th  or  l^^kb,  when  it  is  lost  in 

jiiife-lanip»  which  transmits  its  light,  and  is  the  fleme  of  the  fire-damp,  which  in  this  ease 

fed  with  air,  through  a  cylinder  of  iron  or  £lls  the  cylinder  with  a  pretty  strong  light, 

copper  wire--gai|«e ;  and  this  fine  invention  As  long  as  any  exfiiome  miiture  of  gas  ex- 

iias  the  advantage  of  requiring  no  machinery,  -ista  in  contact  with  the  lamp,  so  long  it  will 

no  philosophical  knowledge  to  direct  its  ose,  give  light ;   and  when   it  is  extinguished, 

■and  is  made  at  a  very  cheap  rate.  whidi  happens  when  the  foul  air  constitutes 

The  apertures  In  the  gause  should  not  be  as  much  as  l-3d  of  the  volume  of  the  atmos- 

more  than  U20th  of  an  inch  square.     As  phere,  the  air  is  no  longer  proper  for  raspi- 

the  fire-damp  is  not  infiaroed   by   ignited  ration ;  for  though  animal  life  will  continue 

wire^  the  thickness  of  the  wire  is  not  of  where  flame  is  extinguished,  yet  it  is  always 

importance,  but  wire  from  l-40th  to  LdOth  with  suffering.     By  fixing  a  coil  of  platinum 

of  an  inch  in  diameter  is  the  most  conve-  wire  above  the  wick,  ignition  will  continue 

nient.  in  the  metal  when  the  lamp  itself  is  extin- 

Tbe  cage  or  cylinder  should  be  made  by  guished ;  and  from  the  ignited  wire  the  wick 
double  joinings,  the  gause  being  folded  over  may  be  again  rekindled,  on  going  into  a  leas 
in  such  a  manner  as  to  leave  no  apertures,  inflammable  atmosphere. 
When  it  is  cylindrical,  it  should  not  be  more  ''  We  have  frequently  used  the  lamps 
than  two  inches  in  diameter ;  for  in  larger  where  the  explosive  mixture  was  so  high  as 
cylinders,  the  combustion  of  the  fire^^iamp  to  heat  the  wire-gauze  red-hot ;  but  on  ex- 
renders  the  top  inconveniently  hot ;  and  a  amining  a  lamp  which  has  been  in  constant 
Rouble  top  is  always  a  proper  precaution,  use  for  three  months,  and  occasionally  sub- 
fixed  ^  or  I  of  an  inch  above  the  first  top.  jected  to  this  degree  of  heat,  I  cannot  pep- 

The  gauze  cylinder  should  be  fastened  to  ceive  that  the  gauze  cylinder  of  iron  wire  is 
<he  lamp  by  a  screw  of  four  or  five  turns,  at  all  impaired.  I  have  not,  however,  thought 
and  fitted  to  the  screw  by  a  tight  ring.  All  it  prudent,  in  our  present  state  of  experience, 
joinings  in  the  lamp  should  be  made  with  to  persist  in  using  the  lamps  under  such  cir- 
hard  solder ;  and  the  security  depends  upon  cumstances,  because  I  have  observed,  that  in 
the  circumstance^  that  no  aperture  exists  such  situationsthe  particles  of  coal  dust  float- 
in  the  apparatus,  hunger  than  in  the  wire-  ing  in  the  air,  fire  at  the  gas  burning  within 
l^auze.  the  cylinder,  and  fly  off  in  small  luminous 

The  parts  of  the  lamp  are,  sparks.     This  appearance,  I  must  confess, 

1.  The  brass  cistern  which  contains  the  alarmed  me  in  the  first  instance,  but  ex- 
oil,  pierced  near  the  centre  with  a  vertical  perienoe  soon  proved  that  it  was  not  dan- 
narrow  tube,  nearly  filled  with  a  wire  which  gerous. 

is  recurved  above,  on  the  level  of  the  burner,  **  Besides  the  facilities  afforded  by  tbia  in- 
to trim  the  wick,  by  acting  oo  the  lower  end  vention  to  the  working  of  coaUmines  abound- 
0f  the  wire  with  the  fingers.  It  is  called  the  ing  in  fire-damp,  it  has  enabled  the  directors 
safety-trimmer.  and  superintendents  to  ascertain,  with  the  ut- 

2.  The  rim,  in  which  the  wir&'gauze  cover  most  precision  and  expedition,  both  the  pre- 
is  fixed,  and  wliich  is  fastened  to  the  cistern  sence,  the  quantity,  and  correct  situation  of 
t>y  a  moveable  screw.  the  gat.     Instead  of  creeping  inch  by  inch 

3.  An  aperture  for  supplying  oil,  fitted  with  a  candle,  as  is  usual,  along  the  gal- 
with  a  screw  or  n  cork,  and  which  oommu-  leries  of  a  mine  suspected  to  contain  iire- 
nicates  with  the  bottom  of  th^  cistern  by  a  damp,  in  order  to  ascertain  its  presence  we 
tube;  and  a  central  aperture  for  the  wick.  walk  firmly  on  with  the  safi»>]amps,  and, 

4^  The  wire-gauze  cylinder,  which  should  with  the  utmost  confidence,  prove  the  actual 
not  have  less  thim  625  apertures  to  the  square  state  of  the  mine.  By  observing  attentive- 
inch.  Jy  ^  several  appearances  upon  £e  flame  of 

d>  The  second  top  f  of  an  inch  above  the  tiie  lamp,  in  an  examination  of  this  kind, 

first,  surmounted  by  a  brass  or  copper  plate,  the  cause  oi  accidents,  which  happened  to 

to  which  the  ring  of  suspension  is  fixed.  the  most  experienced  and  cautious  miners  is 

6.  Four  or  six  thick  vertical  wires,  joining  completely  developed;  and  this  has  hitherto 

the  cistern  below  with  the  top  plate,  and  been  in  a  great  measure  matter  of  mere  oon- 

serving  as  protecting  pillars  round  the  cage,  jecture. 

When  the  wire-gauze  safe-Iamp  is  lighted  ^  It  is  not  necessary  that  I  should  enlarge 
and  introduced  into  an  atmosphere  gradually  upon  the  national  advantages  which  must  no- 
mixed  with  fire-damp,  the  first  effect  of  the  ccsaarily  result  from  an  invention  calculated 
fire-damp  iz  to  increase  the  length  and  size  of  to  prolong  our  supply  of  mineral  ooel,  be- 
the  flame.  When  the  inflammable  gas  forms  caule  I  think  \hera  obvious  to  every  r»> 
as  much  as  1-1 2th  of  the  volume  ai  the  air,  fleeting  mind ;  but  I  cannot  conclude  witb- 
the  cylinder  becomes  filled  with  a  feeble  blue  out  expressing  my  highest  sentiments  of  ad- 
fiame,  but  the  flame  of  the  wick  appears  bum-  miration  for  those  talents  which  have  do- 
ing brightly  within  the  blue  flame,  and  the  velopcd.  the  properiUcs,  9od  coqtiolled  the 
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r,  of  one  of  the  mott  dangcnms  do- 
wiiicli  hutMii  cotsrpmo  hat  hrthftio 
had  to  eDoouoter." — See  Letter  to  Sv  H. 
Dkwj,  in  Journal  of  Sdeace,  toL  i.  p.  302. 
hf  John  Buddie,  £«}.  generally  and  justly 
cpteemed  one  of  the  moet  Kientific  coaU 
nioera  in  the  kingdom. 

LAMPBLACK.  Hie  6ocst  lampUack 
k  ptoduced  by  collecting  the  smoke  from  a 
lamp  with  a  long  wick,  which  supplies  more 
oil  than  can  be  perfectly  consumed,  or  by 
suffering  the  flame  to  play  against  a  metal- 
line cover,  which  impedes  the  combustion, 
not  only  by  conducting  off*  part  of  the  heat^ 
but  by  obstructing  the  current  of  air.  Lamp- 
black, however,  is  prepared  in  a  much  dieiq>- 
er  way  for  the  demands  of  trade.  The  dregs 
which  remain  after  the  eliquation  of  pitch,  <ir 
else  small  pieces  of  fir-wood,  are  burned  in 
furnaces  of  a  peculiar  construction,  the  smoke 
of  which  is  made  to  pass  through  a  long 
boriiontal  flue^  terminating  in  a  close^Miani- 
ed  chamber.  The  roof  of  this  chamber  is 
made  of  coane  doth,  through  which  the  cur- 
rent of  air  escapes,  while  the  soot  remains. 

LANA  PHILOSOPHICA.  Tbesnowy 
flakes  of  white  oxide,  which  rise  and  float  in 
the  air  from  the  combustion  of  sine. 

LAPIS  INFERNALI&     Potash. 

LAPIS  LAZULL     A»ii«-stone. 

LAPIS  NEPHRITICU&    See  Nefb- 

EITE. 

LAPIS  OLLARIS.     Potstone. 

LATIALITE.     Haiiyne. 

LATROBITE.  A  new  roinend  of  a 
pale  pink  colour.  It  occurs  massive  and 
crystalliaed.  It  scratches  glass,  and  is 
scratched  by  felspar.  Sp.  grav.  2.8*  It 
was  found  in  Aroitok  island,  near  the  coast 
of  Labrador,  by  the  Rev.  Mr  Latrobe. 

LAVA.     See  Volcanic  Products. 

LAZULI  (LAPIS).     Azure-stone. 

LEAD  is  a  white  metal  of  a  blue  tinge^ 
very  soft  and  fleiible,  not  very  tenacious, 
and  consequently  inaqiable  of  being  drawn 
into  fine  wire,  though  it  is  easily  extended 
into  thin  plates  under  the  hammer.  Its  sp. 
gr.  is  1 1.35.  It  melts  at  612^.  In  a  strong 
heat  it  boils,  and  emits  fumes,  during  whi^ 
time^  if  exposed  to  the  air,  its  oxidation  pro- 
ceeds with  •considersble  rapidity.  Lead  is 
brittle  at  the  time  of  congelation.  In  this 
state  it  may  be  broken  to  pieces  with  a  ham- 
mer, and  the  crystallization  of  its  internal 
parts  will  exhibit  an  arrangement  in  parallel 
lines. 

Lead  is  not  much  altered  by  exposure  to 
air  or  water,  though  the  brightness  of  its  sur- 
ftce,  when  cut  or  scraped,  very  soon  goes  off! 
It  is  probable  that  a  thin  stratum  of  oxide  is 
formed  on  the  surface,  which  defends  the 
rest  of  the  metal  from  corrosion. 

There  are  certainly  two,  perhaps  three  ox- 
ides of  lead :— » 

L  The  powder  precipitated  by  potash  from 


the  solotkm  of  the  aitnCe  of  lead,  bsii^ 
dried,  forms  die  ydlow  protoxide.  When 
aomewhat  vitrified,  it  eonstitoteB  Ittfaaige^ 
and,  combined  with  caifoonic  acid,  whifte- 
lead  or  oenise.  It  has  been  obtained  by  M. 
Hootoo-Iiabillardiere  in  dodecahedral  vrfaite 
crystals,  about  the  siae  of  a  pin4iead.  by 
slow  deposition  from  a  solution  of  Utfaai^ 
in  soda.  Heat  volatiliaes  it  It  is  of  very 
much  importance  to  know  accurately  the 
composition  of  this  oxide  of  lead,  espeaaOy 
in  consequence  of  its  great  influence  in  the 
analysis  of  organic  bodies.  The  mean  of 
Berselius's  last  expeiimenis,  as  detailed  in 
the  5th  voL  of  the  JfhawOmgar  i  Fysik, 
and  translated  into  the  Ann.  of  FhiL  for 
February  1820^  gives  us  7.73  for  the  quan- 
tity of  oxygen  combined  with  100  of  lead 
in  107.73  of  the  protoxide,  whence  the  prime 
equivalent  of  lead  comes  out  I2.936d.  Tbe 
▼ery  near  approach  of  tins  to  13,  will  justify 
us  in  adopting  this  round  number,  and  in 
estimating  the  equivalent  of  the  protoxide  at 
I4u  The  pigment  massicot  is  merely  this 
oxide. 

2.  When  massicot  has  been  expoaed  lor 
about  48  houra  to  the  flame  of  a  reverber». 
tory  furnace,  it  becomes  red-lead,  or  minium. 
Uris  substance  has  a  sp.  gr.  of  8.94w  At  n 
red  heat  it  gives  out  oxygen,  and  passes  into 
vitrified  protoxide.  It  consists  of  100  lead 
•4-  11.08  oxygen;  and  it  may  be  repreaenfc- 
ed  as  a  compound  of  2  primes  of  leid  4-  3 
oxygen ;  or  of  I  prime  protoxide  -j-  I  prime 
peroxide. 

a  If  upon  100  parts  of  red-lead  we  digest 
nitric  acid  of  the  sp.  gr.  1.26,  92.5  parU  will 
be  dissolved,  but  7.5  of  a  dark  brown  powder 
will  remain  insoluble.  lYiis  is  the  peroxide 
of  lead,  and  consists  of  100  lead-}-  15l4 
oxygen ;  or  13  4-  ^  ^  15i 

By  passing  a  stream  of  chlorine  through 
red-lead  diffused  in  water,  we  obtain  a  solu- 
tion, which  yields  by  potash  an  abundant 
precipitate  of  the  brown  oxide  of  lead.  From 
100  of  minium,  68  of  the  peroxide  may  be 
obtained.  It  is  tasteless,  and  with  muriatic 
add  evolves  chlorine.  When  heated,  oxy- 
gen is  disengaged,  and  protoxide  remains. 
The  red-lead  of  commerce  is  often  very  im- 
pure, containing  yellow  oxide,  sulphate  of 
lead,  submuriate  of  lead,  and  silica. 

Chloride  of  lead  is  formed  either  by  pladng 
lead  in  chlorine,  or  by  exposing  the  muriate 
to  a  moderate  beat  It  is  a  semitransparent 
greyish-white  mass,  somewhat  like  horn, 
whence  the  old  name  of  plumbum  ofrneum* 
It  is  fixed  at  a  red  heat  in  close  vessels,  but 
it  evaporates  at  that  temperature  in  the  open 
air.  By  Dr  Davy's  analysis,  it  consists  of 
chlorine  25.78  +  lead  74.22;  or  4^5  + 
13. 

Hie  iodide  is  easfly  formed,  by  heating 
the  two  constituents.  It  has  a  fine  yellow 
colour.     It  precipitates  when  we  pour  by- 
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driodste  of  potash  into  a  folutum  of  nitratt 
of  lead. 

The  salts  of  lead  have  the  protoxide  for 
their  base,  and  are  distinguishable  by  the 
following  general  characters  :— 

1.  The  salts  which  dissolice  in  water  usu- 
ally give  colourless  solutions,  which  have  an 
astringent  sweetish  taste. 

2.  Placed  on  charcoal  they  all  yield,  by 
the  blowpipe,  a  button  of  lead. 

3.  Ferroprussiate  of  potash  occasions  in 
tiieir  solutions  a  white  precipitate. 

4.  Hydrosulphuret  of  potash,  a  black  pre- 
cipitate. 

5.  Sulphuretted  hydrogen,  a  black  preci- 
pitate. 

6.  Gallic  add,  and  infusion  of  galls,  a 
white  precipitate. 

7.  A  pliOe  of  zinc,  a  white  precipitate^  or 
metallic  lead. 

Most  of  the  acids  attack  lead.  The  sul- 
phuric does  not  act  upon  it,  unless  it  be 
concentrated  and  boiling.  Sulphurous  acid 
gas  escapes  during  this  process,  and  the  acid 
is  decomposed.  When  the  distillation  is  car- 
ried on  to  dryness,  a  saline  white  mass  re- 
mains, a  small  portion  of  which  is  soluble  in 
watar,  and  is  the  sulphate  of  lead ;  it  afibrds 
crystals.  The  residue  of  the  white  mass  is 
an  insoluble  sulphate  of  lead.  It  consists  of 
&  acid  -f- 14  protoxide. 

Nitric  acid  acts  strongly  on  lead. 

The  nitrate  solution,  by  evaporation,  yields 
tetrahedral  crystals,  which  are  white,  opaque, 
possess  considerable  lustre,  and  have  a  sp.  gr. 
of  4u  They  dissolve  in  7.6  parts  of  boiling 
water.  Hiey  consist  of  6.75  add  -(-  14 
protoxide ;  oi'  nearly  1  -(-  2. 

A  suhnitrate  may  be  formed  in  pearl- 
coloured  scales,  by  boiling  in  water  equal 
weights  of  the  nitrate  and  protoxide. 

A  subnitrate  of  lead  may  be  formed,  by 
boiling  a  solution  of  10  parts  of  the  nitrate 
on  7.8  of  metallic  lead.  If  more  of  the 
metal  be  used,  a  quadro-snbnitrate  results. 
By  saturating  one-half  of  the  oxide  of  the 
subnitrate  with  the  equivalent  proportion  of 
sulphuric  add,  a  neutral  nitrate  is  formed. 

Muriatic  add  acts  directiy  on  lead  by 
heat,  oxidizing  it,  and  dissolring  part  of  its 
oxide. 

Acetic  acid  dissolves  lead  and  its  oxides ; 
though  probably  the  access  of  air  may  be 
necessary  to  the  solution  of  the  metal  itself 
in  this  acid.  WhiU'lead^  or  cerutCf  u  made 
by  roNing  leaden  plates  spirally  up,  so  as  to 
lei^ve  the  space  of  about  an  inch  between 
each  coil,  and  pladng  them  vertically  in 
earthen  pots,  at  the  bottom  of  which  is  some 
good  vinegar.  The  pots  are  to  be  covered, 
and  exposed  for  a  length  of  time  to  a  genUe 
heat  in  a  sand  bath,  or  by  bedding  them  in 
dung.  The  vapour  of  the  vinegar,  assbted 
by  the  tendency  of  the  lead  to  combine  with 
the  oxygen  which  is  present,  corrodes  the 


lead,  and  coufeits  the  external  portion  intoi 
a  white  substance^  which  comes  off  in  iakea 
when  the  lead  is  uncoiled.  The  plates  are 
thus  treated  repeatedly,  until  they  are  cor-' 
roded  through.  Ceruse  is  the  only  white- 
used  in  oil  paintings.  Commonly  it  is  adul- 
terated with  a  mixture  of  chalk  in  the  shopa. 
It  may  be  dissolved  vrithout  difficulty  in  the 
acetic  add,  and  affords  a  crystallizable  salt, 
called  sugar  of  lead^  from  its  sweet  taster 
This,  like  all  tiie  preparations  of  lead,  is  a 
deadly  poison.  The  common  sugar  of  lead 
is  an  acetate ;  and  Goulard*s  extract,  made 
by  boiling  litharge  in  vinegar,  a  subacetateb 
The  power  of  this  salt,  as  a  coagulator  of 
mucus,  is  superior  to  the  other.  If  a  bit  of 
zinc  be  suspended  by  brass  or  iron  wire,  or 
a  thread,  in  a  mixture  of  water  and  the  ace^ 
teteof  lead,  the  lead  will  be  revived,  and 
form  an  arbor  Satumi. 

The  acetate,  or  sugar  of  lead,  is  usually 
crystallized  in  needles,  which  have  a  silky 
appearance.  They  are  fiat  four-aided  prisma 
vrith  dihedral  summits.  Ite  sp.  gr.  is  2.345. 
It  is  soluble  in  three  and  a  half  times  ita 
weight  of  cold  water,  and  in  somewhat  less 
of  boiling  water.  Its  constituenta  are>  26.96 
add  4-  56.71  base  4. 14.32  water.— .^ffrw- 
Uu$. 

.  Tlie  subacetate  crystallizes  in  plates,  and 
is  composed  of  20  add  -f-  80  base ;  or  •  1 
prime -f- 2.  The  sulphuret,  sulphate,  car- 
bonate, pliospbate,  arseniate,  and  chromsM 
of  lead,  are  found  native,  and  wUl  be  de- 
scribed among  its  Ores. 

When  lead  is  alloyed  with  an  equal  wdght 
of  tin,  or  perhaps  even  less,  it  ceases  to  be 
acted  on  by  rinegar.  Acetate  and  subacetate 
of  lead  in  solution  have  been  used  as  external 
applications  to  inflamed  surfaces  and  scrofu^ 
lous  sores,  and  as  eye-washes.  In  some  ex- 
treme cases  of  h»morrhagy  from  the  lungs  and 
bowels,  and  uterus,  the  former  salt  has  been 
prescribed,  but  rarely  and  in  minute  doses,  as 
a  corrugant  or  astringent.  The  colic  of  the 
painters,  and  that  formerly  prevalent  in  certain 
counties  of  England  from  the  lead  used  in  the 
cyder  presses,  show  the  very  deleterious  opei^ 
ation  of  the  oxide  or  salts  of  this  metal,  when 
habitually  introduced  into  the  system  in  the 
minutest  quantities  at  a  time.  Contraction  of 
the  thumbs,  paralysis  of  the  band,  or  even  of 
the  extremities,  have  not  unfrequentiy  super- 
vened. A  course  of  sulphuretted  hydrogen 
vraters,  laxatives,  of  which  sulphur,  castor- 
oil,  sulphate  of  magnesia,  or  calomel,  should 
be  prefSerred,  a  mercurial  course^  the  hot  sea- 
bath,  and  electridty,  are  the  appropriate  reme- 
dies. 

Dealers  in  wines  have  occasionally  sweet- 
ened them,  when  acescent,  with  litharge  or  its 
salts.  This  deleterious  adulteration  may  be 
detected  by  sulphuretted  hydrogen .  water, 
which  will  throw  down  the  Uad  in  the  slate 
of  a  dark  brown  sulpburet     Or,  subcaibo- 
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<f  taamOtoMt  ivbich  is  m.  ymj  ddicite 
titty  notj  be  «n[doyfld  to  predfiitate  the  lead 
ip  the  flttte  of  a  white  cartMniate ;  whicl^  oa 
bdng  waabed  and  digested  with  suiphurectad 
bydrogeo  water,  will  ioitantly  become  black. 
If  the  white  precipitate  be  gentljr  heated*  it 
will  beooDie  yellow,  and,  on  charcoal  before 
the  blowpipe,  it  will  yield  a  globule  of  lead. 
Cbronate  of  polaab  will  throw  down  from 
saturnine  solutions  a  beautiful  onuige-yellow 
powder.  Burgundy  wine,  and  all  such  as 
contain  tartar,  will  not  hold  lead  in  lolutioo, 
VI  consequence  of  the  insolubility  of  the  taiw 
Uate. 

The  proper  counter.{)oison  fbr  a  dangerans 
dose  of  sugar  of  lead  is  solution  of  Epsom  or 
Crlauber  wit,  libenlly  swallowed ;  either  of 
which  medicines  instantly  converts  the  poU 
iooous  aoetale  of  lead  into  the  inert  and  in* 
noxious  sulphate. 

Sugar  has  been  found  to  neutralise  the 
poisonous  action  of  acetate  of  lead ;  and 
therefore  may  be  regaided  as  an  excellent 
antidote  to  it.  Sugar  readily  dissolves  the 
protoxide  of  lead ;  and  it  deprives  the  brown 
oxide  of  its  exosss  of  oxygen,  and  then  div 
solves  it-*- F(i^/. 

Oils  dissolve  the  oxide  of  lead,  and  become 
thick  and  consistent ;  in  which  state  they  are 
vwd  as  the  bssb  of  plasters,  cements  for 
water-works,  paints,  Ac 

Sulphur  readily  dissolves  lead  in  the  dry 
way»  and  produces  a  brittle  compound,  of  a 
deep  grey  colour  and  brilliant  appearance^ 
which  is  much  less  fusible  than  lead  itself;'^ 
a  property  which  is  oommon  to  all  the  com- 
biuations  of  sulphur  with  the  more  funble 
metals. 

Phosphoric  acid,  exposed  to  heat  together 
with  charcoal  and  lead,  becomes  converted 
into  phosphorus,  which  combines  with  the 
metaL  lliis  combination  does  not  greatly 
differ  irom  ordinary  lead:  it  is  malleable, 
and  easily  cut  with  a  knife ;  but  it  loses  its 
brilliancy  more  speedily  than  pure  lead ;  and 
whan  fused  upon  cbarroal  with  the  blowpipe^ 
the  phosphorus  bums,  and  leaves  the  lead 
behind. 

Xitbaige  fused  with  common  salt  decom« 
poses  it ;  the  lead  unites  with  the  muriatie 
add,  and  £(vnis  a  yellow  compound,  used  as 
a  pigment.  The  same  decomposition  takes 
place  in  the  humid  way,  if  common  salt  be 
macerat<»d  with  litharge;  and  the  solution 
will  contain  caustic  alkali. 

Lead  unites  with  most  of  the  metals. 
Gold  and  silver  are  dissolved  by  it  in  a 
slight  red  heat.  Both  these  metals  are  said 
to  be  rendered  brittle  by  a  small  admixture 
of  lead,  though  lead  itself  is  rendered  more 
ductile  by  a  small  quantity  of  them.  Fla- 
tina  forms  a  brittle  compound  with  lead; 
mercury  amalgamates  with  it ;  but  the  lead 
is  sepamtad  £rom  the  mercury  by  agitation^ 
in  the  form  of  an  impalpable  bhick  powder. 


oxyg«n  being  at  the  aanM  time  abaoibed* 
Cq[>per  and  lead  do  not  unite  but  willi  • 
strong  beat  If  lead  be  heated  so  as  to  boil 
and  smoke,  it  soon  dissolves  pieces  of  copper 
thrown  into  it :  the  mixtunv  when  cold*  is 
brittle.  Hie  union  of  these  two  metals  is 
remaricably  slight;  for,  upon  exposing  the 
mass  to  a  heat  no  greater  than  that  in  which 
lead  melt^  the  l«tfl  almost  entirely  runs  off 
by  itself.  This  process  is  called  diquatioa. 
'Rie  coerser  sorts  ^  lead,  which  ovre  their 
brittleness  and  granulated  texture  to  an  ad- 
mixture of  copper,  throw  it  up  to  the  surfroe 
on  being  melted  by  a  small  beat.  Iron  does 
not  unite  with  lead,  as  long  as  both  substances 
retain  their  metallic  form.  Tin  unites  very 
easily  vrith  this  metal,  and  forms  •  com- 
pound, which  is  much  more  fusible  tbffs 
lead  by  itself  and  is,  for  this  reason,  used  as 
a  solder  for  lead.  Two  parts  of  lead  aod 
one  of  tin  form  an  alloy  more  Aisible  than 
either  metal  alone :  this  is  the  solder  of  the 
plumberk  Bismuth  combines  readily  with 
lead,  and  affords  a  metal  of  a  foie  ckat 
grain,  but  very  brittle.  A  mixture  of  ei^ 
parts  btsrouth,  five  lead,  and  three  tin,  will 
melt  in  a  heat  which  is  not  sufficient  t» 
cause  water  to  boil.  Antimony  foroN  a 
brittle  alloy  with  lead.  Nickel,  cobalt,  vmk 
ganese^  and  zinc,  do  not  unite  with  lead  by 
fusion. 

All  the  oxides  of  lead  are  easily  revived 
with  heat  and  carbon. 

LEATHEB.  The  skins  of  animals  pre- 
pared by  maceration  in  lime  water,  and  aAetw 
wards  combined  with  astringent  substances^ 
See  TjMmvG, 

LEAVES  OF  PLAKT&     S«e  Cuu>- 

IIOFHYLE. 

LEELITE.  A  red  siliceous  stone  found 
at  Gryphytta  in  Westmsnoia,  It  haa  tb^ 
same  lustre  and  transluoency  as  horn ;  frac- 
ture splintery;  sp.  grav.  2.71.  Its  consti* 
tucnts  are,  silica  75,  alumina  28,  maugia' 
nese8.5,  water  0.5.-^Z>r  Oorifce. 

LE£S(SOAP)u   See POTAfii;  also  SoAf. 

LEGUMINE.  A  principle  extracted 
from  dry  peas,  somewhat  like  starch,  but  dif- 
fering in  being  insoluble  in  boiling  water. 

LEMONS.     See  AdP  (Citjuc). 

LEMNIAN  EARTH,  or  SnuL^omB. 
Colour  yellowish-grey,  and  frequently  mar- 
bled  with  rusty  spots;  dull;  fracture  fine 
earthy ;  meagre  to  the  feel ;  adheres  slightly 
to  the  tongue;  when  plunged  in  wat«r,  it 
falls  to  pieces  with  disengagement  of  air^ 
bubbles.  Its  constituents  are,  ^  silica,  14b^ 
alumina,  0.25  magnesia,  0.25  lime,  3.5  sods, 
6oxideofiron,S.5water.-- AT^d/yrpU.  Ithse 
hitherto  been  found  only  in  the  island  of  Sta** 
limene  (ancient  Lemnos).  It  is  reckoned  a 
medicine  in  Turkey ;  and  is  dug  up  only  OMS 
a-year,  with  religious  solemnities,  cut  into 
spindlershaped  pieces,  and  stamped  with  • 
seal.    It  was  esteemed  an  antidote  to  poison 


LEUCINK.  578  LIBAVIU& 

and  Ibe  plfgut  in  Homer*t  time;  « luftam  to  a  ftir  drd|ks  of  tttusturs of  galls.     When  tbas 

wkich  it  his  not  the  least  cltiin*  purified  it  has  the  following  properties  :-^Its 

LENZINITE.     1.  Opaline.    A  nuncral  taste  b  agreeable,  like  that  at  beef  soup ;  ita' 

ofa  milk-white  colour,  in  small  pieces,  smooth  density  is  a  little  leas  than  that  of  water: 

and  slightly  greesy  to  the  touch,  and  surfiice  When  heated  in  a  small  gliis  retort,  it  melts 

not  shining ;  fractOTe  conchoidal ;  transpa-i  when  the  temperature  is  abote  218°  Fabr., 

rent  on  the  edges;  moderately  hard;  sectile;  diffusing  an  odour  of  broiled  meat;  partly 

adheres  to  the  tongue;  sp.  grav.  8.10 ;  it  sublimes  in  the  form  of  small  white  crystals*- 

cracks  asunder  with  a  noise  in  water.     It  granular  and  opaque ;  and  in  other  respccta 

oonsists  of  silica  37.6,  alumina  37.d»  water  it  is  decompoaed,   with  production  of  oil, 

25. — Jokiu,    8.  Argmaceoui,    Colour  snow*  ammonia,  &c.     Its  solution  in  water  is  not 

white,  sometimes  tinged  yellow  with  iron ;  affected  by  any  metallic  salt,  except  nitrate  of 

ftacture  earthy;  slightly  coherent;  adherea  mercury. 

strongly  to  the  tongue ;  tp»  grav.  1.8.    Like        Leucine  is  capable  of  uniting  with  nitric 

the  preceding,  when  exposed  to  a  red  beat,  it  acid,  and  forming  a  compound  called  NiT&o- 

becomes  hard  enough  to  scratch  glass.    It  is  LEciac  Acid. 

composed  of  silica  39^  alumina  35.6,  water        LEUCITE.    Dodecahednd  seolite  of  Ja. 

25^  lime  0.05.— JMiu.     Found  at  Kail  in  meson.  Colour  white,  whence  its  name ;  ge- 

Eifeld.  nerally  in  roundish  imbedded  grains,  or  crys- 

LEPI DOLITE.     Colour  peacb-bloseom  taUised  in  acute  double  dght^sided  pyramids; 

red,  sometimes  grey ;  massive,  and  in  small  internal  lustre  shining ;  cleavage  imperfect ; 

concretions  $  lustre  glistening,  pearly ;  clea-  fracture  imperfect  concboidal ;  trenslucent ; 

vage  angle ;  fracture  coarse  splintery  ;  feebly  refbcts  single ;  harder  than  apatite,  but  softer 

translucent;  soft;  rather  tectile;  rather  easily  than  felspar;    brittle;   sp.  gr.  8.5.     With 

ftangible;  sp.  gr.  8.6to8.&    Itintumesces  borax  it  fuses  into  a  brownish  transparent 

before  tlie  blowpipe,  and  melts  easily  into  a  glass.     Its  constituents  are,  56  silica,  80  alu- 

milk-white  translucent  globule.     Its  consti-  mina,  80  potash,  2  lime,  and  2  loss.— >ratc-> 

tuents  are,  54  silica,  80  alumina,  18  potash,  quelin.     It  is  almost  peculiar  to  Italy,  occur- 

4  fluate  of  lime,  3  manganese,  and  I  iron.^  ring  in  trap  rocks  and  lavas,  at  Albano^  Fras- 

VauqueUn.     It  occurs  in  limestone  at  DaU  cad,  and  near  Naples, 
mally,  and  on  the  north  side  of  Locbfine;        L£UTTRIT£.    A  mineral  brought  ftom 

on  the  cast  side  of  Lochleven,  nearly  opposite  Leuttra,  near  Jena  in  Saxony.    It  appears  to 

the  inn  at  Balacbulish.     It  is  found  in  many  be  a  recoroposed  rock,  analogous  to  some  of 

places  on  the  Continent.     On  account  of  its  the  sandy  varieties  of  the  E^mite.     Colour 

beautiful  colour,  it  has  been  cut  into  snuff-  greyish-white,  tinged  here  and  there  of  an 

boxes,  but  it  is  rather  soft  and  greasy  to  the  ochrey-brown. 

aspect.— t/ameftm.  LEVEYNE.  A  new  mineral,  which  oc- 
LEUCINE.  Flesh  undergoes  remarkable  curs  in  the  cavities  of  an  amygdaloid  rock, 
changes  when  treated  with  sulphuric  add.  It  from  Dalsnypen  in  Fkroe.  Cleavage  indi- 
is  to  be  cut  in  small  bits,  washed  repeatedly  stinct ;  fracture  imperfectly  conchoidal ;  lus- 
vrith  much  water,  squeexed  gradually  and  tre  vitreous ;  colour  and  streak  white ;  semi- 
strongly  in  a  canvass  bag,  and  then  ground  transparent ;  brittle ;  in  minute  crystals.^^ 
along  with  its  original  weight  of  strong  suU  Edin,  Jaumtit  ofSciefteefar  Ajml  1825. 
phuric  acid.  The ilesh  softens  and  dissolvee  LEVIO ATION.  llie  mechanical  pro- 
almost  entirely  without  any  disengagement  cess  of  grinding  the  parts  of  bodies  to  a  fine 
of  sulphurous  gas ;  and  the  solution  of  a  few  paste,  by  nibbing  the  flat  hc9  of  a  stone  call- 
clots  may  be  promoted  by  a  slight  heat,  after  ed  the  muller,  upon  a  table  or  slab  called 
which  the  whole  is  left  to  cool.  A  thin  film  the  stone.  Some  fluid  is  always  added  in 
of  fat  is  now  to  be  removed  from  the  surihce  this  process.  Ihe  advantage  of  levigation 
of  the  liquor,  and  it  is  then  diluted  krgely  with  a  stone  and  muller,  beyond  that  of  tri- 
with  water,  and  kept  at  a  boiling  tempera-  tunting  in  a  mortar,  is,  that  the  materials 
ture  for  8  or  10  hours,  adding  water  as  it  can  more  easily  be  scraped  together,  and  sub- 
evaporates.  The  liquid  is  to  be  now  saturat-  jected  to  the  action  of  the  muller,  than  in  the 
ed  with  chalk,  filtered  and  evaponted.  The  other  case  to  that  of  the  pestle ;  and,  from 
extract  thus  obtained  has  a  distinct  taste  of  the  flatness  of  the  two  suHaces,  they  cannot 
soup»  and  is  not  saccharine ;  It  does  not  pu«>     elude  the  pressure. 

trefy  :  put  in  contact  with  boiling  alcohol  it  LHERZOLITE.  Coccolite  mixed  rnnii 
partially  dissolves^  and  the  alcohol  in  cooling     serpentine. 

lets  fall  a  peculiar  white  matter.  It  is  this  LIAS  limestone  is  argillo-femiginous,  en- 
substance,  amounting  to  about  l-30th  of  the  closing  ammonites,  and  great  variety  <^  sea^ 
flesh  employed,  which  M.  Braconnot,  the  dis-  shells.  Its  geological  situation  is  under  the 
coverer,  calls  leucine  from  its  whiteness.  oolite,  as  near  BaSi.     It  is  used  in  the  litho* 

In  this  state,  the  leucine  b  not  perfectly    graphic  art. 
pure.     It  contains  a  little  animal  matter^         LIBAVIU8^(8KODN6LiauOBOF),dea- 
which  may  be  separated  fnmi  its  aolutioii  by     tochkyride  of  tin. 
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.  LICHENSL  Acoonling  to  M. 
the  Licben  Idandicus  is  compoted  of  sjnip 
mixed  with  a  little  extractive  and  vegetable 
salt  1.5,  bitter  principle  0.1)  extractive  solu- 
ble ia  water  mixed  with  calcareous  salts  0.58^ 
extractive  soluble  in  carbomite  of  potash  2.82; 
coaguUble  substance  like  gelatin  20.23»  gum 
formed  by  ebullition  0.4^,  insoluble  skele- 
ton of  the  plant  14.00. 

The  bitter  principle  may  be  separated  from 
it  by  pouring  on  500  parts  of  the  ground 
lichen,  6000  parts  of  water,  and  4000  of  a 
lye  containing  about  32  parts  of  an  alkaline 
carbonate,  and  after  digesting  it  in  this  liquor, 
to  strain  it  off  and  dry  it  It  is  now  a  palat- 
able food,  used  by  the  Icelanders. 

LICHNITE&  Tlie  ancient  name  of  Pa. 
nan  marble. 

LIEVRITE,  OR  YENITE.  Colour 
black ;  massive ;  in  distinct  concrMions ;  and 
crystallised  in  oblique  or  almost  rectangular 
Ibur-sided  prisms,  varying  from  acicular  to 
the  thickness  of  an  inch ;  lateral  planes  longi- 
tudinally streaked;  lustre  gUstening,  semi- 
metallic;  fracture  uneven;  opaque;  scratches 
glass,  and  gives  a  few  sparks  witii  steel,  but 
b  scratched  by  adularia ;  streak  unchanged ; 
easily  frangible;  sp.  gr.  3.9;  magnetic  on 
being  heated;  its  colour  at  the  same  time 
changing  to  reddish-brown :  it  melts  into  an 
opaque  black  bead,  having  a  metallic  aspect, 
and  magnetic.  Its  constituents  are,  30  silica, 
12.5  lime,  57.5  oxide  of  iron  and  oxide  of 
manganese}  the  last  of  which  forming  only  2 
or  3  parts.  It  occurs  in  primitive  limestone 
in  the  island  of  Elba. 

LIEVRITE.  Colour  blackish-green ; 
massive ;  in  distinct  concretions ;  and  crys- 
tallised in  oblique  four-sided  prisms ;  lustre 
of  the  fracture  glistening,  and  semi-metallic  ; 
fracture  uneven ;  opaque ;  sp.  gr.  4.0.  Its 
constituents  are,  silica  30,  alumina  1,  lime 
14.8,  oxide  of  iron  49,  oxide  of  manganese 
2. — Vauquelin.  It  occurs  in  primitive  lime- 
stone along  with  epidote,  quartz,  &c.  in  the 
island  of  Elba.— Jamefm. 

LIGAMENTS  are  formed  of  very  strong 
animal  fibres,  very  dense  and  elastic,  which 
connect  the  bones  of  the  several  articulations. 
They  dissolve  partially  in  water,  and  give  it 
the  property  of  jellying  when  it  cools. 

Li  GH  T.     The  agent  of  vision. 

Some  philosophers  regard  light  as  consist- 
ing of  particles  of  inconceivable  minuteness, 
emitted  in  succession  by  luminous  bodies, 
which  move  in  straight  lines  at  the  rate  of 
900,000  miles  per  second. 

Others  conceive  that  it  consists  in  certain 
undulations,  communicated  by  luminous  bo- 
dies to  an  ethereal  fluid  which  fills  all  space. 
This  fluid  is  composed  of  the  most  subtile 
matter,  is  highly  elastic,  and  the  undulations 
are  propagated  through  it  with  great  velocity, 
in  spherical  superficies  proceeding  from  a 
centre.     This  view  derives  great  plausibility 


from  Its  happy  applicatioD  bj  Hvygeam  to 
explain  a  very  difiicult  dass  of  optical  pbeoo- 
mena,  the  double  refraction  of  calcareous  spar 
and  other  bodies. 

The  common  refraction  is  explained  by 
Huygens  on  the  supposition,  that  the  undu- 
lations in  tiie  luminous  fluid  are  propagated 
in  the  form  of  spherical  waves.  Hie  double 
refraction  is  explained  on  the  supposition, 
that  the  undulations  of  light,  in  passing 
through  the  calcareous  spar,  assume  a  sphe- 
roidal form ;  and  this  hypothesis,  though  it 
does  not  apply  with  the  same  simplicity  as 
the  former,  yet  admits  of  such  precision,  that 
a  proportion  of  the  axes  of  the  spheroids  may 
be  assigned,  which  will  account  for  the  pre- 
cise quantity  of  the  extraordinary  refraction, 
and  for  all  the  phenomena  dependent  on  it, 
which  Huygens  had  studied  with  great  care, 
and  had  reduced  to  the  smallest  number  of 
general  frets. 

"  Tliat  these  spheroidal  undulations  aic- 
tually  exist,'*  says  the  celebrated  Flayfair, 
'<  be  would  after  all  be  a  bold  theorist  who 
should  aflirm;  but  tiiat  the  supposition  if 
their  existence  is  an  accurate  expression  of 
the  phenomena  of  double  refraction,  cannot 
be  doubted.  When  one  enunciates  the  hy- 
pothesis of  the  spheroidal  undulations,  he  in 
fact  expresses  in  a  single  sentence  all  tbe 
phenomena  of  double  refraction.  The  hypo- 
thesis is  therefore  the  means  of  representing 
these  phenomena,  and  the  laws  which  they 
obey,  to  the  imagination  or  the  understand- 
ing ;  and  there  is  pertiaps  no  theory  in  optics, 
and  but  very  few  in  natural  philosophy,  of 
which  more  can  be  said.  Theory  therefore^ 
in  this  instance^  is  merely  to  be  regarded  as 
the  expression  of  a  general  law,  and  in  that 
light  I  think  it  is  considered  by  Ia  Flnce.'* 

Dr  Young  has  selected  from  Stf  Isaac 
Newton's  various  writings,  many  passages 
frvourable  to  the  admission  of  the  undul*- 
tory  theory  of  light,  or  of  a  luminiferous  ether 
pervading  the  universe,  rare  and  elastic  in  a 
high  degree.  **  Is  not  the  heat  (of  the  warm 
room)  conveyed  through  the  vacuum  by  die 
vibrations  of  a  much  subtiler  medium  than 
air  ?  And  is  not  this  medium  the  same  with 
that  medium  by  which  light  is  reflected  and 
refracted,  and  by  whose  vibrations  light  com- 
municates heat  to  bodies,  and  is  put  into  fits 
of  easy  reflection  and  easy  transmission? 
And  do  not  the  vibrations  of  this  medium  in 
hot  bodies  contribute  to  the  intenseness  and 
duration  of  their  beat  ?  And  do  not  hot  bodies 
communicate  their  heat  to  contiguous  cold 
ones,  by  the  vibrations  of  this  mcndium,  pro- 
pagated from  them  into  the  cold  ones?  And 
is  not  this  medium  exceedingly  more  rare 
and  subtile  than  the  air,  and  exceedingly  more 
elastic  and  active?  And  doth  it  not  readily 
pervade  all  bodies  ?  And  is  it  not  by  its  eb»- 
tic  force  expanded  through  all  the  heavens?** 
**  If  any  one  would  ask  how  a  medium  can 
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b6  to  nrCf  uft  hSok  tril  bw  how  m  dcctnc 
body  can  by  friction  emit  an  exhalation  so 
rare  and  aobtile,  and  yet  so  potent?  And 
bow  the  efBufia  of  a  magnet  can  pass  through 
a  plate  of  glass  without  resistance,  and  yet 
turn  a  magnetic  needle  beyond  the  glass?"-— 
Optics,  Qu.  18.  22.  **  Were  I  to  assume  an 
hypothesis,  it  should  be  this,  if  propounded 
more  generally,  so  as  not  to  determine  what 
light  is,  farther  than  that  it  is  something  or 
other  capable  of  exciting  vibrations  in  the 
ether ;  for  thus  it  will  become  so  general,  and 
comprehensive  of  other  hypotheses,  as  to  leave 
little  room  for  new  ones  to  be  invented.**^ 
Sirch,  iii.  2i9. 

Dr  Young  shows,  that  many  phenomena 
inexplicable  on  the  notion  of  radiating  cor- 
puscles, are  easily  reconciled  to  the  theory  of 
undulation.  "  On  the  whole,'*  says  tliis  pro- 
found  philosopher,  "  it  appears  that  the  few 
optical  phenomena  which  admit  of  explana- 
tion 1^  the  corpuscular  system,  are  equally 
consistent  with  this  theory ;  that  many  others 
which  have  been  long  known,  but  never  un- 
derstood, become  by  these  means  perfectly 
intelligible;  and  that  several  new  fiicts  are 
fonnd  to  be  thus,  only,  reducible  to  a  perfect 
analogy  with  other  facts,  and  to  the  simple 
principles  of  the  undulatory  system." — Nat. 
PhiL  vol.  ii.  p.  631. 

That  the  new  discoveries  on  polarized  light 
may  be  more  easily  referred  to  the  corpus- 
cular than  undulatory  hypothesis,  has  been 
|oo  hastily  asserted. 

The  physical  affections  of  light  are  foreign 
to  this  work.  Its  chemical  relations  are  alone 
to  be  considered.  These  may  be  conveniendy 
referred  to  four  heads  :— 

1.  Of  the  mean  refractive  and  dispersive 
powers  of  different  bodies. 

2.  Of  the  action  of  the  diff*erent  prismatic 
colours  on  chemical  matter. 

3.  Of  the  polarization  of  light. 

4).  Of  the  absorption  and  disengagement 
of  light,  or  phosphorescence. 

I.  Newton  first  discovered  that  certain 
bodies  exercise  on  light  a  peculiar  attractive 
force.  When  a  ray  passes  obliquely  from  air 
into  any  transparent  liquid  or  solid  surface, 
it  undergoes  at  entrance  an  angular  flexure, 
which  is  called  refraction.  The  variation  of 
this  departure  from  the  rectilineal  path  for 
any  particular  substance,  depends  on  the  ob- 
liquity of  the  ray  to  the  refracting  surface ; 
so  that  the  sine  of  the  angle  of  refraction  is 
to  that  of  the  angle  of  incidence  in  a  constant 
ratio.  Now  Newton  found,  that  unctuous 
or  inflammable  bodies  occasioned  a  greater 
deviation  in  the  luminous  rays  than  their  at- 
tractive mass  or  density  gave  reason  to  ex- 
pect. Hence  he  conjectured,  that  both  dia- 
mond and  water  contained  combustible  mat- 
ter,—«  sagacious  anticipation  of  future  che- 
mical discovery. 

Dr  Wollaston  invented  a  very  ingenious 


apparalnsy  in  which,  by  means  of  a  rectan- 
gular prism  of  flint  glass,  the  index  of  refrac- 
tion of  each  substance  is  read  off*  at  once  by 
a  vernier,  the  three  sides  of  a  moveable  trials 
gle  performing  the  op«»rations  of  reduction 
in  a  very  compendious  manner.—PAt^  IVonf. 
1802,  or  Nicholson's  JoumtUt  8va  voL  iv. 
p.  89. 

But  transparent  media  occasion  not  merely 
a  certain  flexure  of  the  white  sunbeam,  called 
the  mean  rejractionf  they  likewise  decompose 
it  into  its  constituent  colours.  This  effect  is 
called  dispersion.  Now  the  mean  refractive 
and  dispersive  powen  of  bodies  are  not  pro- 
portional to  each  other.  In  some  refracting 
media,  the  mean  angle  of  refraction  is  larger, 
whilst  the  angle  of  dispersion  is  smaller ;  and 
in  other  reftracting  media,  the  mean  angle  of 
refraction  is  smaller,  whilst  the  angle  of  di^ 
peision  is  larger.  In  short,  the  knowledge 
of  the  mean  refractive  power  of  a  given  sub* 
stance  will  not  enable  us  to  determine  its 
dispersive  power,  and  vice  versa. 

From  the  refrsctive  power  of  bodies  vra 
may  in  many  cases  infer  their  chemical  con- 
stitution. For  discovering  the  purity  of  essen-* 
tial  oils,  an  examination  with  Dr  WoUaston's 
instrument  may  be  of  considerable  utility,  on 
account  of  the  smallness  of  the  quantity  r^ 
quisite  for  trial.  *<  In  oil  of  cloves,  for  in- 
stance, I  have  met  with  a  wide  difference.* 
The  refractive  power  of  genuine  oil  of  cloves 
is  as  high  as  1.535;  but  I  have  also  pur- 
chased oil  by  this  name  which  did  not  exceed 
1.498,  and  which  bad  probably  been  adulto« 
rated  by  some  less  refrsctive  oiL"  This  fine 
idea,  suggested  by  Dr  Wollaston,  has  been 
happily  prosecuted  by  M.  Biot,  with  regard 
to  gaseous  compounds.  I  shall  first  give 
general  tables  of  the  refractive  and  disper- 
sive powers  of  different  bodies,  and  then 
make  some  remarks  on  their  chemical  appli- 
cations :— 

Index  of  RefneUan. 

A  vacuum,  1.00000 

Amospheric  air,  (mean),  1.00033 

Ice,  W.  1.31000 

Ice,  Brewster,  1.30700 

Water,  )  1.336 

Vitreous  humour,  )    Cryolite,  B.  1.344 

Ether,  Wol.  1.358 

Albumen,  W,  1.360 

Alcohol,  W.  1.370 

Saturated  solut.  of  salt,     Cavallo^  1.375 

Solution  of  sal  ammoniac,  1.382 

Nitric  acid,  sp.  gr.  1.48,         W.  1.410 

Fluor-spar,  W.  1.433 

Sulphuric  spar,  W.  1.435 

Spermaceti,  melted,  W.  1.446 

Crystalline  lens  of  an  ox,         W.  1.447 

Alum,  W.  1.457 

Tallow  melted,  W.  1.460 

C  1.467 


Oil  of  lavender, 


W. 
C. 


1.467 

(1.469) 
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Index  «f 

BsfWiCtlsi 

Oilor|Mp|Mfiaiot» 

W. 

1.468 

Oiiofolhres, 

W. 

1.469 

Oaof•l1llondi^ 

w. 

1.470 

Oil  of  turpentine^  rcctifteil. 

w. 

1.470 

0o«                  coniBODi 

w. 

1.476 

EMence  of  lemon. 

w. 

L476 

Butter,  cold, 

w. 

1.4S0 

lioMcd  oil, 

w. 

1.465 

Ceinphor, 

w. 

1.467 

Icebnd  tpar,  weakest  ivfr. 

w. 

1.466 

Do*            alrongeet  do. 

w. 

(1.657) 

Tallow,  cold. 

w. 

1.49 

Sulphate  of  potash. 

w. 

1.465 

Oil  of  nutmeg, 

w. 

1.497 

French  pUte-glaie, 

w. 

1.500 

English  pbte-glaas. 

w. 

1.504 

Oil  of  amber, 

w. 

1.505 

Bakam  of  capiti, 

w. 

1.507 

Gum-arabic, 

w. 

1.514 

Dutch  plate^gkuB, 

w. 

1.517 

Caoutchouc, 

w. 

1.594 

Nitre, 

c. 

1.504 

Selenite, 

w. 

1.5S5 

Crown-glasB,  coannon. 

w. 

1.525 

Canada  balsam. 

w. 

1.586 

Centre  of  the  crystalline  of 

) 

fish,  and  dry  crystalline 

(w. 

1.530 

of  anoi. 

) 

Filch, 

w. 

RaddiiRi  crown-glass, 

w. 

1.568 

Anime, 

w. 

1.535 

Copal, 

w. 

1.535 

Oil  of  dotes. 

w. 

1.535 

White  wax,  cold,    " 

Ekmi, 

Mastie, 

Aneniaie  of  potash,  V 

w. 

\ 

Sugar,  after  fusion. 

Spermaced,  cold, 

Red  sealing-wax,    ^ 

Oil  of  saaiaftas, 

w. 

1536 

Bees-wax, 

w. 

1.542 

Boxwood, 

w. 

Colophony, 

w. 

1.543 

Old  pUte-glaas, 

w. 

1.545 

Rock  crystal,  (double), 

w. 

1.547 

Amber, 

w. 

1.547 

c. 

(1.556) 

Opium, 

w. 

Mica, 

w. 

FbOflt^ionis, 

w. 

1.579 

Horn, 

w. 

FIint.gkss, 

w. 

p.563 
h*M6 

Bentoin, 

w. 

Guaiacom, 

w. 

1.596 

Balsam  of  Tolu, 

w. 

L600 

Sulphate  of  baryta,  (double  B.)W. 

1.646 

Iceland  spar,  (strongest), 

w. 

1.657 

Gum  dragon, 

w. 

Cartntret  of  sulphur, 

Br. 

1.660 

White  sapphire, 

w. 

L768 
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Spinelle  ruby,  W. 

Jai^oo,  W. 

Glass  of  antimony,  W. 

Native  sulphur,  W. 

Do.  Brewster. 

Plumbago,  W. 

Phosphorus,  Brewster, 

Diamond,       Newton,  by  Dr  W. 

Do.  Rocfaon, 

Realgar,  Brewster, 

Chromate  of  lead,  (least  refr. ),  do. 

Do.  (greatest  refr.),  do. 


1.8» 
1.950 

i.deo 

2.040 
2.115 

2.224 
2.440 
2.755 
2.510 
2.479 
8.926 


TABLE  IL^Refhtcling  Powen  of  Gata 
for  the  temperature  ^32?  F,  and  prettmre 
30,  6y  MM*  Biot  and  Arago, 


Atmospheric  air, 

Oxygen, 

Azote, 

Hydrogen, 

Ammonia, 

Carbonic  acid, 

Subcarburetted  hydrogen. 

Muriatic  acid  gas, 


1.00000 
a86161 
1.0:M08 
6.61438 
2.16851 
1.00476 
2.09270 
L 19625 


Muriate  of  antimony,  Tariable,  W. 
Arsenic,  (a  good  tekt),  W. 


1.811 


Hie  following  table  of  the  refractive  pow- 
ers of  gases  at  the  same  temperature  and 
pressure,  that  of  air  being  taken  at  unity,  ia 
given  by  M.  Dulong : 

RcAracttve  p(»wer.   Oentity. 
Atmospheric  air. 
Oxygen, 
Hydrogen, 
Axote, 
Chlorine, 
Oxide  of  axote, 
Nitrous  gas. 
Muriatic  add. 
Oxide  <A  carbon, 
Caibonic  acid. 
Cyanogen, 
Oleflant  gas. 
Gas  of  marshes, 
Muriatic  ether, 
Hydrocyanic  add, 
Ammonia, 
Oxichloro-carbonic, 
Sulphuretted  hydrogen. 
Sulphurous  add. 
Sulphuric  etlier. 
Carburet  of  sulphur, 
Sub-phospburet  hydrogen,  2.682 

J[m\»  de  Chim.  et  de  Pkyi.  xtxi.  166, 

TABLE  HI.— Duptfrs<M  Powen. 


Cryolite, 

Fluor-spar, 

Water, 

Diamond, 

FUnt-glan,  (highest), 

Carburet  of  sulphur, 

I1io«;pliorus, 


1. 

1. 

0.924 

1.1026 

0.470 

0.0665 

1.020 

0.9760 

2.623 

a47 

1.710 

L527 

1.030 

1.039 

1.527 

1.254 

J.157 

a972 

1.526 

1.524 

2.832 

1.818 

2.302 

0.980 

1.504 

0.559 

a720 

2.234 

1.531 

0.944 

1.309 

0.591 

a936 

a44« 

2.187 

M78 

2.260 

2.247 

5.197 

2.580 

5.110 

2.614 

2.682 

1.256 

Brewster, 

0.022 

do. 

0.082 

do. 

aos5 

da 

0.038 

do. 

0.092 

do. 

aii5 

da 

0.128 

LIGHT. 
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*«lph«r,  Brewster,    0.130 

Oilofctnia,  da         0.139 

l^c^g"*  do,         0.855 

ChitHnateof  lead,  (least  fefr.)  do.         0.262 

I>o.    (greatest  lefr.)  do.         0.400 

Carburet  of  sulphur  exceeds  all  fluid  bodies 

in  refiacti?e  power,  surpassing  eren  flint- 

j[lass,  topas,  and  tounnaline ;  and  in  disper- 

aive  power  it  exceeds  every  fluid  substance, 

except  oil  of  cassia,  holding  an  intermediate 

place  between  phosphorus  and  balsam  of 

Tolu. 

Dr  Brewster  has  further  shown,  that  all 
doubly  reflecting  crystals  hare  two  diq>er- 
ai?e  powers. 

Aom  Table  IL  it  appears  that  the  refrao. 
tive  power  of  hydrogen  gas  greatly  surpasses 
not  only  that  of  the  other  gases,  but  of  all 
known  bodies.  Hiis  principle  existo  in  great 
abundance  in  resins,  oils,  and  gums,  where 
it  is  united  to  carbon  and  oxygen ;  and  we 
must  probably  ascribe  to  it  the  eminent  re. 
fractive  power  of  these  combustibles,  so  justly 
observed  by  Newton.  This  effect  of  hydro- 
gen  is  finely  displayed  in  ammonia,  whose  re- 
fractive  power  is  more  thali  double  that  of 
air,  and  much  superior  to  that  of  water. 

But  since  every  substance  ought  to  intra, 
duce  into  its  combinations  its  peculiar  cha- 
racter, and  preserve  in  them  to  a  certain  de- 
gree the  force  with  which  it  acts  on  light,  let 
us  endeavour  to  calcukte,  in  this  point  of 
view,  the  refractive  influence  of  the  constU 
tuents  <^  a  compound.  From  our  know- 
ledge of  the  extreme  tenuity  of  light,  it  is 
probable,  that  the  influence  of  a  moderate 
chemical  condensation  ought  to  affect  its  ope- 
rations very  slighdy ;  for  whether  it  be  an 
ether  or  a  corpuscular  emanation,  the  exces- 
sive minuteness  of  its  particles,  compared  to 
the  distances  between  the  molecules  of  bodies, 
ought  to  render  the  change  of  distance  among 
the  latter  unimportant.  Consequently,  the 
refracting  powers  of  bodies  ought  to  diflfer 
Tery  little  from  those  of  their  elements,  un- 
less a  very  great  degree  of  condensation  has 
taken  plsce. 

Hence,  if  we  multiply  the  proportions  of 
asole  and  oxygen  respectively  by  their  refrac- 
tive powers,  we  shall  obtain  products,  whose 
sums  will  coincide  with  the  refractive  power 
of  the  atmosphere.  Thus,  100  parts  by  weight 
.  of  the  atmosphere,  consist  of  azote  77.77  4. 
oxygen  22.22.  If  we  multiply  each  of  these 
numbersbythennmberrepresentingtherefTBc-. 
tive  power  of  the  body,  and  making  a  small  cor- 
rection  for  the  carbonic  acid  present^  we  shall 
have  for  the  sum  of  the  products  1.0000. 

Ammonia,  however,  furnishes  a  more  in- 
teresting example  of  the  application  of  these 
principles. 

The  refractive  power  of  hydro- 
gen i»,  -  -  -        6.61436 

of  azote,  1.03406 

of  ammonia,       2. 1 6651 


Let  X  be  the  weight  of  the  constituent, 
whoie  refWutive  power  is  a 

jfs=  lOO^xss  that  whose  power  is  b 

and  call  the  refractive  power  of  the 

compound  ^ 


Henxs 


c  — 6 


2.16851  —  1.03406 


In    the    present    case^ 


=  0.203,  and 


6.61436—1.03406 
100  — a?  =ss  0.797  =  the  azote  in  100  parts 
of  ammonia ;  which  mAy  be  regarded  as  an 
approximation.  The  true  proportions  given 
by  the  equivalent  ratios  are,  0.623  azote  4- 
0. 1 77  hydrogen.  If  the  refractive  power  of 
ammonia  were  2.0216,  then  the  chemical  and 
optical  analysis  would  coincide. 

If  we  calculate,  on  the  above  data,  what 
ought  to  be  the  refractive  power  of  water,  as 
a  compound  of  6  parts  of  oxygen  -}- 1  hydro- 
gen, we  shall  obtain  the  number  1.50065, 
which,  being  multiplied  by  0. 45302,  the  ab- 
solute refractive  power  of  air,  when  we  take 
the  density  of  water  for  unity,  we  shall  have 
a  product  =  0.67984.  Now,  according  to 
Newton's  estimate,  which  M.  Biot  has  found 
to  be  exact,  the  refractive  power  of  water  is 
0.7645.  Hence  we  see,  that  the  compound 
has  acquired  an  increased  refractive  force  by 
condensation,  above  the  mean  of  its  consti- 
tuents, in  the  ratio  of  100  to  86^. 

Rays  of  light,  in  traversing  the  greater 
number  of  crystallized  bodies,  are  commonly 
split  into  two  pencils;  one  of  which,  called 
the  ordinary  ray,  follows  the  common  laws  of 
refraction,  agreeably  to  the  preceding  tables, 
whilst  the  other,  called  the  extraordinary  ray, 
obeys  very  different  laws.   This  phenomenon 
is  produced  in  all  transparent  crystals,  whose 
primitive  form  is  neither  a  cube  nor  a  regular 
octohedron.     The  division  of  the  beam  is 
greater  or  less,  according  to  the  nature  of  the 
crystal,  and  the  direction  in  which  it  is  cut* 
But  of  all  known  substances,  that  which  pro- 
duces this  phenomenon  in  the  roost  eneigetie 
manner  is  the  rhomboidal  carbonate  of  lime, 
commonly  called  island  spar. 

II.  Of  the  action  of  the  different  coloured 
rays.  If  the  white  sunbeam,  admitted  through 
a  small  hole  of  a  window-shutter  into  a  dark- 
ened room,  be  made  to  pass  through  a  trian- 
gular prism  of  glass,  it  will  be  dirided  into 
a  number  of  splendid  colours,  which  may  be 
thrown  upon  a  sheet  of  paper.  Newton  as- 
certained, that  if  this  coloured  image^  or  spec- 
trum as  it  is  called,  be  dirided  into  360  parts, 
the  red  will  occupy  45,  the  orange  27,  the 
yellow  46^  the  green  60,  the  blue  60,  the 
indigo  40,  and  the  violet  80.  The  red  rays 
being  least  bent  by  the  prism  from  the  direc- 
tion of  the  white  beam,  are  said  to  be  least 
refracted,  or  the  least  refrangible;  while  the 
violet  rays  being  always  at  the  other  extremi- 
ty of  the  spectrum,  are  called  the  most  re- 
frangible.  According  to  Dr  Wollaston,  when 

Oo 
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the  bram  of  light  is  only  I-20th  of  an  inch  tion  will  be  occaaoned  by  the  red  rays;  tfamt 

broad,  and  received  by  the  eye  at  the  distance  the  blackening  power  will  be  greater  in  the 

of  10  feet  through  a  clear  prism  of  flint  glass,  violet  than  in  any  other  ray ;  and  that  bejond 

only  four  colours  appear,  red,  yellowisb-green,  the  violet,  in  a  space  perfet^y  obscure  to  our 

blue,  and  violet.  eyes,  the  darkening  effect  wiU  be  manifest  on 

If  the  differently  coloured  rays  of  light  the  muriate, 
thus  separated  by  the  prism  be  concentrated  This  observation,  due  to  M.  Ritter  and  Dr 
on  one  spot  by  a  lens,  they  will  reproduce  WoUaston,  proves,  that  there  are  rays  more 
colourless  light.  Newton  ascribes  the  difie-  refrangible  than  the  rays  producing  light  and 
rent  colours  of  bodies,  to  their  power  of  ab-  heat  As  it  appears,  Irom  the  observatKOos 
sorbing  all  the  primitive  colours  except  the  of  M.  BerthoUet,  that  muriatic  add  gas  is 
peculiar  one  which  they  reflect,  and  of  which  formed  when  horn-silver  is  blackened  by 
colour  they  therefore  appear  to  our  eye.  light,  the  above  rays  may  be  called  hydro- 
According  to  Sir  William  Herschel,  the  genating.  Sir  H.  Davy  found,  that  a  mix- 
different  coloured  rays  possess  very  different  ture  of  chlorine  and  hydrogen  acted  more 
powers  of  illumination.  The  lightest  green,  rapidly  upon  each  other,  combining  without 
or  deepest  yellow,  which  are  near  the  centre,  explosion  when  exposed  to  the  red  tkj%  than 


throw  more  light  on  a  printed  page  than  any  when  placed  in  the  violet  rays ;  but  that 

of  the  rays  towards  either  side  of  the  spec-  lution  of  chlorine  in  water  became  sblution 

trum.     Sir  H.  Davy  remarks,  that  as  there  of  muriatic  add  most  rapidly,  when  placed 

are  tniore  green  rays  in  a  given  part  of  the  in  the  most  refrangible  rays  in  the  spectrum, 

spectrum  than  blue  rays,  the  di^erence  of  He  also  observed,  that  the  puce-otJonied 

illuminating  power  may  depend  on  this  dr-  oxide  of  lead,  when  moistened,  gradually 

cumstance.  The  rays  separated  by  one  prism  gained  a  tint  of  red  in  the  least  refrangible 

are  not  capable  of  bdng  further  divided  by  rays,  and  at  last  became  blad[,  but  was  not 

bdng  passed  through  another ;  and  in  thdr  affected  in  the  most  refrsngible  rays.     Hie 

relations  to  double  refraction  and  reflection,  same  change  was  produced  by  exposing  it  to 

they  appear  to  agree  with  direct  light.     An  a  current  of  hydrogen  gas.     The  oxide  of 

object  illuminated  by  any  of  the  rays  in  the  mercury  from  calomd  and  vrater  of  potash, 

spectrum  is  seen  double  through  island  crya-  when   exposed  to  the    spectrum,  was  not 

tal,  in  the  same  manner  as  if  it  bsd  been  visi-  changed  in  the  most  refrangiUe  n^  but  be- 

ble  by  white  light  came  red  in  the  least  refiran^le^  which  must 

'    Under  Caloric,  we  have  stated  the  power  have  been  owing  to  the  absorption  of  oxy- 

of  beating  which  the  different  coloured  rays  gen.    The  violet  rays  produced,  upon  moist- 

of  the  spectrum  apparently  possess.     Sir  H.  ened  red  oxide  of  mercury,  the  same  effiecfc 

Englefield,  and  M.  Berard,  confirmed  the  as  hydrogen  gas. 

results  of  Sir  W.  Herschel,  with  regard  to  Dr  Wollaston  found,  that  guaiac,  exposed 
the  progressive  increase  of  calorific  influence  to  the  violet  rays,  passed  rapidly  from  yellow 
from  the  violet  to  the  red  extremity  of  the  to  green;  and  MM.  GayLussacandThenanl 
spectrum ;  and  they  also  found  with  him,  applied  to  the  same  influence  a  gaseous  mix- 
that  a  calorific  influence  extended  beyond  the  ture  of  hydrogen  and  chlorine,  when  explo- 
limit  of  tlie  red  light,  into  the  unilluminated  sion  immediately  took  place.  By  placing 
space.  M.  Berard  however  observed,  that  small  bits  of  card,  coated  with  moist  hom- 
the  maxunum  of  effect  was  in  the  light,  and  silver,  or  little  phials  of  those  mixed  gase% 
not  beyond  it  Hiis  ingenious  philosopher  in  the  different  parts  of  the  spectrum.  Mi. 
made  a  pendl  of  the  sunbeam  pass  across  a  Berard  verified  the  former  observations  of  the 
prism  of  island  spar.  Hie  divisnon  of  the  chemical  power  acquiring  a  maximum  in  the 
rays  formed  two  tpectra,  which  presented  the  violet  ray,  and  existing  even  beyond  it ;  bat 
same  properties  with  the  single  spectrum,  he  also  found,  that  by  leaving  the  tests,  a 
Both  possessed  the  calorific  virtue  in  the  same  suflSdent  time  in  the  indigo  and  blue  rays,  a 
manner  and  degree.  M.  Berard  polarized  a  perceptible  effect  was  produced  upon  dieok 
beam  of  light  by  reflection  from  a  mirror ;  He  concentrated  by  a  lens  all  that  portion  of 
and  he  found,  that  in  all  the  positions  in  the  spectrum  which  extends  from  the  green 
which  light  ceased  to  be  reflected,  heat  also  to  the  extreme  boundary  of  the  violet;  and 
ceased  to  appear.  Tlie  thermometer  in  the  by  another  lens  he  collected  the  other  half 
focus  of  the  ^paratus  was  no  longer  affected,  of  the  spectrum,  comprehending  the  red.  Hie 
Hius  we  see,  that  the  obscure  heat-making  latter  formed  the  focus  of  a  white  light,  so 
prindple  accompanies  the  luminous  particles,  brilUant,  that  the  eye  could  not  endure  it ; 
and  obeys  the  same  laws  of  action.  yet  in  two  hours  .it  produced  no  senaiUe 
If  the  white  luna  cornea,  the  muriate  of  change  on  muriate  of  silver.  On  the  coo- 
alver  moistened,  be  exposed  to  the  different  trary,  the  focus  of  the  other  half  of  the  qpeo-> 
rays  in  the  prismatic  spectrum,  it  will  be  trum,  whose  light  and  heat  were  far  less  in- 
found,  that  no  effect  is  produced  upon  it  in  tense,  blackened  the  muriate  in  ten  minutes, 
the  least  refrangible  rays,  which  occasion  heat  The  investigations  of  Delaroche  enable  us, 
whbout  light ;  that  only  a  slight  discolora^  in  some  measure,  to  reduce  these  dissimilar 
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effecta-of  light  to  Boommoii  principle.     See  r  The  het,  that  a  needle  migfat  be  magne- 

Calosic.  tued  by  exposing  it  to  the  violet  ray  of  the  ■ 

The  sunbeams,  in  trareraing  a  coloured  <  solar  spectrumi  originally  announced  by  IVe-  • 
gluBf  produce  similar  effects  to  those  caused  fessor  Morichini  of  Borne,  Teriiied  by  Fn^ 
by  the  differently  coloured  portions  of  the  fessor  Configliachi  at  Bavia,  and  M*  Berard  • 
spectrum.     Thus  the-  chloride  of  silver  ac-  at  Montpellier,  has  been  lately  demonstrated 
quires  a  black  tint  behind  a  blue  or  violet  •  in  a  very  able  manner  by  Mrs  Mary  Sam- 
glass,  but  does  not  blacken  behind  a  red  or  merville. 

orange  glass. .  On  the  other  hand,  it  becomes  An  equiangular  prism  of  flint  glass  being 

red  behuid  a  red  glaas,  and  that  much  more  placed  in  an  aperture  in  a  window-shutter,  a 

quickly  than  even  in  the  solar  spectrum.  M.  sewing  needle  about  an  inch  long,  which  had 

Pischer  finds  that  solution  of  ferrocyanate  of  been  previously  ascertained  to  be  devoid  of 

potash  precipitated  by  alcohol,  and  rapidly  magnetism,    by  its  attracting  indifferently 

dissolved  in  water,  when  exposed  to  light,  either  pole  of  a  magnetized  needle,  (also  a  > 

passes  into  a  green  and  then  blue-colour,  with  sewing  needle,  thrust  through  a  cork  in  which 

deposites  of  prussian  blue^  and  a  smell  of  a  {^ass  c^  was  inserted,  and  suspended  on 

hydrocyanic  acid.  the  point  of  another  needle),  was  exposed  to 

In  Mr  Brande*s  late  Bakerian  lecture  on  •  tiie  violet  ray  of  the  spectrum  thrown  on  a 

the  compontion  and  analysis  of  coal  and  oil  pannel  at  the  distsnce  of  about  five  feet, 

gases,  this  ingenious  chemist  shows,  that  the  One  half  of  the  needle  was  covered  with  . 

light  produced  by  these,  or  by  olefiant  gas,  ,  paper,  as  the  author  did  not  deem  it  likdy 

even  when  concentrated  so  as  to  produce  a  that  polarity  would  ensue  from  the  action  of 

sensible  degree  of  heat,  occasioned  no  change  the  light,  if  the  whole  of  the  needle  were 

on  the  colour  of  muriate  of  silver,  nor  on  a  uniformly  exposed  to  its  influence.    In  about  * 

mixture  of  chlorine  and  hydrogen ;  while  the  two  hours  the  needle  became  magnetized,  the , 

light  emitted  by  electrized  charcoal  speedily  exposed  end  being  found  to  be  the  north . 

affects  the  muiiatei,  causes  these  gases  to  unite  pole.     The  experiment  having  been  many, 

rapidly,  and  sometimes  with  explosion.   The  •  times  repeated  with  the  violet  ray,  and  always 

concentrated  light  of  the  moon,  like  that  of  with  success,  the  blue  and  green  rays  of  the 

the  gases,  produced  no  change.     He  con-  spectrum  were  next  ascertained  to  produce  a 

dudes  with  stating,  that  he  found  the  photo-  similar  efifect,  but  in  a  less  degree,  and  the 

meter  of  Mr  L^e  ineffectual.     He  em-  indigo  ray  nearly  in  as  great  a  degree  as  the 

ployed  one  filled  with  the  vi^M>ur  of  ether  violet     The  yeUow,  orange,  and  red  rays 

(renewable  from  a  column  <^  that  fluid),  had  no  effect  whatever  on  the  needle  exposed 

which  he  found  to  be  more  delicate.  to  them,  even  when  the  experiments  were 

The  general  focts,  says  Sir  H.  Davy,  of  continued  for  three  successive  days ;  nor  was 
the  refiaction  and  effects  of  the  solar  beam,  •  any  magnetism  developed  by  the  calorific 
off^  an  analogy  to  the  agencies  of  electricity,  rays,  which  showed  that  heat  had  no  share  in 
In  the  voltaic  circuit,  the  maximum  of  heat  causing  the  resulu.  It  was  found  to  be  un^- 
seems  to  be  at  the  positive  pole,  where  the  necessary  to  darken  the  room.  Needles  ex- 
power  of  combining  with  oxygen  is  givoi  to  posed  half  covered,  with  blue  and  green 
bodies,  and  the  agency  of  rendering  bodies  glass,  or  with  blue  and  green  ribands,  the 
inflammable  is  exerted  at  the  opposite  sur-  other  half  being  covered  with  paper,  became 
face;  and  similar  chemical  effects  are  pro-  magnetized  by  being  hung  up  in  the  sun  for 
ducc^  by  negative  electricity,  and  by  the  most  a  day.  The  exposed  end  became  the  north 
refrangible  rays  of  the  solar  beam.  In  gene-  pole.  Bright  sunshine  is  requisite.— PAtV. 
ral,  in  nature,  the  efllects  of  the  solar  rays  are  Trant,  1826. 

very  compounded.     Healthy  v^petation  de-  Berzelius  states,  that  the  result  of  the  ex- 

pends  upon  the  presence  of  the  solar  beams,  periments  made  on  this  subject  by  Seebeck 

or  of  light ;  and  whilst  the  heat  gives  fluidity  is,  that  in  no  circumstances  do  the  solar  rays 

and  mobility  to  the  vegetable  juices,  chemical .  develop  the  phenomenon  of  polarity  in  steel, 

effects  likewise  are  occasioned,  oxygen  is  se-  which  does  not  already  possess  magnetism 

parated  from  them,  and  inflammable  com-  before  being  exposed   to  their  influence ; 

pounds  formed.     Plants  deprived  of  light-  whence  this  philosopher  concludes,  that  the 

become  white,  and  contain  an  excess  of  sac-  fact  announced  by  Mn  SommervUle  rests  on 

charine  and  aqueous  particles ;  and  flowers  an  illu^on. 

owe  the  variety  of  their  hues  to  the  influence  In  the  Annalet  de  Chiniie  et  de  Phydgue 

of  the  solar  beams.     Even  animals  require  for  November  1829,  MM.  P.  Bless  and  L. 

the  presence  of  the  rays  of  the  sun,  and  their  Moser  have  communicated  the  substance  of 

colours  seem  materially  to  depend  upon  the  some  elaboFBte  researches  into  the  effect  of 

chemical  influence  of  these  rays :  a  compari-  the  sun's  rays  on  magnets.     They  consider, 

son  between  the  polar  and  tropical  animals,  that  the  surest  way  of  judging  of  the  mag- 

and  between  the  parte  of  their  bodies  exposed  netism  of  a  needle,  is  to  count  the  number  of 

and  those  not  exposed  to  light,  shows  the  cor-  ite  oscillations  in  a  given  time,  before  and 

rectness  of  this  opinion.    .  after  it  is  exposed  to  the  influence  of  the 
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priittHtlic  sp^etruni.  Prom  a  gidnend  re- 
yirw  «f  their  experiments,  tbey  conceiTe 
themaelv<es  jotttfied  in  neglecting  entirely  the 
discovery  cf  Morichini,  which,  aay  they,  *'bM 
for  seventeen  yews  erected  uncertainty  in 
science." 

Hi.  Tohrixation  9f  Light, 

This  new  branch  of  optical  science  sprung 
fiom  ^  ingenirityof  Mains.  It  has  been, 
since  cultivated  cliiefly  by  MM.  Amgo,  FVes- 
nel,  and  Biot  in  Fnoice^  and  by  Dr  Brew»- 
tcr  in  this  kmgdora.  I  am  happy  Ho  observe, 
thbt  Mr  Herschel  has  lately  entered  tiie  lists 
under  very  favourable  auspices. 

If  a  *solar  fay  fidl  on  the  anterior  mirfiice 
of  )in  tin!iilvered  mirror  plate,  making  an 
angle  whh  4t  <or  3&^  95',  the  ray  will  be  re^ 
fl^ct^  in  a  right  line,  flo  IJhat  the  angle  ef 
reflection  will  be  -equal  to  Ibe  angle  of  inci> 
dence.  Iti  any  point  of  its  reflected  path 
receive  it  on  another  plane  of  similar  glass, 
it  will  suflTer  in  general  a  second  partial  re- 
fliection.  Snt  this  reflection  will  vanish,  or 
become  mill,  if  the  second  plsite  df  glass  form 
ah  angle  of  35°  25^  with  the  first  reflected 
ray,  and  at  the  same  time  be  turned,  so  that 
the  second  reflection  is  made  in  a  plane  per- 
pendicular to  that  in  which  the  ftrst  reflec- 
tion takes  place.  For  the  sake  of  illustnh 
tion,  suppose  that  the  plane  of  incidence  of 
the  ray  on  the  first  glass  coincides  with  the 
plane  of  the  meridian,  and  that  the  reflected 
ray  is  vertical :  Thetky  if  we  make  the  second 
indined  plate  revolve,  it  will  turn  around  the 
r^edted  ray,  forming  al  v(«ys  with  it  the  same 
angle;  and  the  plane  in  which  the  second 
r^ec^on  takes  place  will  necessarily  be  di- 
rected towatrds  the  difi^erent  points  of  die  ho- 
rtieon,  in  different  azimuths.  This  being  ar^ 
ranged,  the  following  phenomena  vrill  be  ob- 
served. 

When  the  second  plane  of  reflection  is 
Erected  in  the  tneridian,  and  consequently 
coincides  with  the  first,  the  intensity  of  the 
light  reflected  by  the  second  glass  is  at  its 
maximum. 

In  proportion  as  the  second  plane,  in  its 
revolution,  deviates  from  its  pardlelism  with 
the  Urst,  the  intefnsity  of  fhe  reflected  Ught 
will  tiimini^. 

Finally,  when  ^e  second  plane  of  reflec- 
tion is  placed  in  the  prime  vertical,  that  is, 
east  and  west,  and  consequently  perpendicu- 
lar to  ^e  first,  die  intensity  of  the  reflection 
of  li^t  is  absolutely  null  on  the  two  surfiices 
of  the  second  glass,  and  the  ray  is  entirely 
transmitted. 

Preserving  the  second  plate  at  the  same 
inclination  to  the  horizon,  if  we  continue  to 
make  it  revolve  beyond  the  quadrant  now 
described,  the  phenomena  will  be  reproduced 
in  the  inverse  order ;  that  is,  the  intensity  «f 
die  ligifat  wiH  increase  precisely  as  it  dimi- 
nished, and  it  will  become  equal,  at  equal 
disunces  frtrni  the  east  and  wc«t.     Hence, 


when  the  seound  plan«  ^of  leflediatt 

once  more  to  the  meridian,  a  second  maai- 

mum  of  inlensty  teqttal  to  tbe  first  vecutB. 

l^tMn  these  ^xperiBtients  it  appoafs,  fhst 
the  ray  reflec^ied  by  the  ikst  glass  is  not  re- 
flected by  the  secemd,  under  this  inddenft^ 
when  it  is  presented  to  it  by  its  east  and  wtsi 
sides ;  but  that  it  is  reflected,  at  least  m  pait^ 
when  it  is  preseMed  to  the  glass  by  aay  tmo 
odiert  of  ils  opposite  sid«B.  Now,  tf"  we  re- 
gard the  ray  as  an  infinitely  rapid  aocciiHiiw 
of  a  series  of  luminous  pariidl^  itie  fhoes 
of  the  ray  are  «ierely  the  SKceam^e  fkcea  «f 
these  particles.  We  must  futtce  coodtmSm, 
that  these  particles  possess  ftoes  endowed 
with  different  fAiyrical  properties,  aad  liMl, 
in  die  present  circumstance^  liie  first  reiee- 
don  has  tm^ed  towards  the  same  sides  oT 
space  armrlar  ftces,  or  faces  equdly  endowed 
at  least  with  the  piopeitjf  under  censderft- 
tion.  It  is  this  arrangement  of  its  molecuka 
wfiich  Mains  -named  tbe  pt^arizatian  of  H^it, 
assimilating  the  effort  of  the  first  glaas  t» 
that  of  a  magnetic  bar,  winch  would  tvm  a 
series  of  magnetic  needles  all  in  the  SMiie 
direction. 

Hitherto  vre  have  supposed  that  the  my, 
whether  incident  or  reflected,  formed  vrith 
the  two  mirror  plates  an  angle  of  35°  tS^ ; 
for  it  is  only  under  this  angle  that  tbe  phe- 
nomenon is  complete.  Without  chaoging 
the  inclination  of  Aie  ray  to  the  first  plate, 
if  we  vary  never  so  little  tbe  inclination  of 
the  second,  the  intensity  of  the  reflected  light 
is  no  longer  null  in  any  azimiftb,  but  it  be- 
comes the  feeblest  possible  in  tbe  prime  ver- 
tical in  which  it  was  formeriy  BaAL 

Similar  phenomena  may  be  produced,  by 
substituting  for  the  mirror  glasses  poKsbed 
plates,  formed  for  the  greater  part  oif  tnns- 
parent  bodies.  Tbe  two  planes  c^reflectimi 
must  always  remain  rectangular,  bet  they 
must  be  presented  to  the  luminous  ray  m 
different  angles,  according  to  d»eir  nature. 
Oenerally  all  polished  sur^ces  hare  the  pro- 
perty of  thus  polarizing,  more  or  less  osm- 
pleCely,  the  light  which  they  reflect  under 
certain  incidences ;  but  there  is  for  each  of 
them  a  particular  incidence,  in  which  dw 
polarization  it  impresses  is  most  complete; 
and  for  a  great  many  it  amounts  to  the  whole 
of  the  reflected  light. 

When  a  ray  of  light  has  recrived  polerisa- 
tion  in  a  certain  direction,  by  the  processes 
now  described,  it  carries  with  it  this  propcfty 
into  space,  preserving  it  without  perceptible 
alteration,  when  we  make  it  traverse  peipea- 
dicularly  a  considerable  mass  of  air,  water, 
or  any  substance  possessed  of  single  refVac- 
tion.  But  tbe  substances  wliich  ezerdse 
double  refraction,  in  general  alter  the  pola- 
rization of  due  ray,  and  apparently  in  a  sud- 
den manner,  and  communicate  to  It  a  new 
polarisation  of  the  same  nature,  but  in  ano- 
ther direction.     It  is  only,  in  certain  direc-' 
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tions  of  the  principal  8WtiQD>  iti9t  the  ray  beiiig  transiaitited  in  a  particular  direction 

ean  escape  this  disturbing  force.  through  a  plate  of  mica,  or  any  other  crys- 

Ib  the  Phil.  Trauk  fbr  1»^3,  we  have  the  taUiaed  body. 
fiiat  of  a  series  of  very  interesting  papess  oa  IV.  ()f  the  Bnduetion  of  JJgkL 
polarized  light  by  "Dt  Brewstec  This  relatea  Some  philosophexa  refer  the  origin  of  til 
chiefly  to  some  cudoua  properties  of  agate,  luoinous  phenomena  to  the  siuh  ifhcpe 
The  plate  of  agate  which  he  employed  was  beans  are  supposed  to  penetrate*  and  conn- 
bounded  by  parallel  facesy  was  about  the  fif-  bine  with,  the  different  forms,  of  teaestrisl 
teenth  of  an  inch  thick,  and  was  cut  into  a  matter.  But  we  learn  from  Scvipture>  that 
plane,  perpendicular  to  the  laminae  of  which  light  pre-existed  before  this  JUiiaiiwyt  a»d 
it  was  composed.  When  the  image  of  a  that  its  subsequent  condensation,  in  hb  orb 
taper  reflected  from  water  at  an  angle  of  was  a  particular  act  of  almighty  pawer^  The 
529  ^t  so  as  ta  acquire  the  property  dls-  phosphorescence  of  minerals,  buried  since  the 
covered  by  Mai  us,  was  viewed  through  the  origin  of  things  in  the  bowels  of  the  earlii, 
plate  of  agate,  so  as  to  have  its  laminai  coincides  strictly  with  the  Mosaic  accoiMit  of 
parallel  to  the  plane  of  reflection,  the  flame  the  creation.  We  shail  therefore  rqpfd 
'  appeared  perfectly  distinct ;  but  when  the  light,  the  first-bom  element  of  chaos,  ap  ^n. 
agate  was  tumsd.  round,  so  that  its  laminas  independent  essence,  universally  distributed 
became  perpendicular  to  the  plane  of  reflec-  through  the  mineral,  vegetable,  aad  aoimfd 
tion,  tlie  light  which  formed  the  image  of  the  worldy  capable  of  being  disengaged  ficom  Its 
taper  suffered  -  total  reflection,  and  not  one  latent  state  by  various  natufal  and  avtificifil 
ray  of  it  penetrated  the  agate.  If  a  ray  of  operations.  These  are, 
light  incident  upon  one  plate  of  agate  is  re-  1.  FViction. 

ceived,  aiVer  transnussion,  upon  another  plate  To  this  head  belong  electrical  light,  and 
of  the  same  substance^  having  its  laminae  that  ew>lved  from  the  attrition  of  pieces  of 
parallel  to  those  of  the  former,  the  light  will  qoartz,  even  under  water, 
find  an  easy  passage  through  the  second  plate  $  %  Condensation  and  expansion.  If  atmo^ 
hut  if  the  second  plate  has  its  laminie  per-  pheric  air  or  oxygen  be  suddenly  compres^- 
pendicular  to  those  of  the  first,  the  b'ght  will  ed  in  a  gloss  syringe,  or  if  a  glass  ball,  fill- 
be  wholly  reflected,  and  the  luminous  ot^t  ed  with  the  latter,  be  suddenly  broke  m 
will  cease  to  be  visible.  vacuo,  a  flash  of  light  is  instantly  perceived. 
In  a  second  important  communication,  in  3*  Heat  If  air  which  has  l^een  heat^ 
1814s  on  the  afiections  of  light  transmitted  up  tp  90(P  of  Fahrenheit,  and  wbieh  is  in 
through  crystalliied  bodies,  after  suggesting  itself  obscure^  be  made  to  fall  on  piecv  of 
that  the  cultivation  of  this  department  of  metal,  earth,  &c.  it  will  speedily  coDununi- 
physics  may  enable  us  to  explain  the  forms  cate  to  them  the  power  of  radiating  light, 
and  structure  of  crystallized  bodies,  a  pre-  The  bijlliant  flame  exhibited  in  the  burning 
diction  which  he  himself  has  since  happily  of  charcoal  and  phosphorus  is  shown,  in  the 
fulfilled,  the  Doctor  states,  that  if  the  light  article  Combustion,  to  be  merely  the  igni- 
polarized  by  agate  is  incident  at  a  particular  tion  of  the  solid  particles  (tf  these  bodies, 
angle  upon  any  tiaasparent  body,  so  that  the  At  a  certain  elevation  of  temperature^  about 
plane  of  reflection  is  perpendicular  to  the  800^  Fahr.  all  solid  bodies  b^n  to  give  out 
laminae  of  the  agate,  it  will  experience  a  light.  The  same  effect  is  produced  in  vacuo 
total  refraction ;  if  it  be  transmitted  through  by  transmitting  voltaic  electricity  through  a 
another  plate  of  agate^  having  its  laminae  at  metallic  wire.  To  this  section  we  must  also 
right  angles  to  those  of  the  plate  by  which  refer  the  phosphorescence  of  minerals.  Thjs 
the  light  is  polarized,  it  will  suffer  total  re-  curious  phenomenon  seems  to  have  been  first 
Jiectionf  and  if  it  be  examined  by  a  prism  of  described  by  Benvenuto  Cellini,  in  his  IVea- 
.  island  crystal,  turned  round  in  the  hand  of  tise  on  Jewellery,  published  near  the  begin- 
the  observer,  it  will  vanisli  and  reappear  in  ning  of  the  16th  century.  In  the  year  1663 
every  quadrant  of  its  circular  motion.  The  Mr  Bpyle  observed,  Uiat  diamond,  when 
pencil  of  rays  to  which  this  remarkable  pro-  slightly  heated,  rubbed,  or  compressed,  emit- 
perty  is  communicated,  is  surrounded  by  a  ted  a  light  almost  equal  to  that  of  the  glow- 
large  mass  of  nebulous  light,  which  extends  worm.  The  most  complete  account  which 
about  7^  3(y  in  length,  and  1°  7'  in  breadth,  we  have  of  mineral  phosphorescence^  is  that 
on  each  side  of  the  bright  image.  This  ne>  recently  given  by  Dr  Brewster  in  the  first 
bulous  light  never  vanished  with  the  bright  volume  of  the  Edinburgh  JE^hiL  Journal, 
image  which  it  enclosed,  but  was  obviously  His  method  of  examination  was  ingenious 
affected  with  its  different  changes,  increasing  and  accurate.  He  never  reduced  tlie  body 
in  magnitude  as  the  bright  image  diminish-  to  powder,  but  placed  a  fri^ment  of  it  upon 
ed,  and  diminishing  as  the  bright  image  a  thick  mass  of  hot  iron,  or,  in  delicate  ex- 
regained  its  lustre.  Light  polarized  by  the  periments,  introduced  it  into  the  bottom  of 
agate,  or  by  any  other  means,  is  depoUrized,  a  pistol  barrel,  heated  a  Uttjie  below  rqd»CTs« 
or  partly  restored  to  its  original  state,  by 


IIGHT. 


562 


LIGHT. 


TheJoUomng  Table  presents  his  ReiuUs  .*— • 


NamesoftheMiDenlf. 

CoUrar  of  the  Hinenla. 

Cokwr  and  intendty  Of  theI4gl± 

Fluor-spar, 

Pink, 

Green, 

Purple, 

Bluish, 

Rlukh.white. 

Blue. 

Compact  fluor, 

Yellowish, 

A#a«awy 

Fine  green. 

Sandy  fluor, 

White, 

White  sparks. 

Calcareous  spar, 

Yellow, 

YeUow, 

Transparent, 

Yellowish. 

Limestone  from  north  of  Ireland, 

M.  CJ.aVvvaaUy 

Yellowish-red, 

Phosphate  of  lime^ 

Rnk, 

Yellow, 

Arragonite, 

Dirty  white^ 

Reddish-yellow, 

Carbonate  of  baryta, 

Whitish, 

Pale  white, 

Harmotome^ 

Colourless, 

Reddish-yeUow, 

Dipyre, 

White, 

Specks  of  light. 

Grammatite  from  Glentilt, 
Topaz,  Aberdeenshire, 

Yellow 

Bluish. 

Blue, 

Bluish, 

Yellow 

Faint  yellowish. 
Bluish. 

_  fJcrr  HolLind 

J.  VTUWVy 

White 

RubelUte, 

TV  lUl^y 

Reddish, 

Scarlet, 

Sulphate  of  lime, 

Yellowish, 

Faint  light, 

Yellow, 

Pale  light. 

Slate  colour. 

Pde  light. 

Bluish, 

A  fragment  shone  pretty 

bnght. 

Sulphate  of  lead, 

Transparent, 

Faint  and  by  fits. 

Anhydrite, 

Reddish, 

Faint  bght. 

Sodalite^ 

Dark  green. 

IVetty  bright, 

Bitter  spar, 

Yellowish, 

Faint  white, 

Red  silver  ore. 

Red, 

Pretty  bright^  but  flittiD^ 

Barystrontianite, 

White, 

Faint, 

Arseniate  of  lead. 

Yellowish, 

Bright  white^ 

Spbene, 

Yellow, 

Bright  white. 

Tremolite, 

Whitish, 

Reddish-yellow, 

Mica, 

Greenish, 

Whitish, 

Black, 

White  specks. 

Brown, 

Pretty  bright. 

Titanium  sand, 

Black, 

Feeble  specks. 

Homstone, 

Grey, 

Yellowish, 

Whitish, 

YeUowish, 

Lapis  lazuli. 

Blue, 

Faint, 

Spodumene, 

Faint, 

Titanite, 

Reddish, 

Extremely  faint» 

Cyanite, 

Yellowish-white, 

Bluish, 

Calamine, 

Brown, 

Faint, 

Augite, 

Green, 

Pretty  bright, 

Petaliti*, 

Reddish  tinge, 

Blue,  and  very  bright, 

Asbestus,  rigid, 

Pretty  bright. 

Dathollte, 

Transparent, 

Bright, 

Corundum, 

Brown, 

Bright, 

Anatase^ 

Dark, 

Reddish-yellow, 

TungsUteof  lime. 

Yellowish-white, 

Brilt  like  a  burning  coal. 

Quartz, 

Very  faint. 

Amediyst, 

Faint, 

Obsidian, 

Mesotype  from  AuTergne, 

The  phosphorescence  of 
these  nine  minerals  was 

Pretfy  bright;  dirty  blue. 
Very  faint. 

Glassy  actinolite^ 
Ruby  silver. 

► 

WAS^M^^'       ^mM9m^0        »»X^^>  ^fcXy         «*  W9 

observed  in   the   pistol- 

VkftrnJ 

Little  specks. 
Rather  bright. 

Muriate  of  silver. 

IMUIVl* 

Blue, 

Carbonate  of  copper. 

Very  faint, 

Green  telesiey 

Pde  blue,  &  pretty  bright 

LIGHT. 
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Use  photpborescence  of  anatase  it  entirely 
difierent  from  that  of  the  other  minftw^y  it 
appears  suddenly  like  a  flame,  and  is  soon 
over.  Dr  Brewster  found,  in  opposition  to 
what  Mr  Wedgewood  had  stated,  that  expo- 
sure of  green  fluor-spar  to  the  heat  of  a  com- 
mon fire  in  a  crucible  for  half,  an  hour,  en- 
tirely deprived  it  of  phosphorescence.  Though 
he  placed  one  fragment  for  several  days  in 
the  beams  of  a  summer  sun,  and  even  ex- 
posed it  to  the  bright  light  near  the  focus  of 
a  burning  glass,  he  could  not  succeed  in  ob- 
taining from  it  the  slightest  indication  of 
phosphorescence.  The  light  emitted  in  com- 
bustion belongs  to  the  same  head.  The 
l^osphoric  light  of  minerals  has  the  same 
properties  as  the  direct  light  of  the  sun, 
according  to  Dr  Brewster. 

4.  Light  emitted  from  bodies  in  conse- 
quence of  the  action  of  extraneous  light  To 
this  section  we  refer  solar  phosphori.  The 
most  powerful  of  these  is  the  artificial  com- 
pound of  Canton.  If  we  mix  three  parts 
of  calcined  oyster  shells  in  powder,  with  one 
of  flowers  of  sulphur,  and  ramming  the  mix- 
ture into  a  crucible,  igm'te  it  for  half  an  hour, 
we  shall  find,  that  the  bright  parts  will,  on 
exposure  to  the  sunbeam,  or  to  the  common 
day-light,  or  to  an  electrical  explosion,  ac- 
quire the  faculty  of  shining  in  the  dark,  so 
as  to  illuminate  the  dial  of  a  watch,  and 
make  its  figures  legible.  It  will,  indeed, 
after  a  while  cease  to  shine ;  but  if  we  keep 
the  powder  in  a  well  corked  phial,  a  new  ex- 
posure to  the  sunbeam  will  restore  the  lumi- 
nescence. Oyster-shells,  stratified  with  sul- 
phur In  a  crucible,  and  ignited,  yield  a  more 
powerful  phosphorescent  substance  than  the 
powder.  It  also  must  be  kept  in  a-  close 
phial.  When  the  electric  discharge  is  trans- 
mitted along  the  surfaces  of  certain  bodies, 
or  a  little  above  them,  a  somewhat  durable 
phosphorescence  is  occasioned,  which  proba- 
bly bielongs  to  this  division. 


Sulphate  of  baryta 
Cai1x>nate, 
Acetate  of  potash. 
Succinic  acid, 
Loaf  sugar, 
Selenite, 
Rock-crystal, 
Quarts, 
Borax, 
Boracic  acid, 


gives  a  bright  green  light, 
ditto,  less  brilliant, 
brilliant  green  light, 
ditto,  more  durable, 
ditto, 

ditto,  but  transient, 
red,  and  then  white, 
dull  white  light, 
faint  green  light, 
bright  green  light 


Mr  Skrimshire  has  given  an  extensive 
catalogue  of  such  substances  in  Nicholson's 
Journal,  Svo.  volume^  15,  16,  and  19.  He 
shows  that  Canton's  pyrophorus  yields  more 
light  by  this  treatment  than  any  other  body ; 
but  that  almost  every  native  mineral,  except 
metallic  ores  and  metals,  becomes  more  or 
less  luminous  after  the  electric  explosion.  A 
slate  from  Colly  Weston,  Northamptonshire, 


which  efiervesced  with  adds,  gives  a  beauti- 
ful effect  When  the  explosion  of  a  jar  is 
taken  tAwe  the  centre  of  a  piece  some  inches 
square,  not  only  the  part  above  the  discharg- 
ing rods  is  luminous,  but  the  surfiice  of  the 
plate  appears  bespangled,  with  very  minute 
brilliant  points,  to  some  distance  from  its 
centre ;  and  when  the  points  of  the  discharg- 
ers rest  upon  the  surface  of  the  slate,  these 
minute  spangles  are  detached  and  scattered 
about  the  table  in  a  luminous  state. 

Dobereiner  states,  that  a  splendid  pheno- 
menon of  light  during  crystallisation  was 
observed  by  M.  Buchner,  of  Magonza,  dur- 
ing the  sublimation  of  benzoic  acid,  previous- 
ly mixed  with  pulverized  carbon.  Tlie  sub- 
limation was  carried  on  in  a  tall  glass  cylin- 
der upon  a  stove,  and  when  it  had  well  be- 
gun there  appeared  an  uninterrupted  succes- 
sion of  sparks,  continuing  for  half  an  hour, 
and  which  ceased  only  when  the  cylinder  was 
removed  from  the  stove. 

While  pasnng  chlorine  into  alcohol,  M. 
Vogel  observed,  that  if  the  sun  shone  upon 
the  substances  when  the  action  was  neariy 
complete,  each  bubble  of  chlorine,  as  it  en- 
tered the  alcohol,  produced  a  bright  purple 
flame,  a  dense  white  vapour,  and  caused 
violent  concussions  in  the  liquid;  another 
curious  instance,  in  addition  to  the  many 
that  are  known,  of  the  power  of  solar  light 
over  chemical  action. 

Dobereiner  states,  that  he  has  reason  to 
believe,  that  those  salts  which  contain  no 
water  of  crystallization  are  especially  power- 
ful in  producing  light  during  their  crystalli- 
zation.—Giorn.  tU  Fisicot  vii.  470. 

5.  Light  emitted  during  chemical  changes, 
independent  of  heat,  or  in  which  no  percep- 
tible heat  is  developed.  The  substances  from 
which  such  light  is  emitted  are  principally 
the  following  i'-^ 

Marine  animals,  both  in  a  living  state, 
and  when  deprived  of  life.  As  instances  of 
the  first  may  be  mentioned,  the  shell-fish 
called  pholat,  the  fnedtaa  phosphorea,  and 
various  other  moUutceg.  When  deprived  of 
life^  marine  fishes,  in  general,  seem  to  abound 
with  this  kind  of  light  The  flesh  of  quad- 
rupeds also  evolves  light  In  the  class  of 
insects  are  many  which  emit  light  very  co- 
piously, pardcularly  several  species  djnl- 
gora,  or  lantern-fly;  and  of  lampyrit,  or 
glow-worm;  also  the  teUopendra  Hectrieat 
and  a  species  of  crab  called  cancer  fidgens. 
Rotten  wood  is  well  known  to  evolve  light 
copiously,  as  well  as  peat-earth. 

Dr  Hulroe,  in  an  elaborate  dissertation  on 
this  light,  published  in  the  PhiL  IVans.  for 
1790,  establishes  the  following  important 
propositions:— 

■  1.  The  quantity  of  light  emitted  by  dead 
animal  substances  is  not  in  proportion  to  the 
d^pree  of  putrefaction  in  them,  as  is  com- 
monly supposed ;  but,  on  the  contrary,  the 
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greator  the  putreseeoce,  lh»  leas  light  it  evoW- 
«d.  It  wmild  aeem*  that  this  eleiiieiit»  eiv- 
dowed  with  pre-eminent  eUwticity,  is  the  first 
to  escape  from  the  condensed  state  of  com- 
bination in  which  it  bad  bkeen  imprisoned  by 
the  powers  of  life;  and  is  followed,  uiler 
some  time,  by  the  relatively  less  elastic  gases, 
whose  evolution  constitutes  putrefaction. 

2.  This  light  is  a  constituent  chemical 
principle  of  some  bodies,  particularly  of  ma- 
rine fishes,  from  which  it  may  be  separated 
by  a  peculiar  process,  retained,  and  rendered 
permanent  for  some  time.  A  solution  of  1 
part  of  sulphate  of  magnesia  in  8  of  water, 
is  the  most  conyenient  menstruum  f<Hr  ex- 
tracting, retaining,  and  increasing  the  bril- 
liancy of  this  light  Sulphate  and  muriate 
of  soda,  also,  answer  in  a  proper  state  of 
dilution  with  water.  When  any  of  the  sa- 
line solutions  is  too  concentrated,  the  light 
disappears,  but  instantly  bursts  forth  again 
from  absolute  darkness,  by  dilution  with 
water.  I  have  frequently  made  this  curious 
experiment  with  the  light  procured  from 
whiting.  Common  water,  lime  water,  fer- 
mented liquors,  Acids  even  very  dilute,  alk»- 
liae  leys,  and  many  other  bodies,  permanent- 
ly extinguish  this  spontaneous  light.  Boil- 
ing water  destroys  it,  but  congelation  merely 
suspends  its  exhibitioD,  for  it  reappears  on 
liquefaction.  A  gentle  beat  increases  the 
'vividness  of  the  phenomenon,  but  lessens  its 
duration. 

We  shall  conclude  the  subject  of  h'ght  with 
the  following  important  practical  tact  and 
practical  problem. 

1.  Count  Rumford  has  shown,  that  the 
quantity  of  light  emitted  by  a  givm  portion 
of  inflammable  matter  in  combustion,  is  pro- 
portional in  some  high  astio  to  the  elevation 
of  temperature;  and  that  a  lamp  having  many 
wicks  very  near  each  other,  so  as  mutually  to 
increase  their  beat,  bums  with  infinitely  more 
brilliancy  than  the  Argand  lamps  in  com- 
mon use. 

2.  To  measure  tlie  fKoportional  intensities 
of  two  or  more  lights.  Place  them  a  few 
inches  asunder,  and  at  the  distance  of  a  few 
feet  or  yards  from  a  screen  of  white  paper,  or 
a  white  wall.  On  holding  a  small  carid  near 
the  wall,  two  shadows  will  be  projected  on  it, 
the  darker  one  by  the  interception  of  the 
brighter  light,  and  the  lighter  shadow  by  the 
interception  of  the  duller  light.  Bring  the 
fainter  light  nearer  to  the  card,  or  remove 
the  brighter  one  further  from  it,  till  both 
shadows  acquire  the  same  intensity ;  which 
the  eye  caft  judge  of  with  great  predsion, 
particularly  from  the  conterminous  shadows 
at  the  angles.  Measure  now  the  distances  of 
the  two  lights  from  the  wall  or  screen,  square 
them,  and  you  hare  the  ratio  of  illumination. 
Thus  if  an  Argand  flame,  and  a  candle,  stand 
at  the  diMance  of  ]0  fieet,  -and  4  feet,  re- 
spectively,  when  their  shadows  are  equally 


deep,  we  have  10^  and  4»,  or  100  and  16,  or 
6^  and  1,  for  their  ralative  quantities  of 

light. 

LIGNEOUS  FIBRE.      See  aequd  of 

SuoAB.  Strong  potash  lye^  heated  with  iB«r. 
dost  in  a  crudbie,  dissolves  it,  and  fntidacea 
ulmine  and  acetic  acid.  Dilute  sulpbarie 
acid  predpitates  the  ulmine  from  the  alka- 
line  sohition  in  brown  flocks ;  and  the  aefr- 
tic  add  may  thereafter  be  detected  by  the 
5»dinary  means. 

LIGURITE.  A  mincrsl  occurring  in 
oblique  rhombic  prisms  of  140°  and  4(F,  of 
an  apple-green  colour,  and  sometimes  speck- 
led extenially.  Lustre  vitreous; 
greyish-white;  sp.  gr.  3i.4f9.  It 
siUca  57.44  alumina  7.36,  lime  25.3, 
nesia  2.56,  oxide  of  iron  3,  oxide  of 
ganese  0.5.<— Ftoioni.  It  is  found  in  a  tal- 
oose  rock  on  the  banks  of  the  Stara  in  the 
Apennines.  It  is  reckoned  superior  Id  the 
chrysolite  as  a  gem,  in  colour,  hardness,  and 
transparency. 

LILALITK     The  mineral  Lepidolite. 

LIMBILITE.  A  compact  mintfal  of  a 
honey-yellow  colour;  scratching  glaas,  and 
mdting  into  a  compact  black  enamel.  It  is 
found  in  the  form  <^  irregular  grains  in  the 
volcanic  hill  of  Limbourg.— ^ujrure. 

LIM£1.  The  oxide  of  caldum,  one  of 
the  primitive  earths.  This  subject  has  been 
already  treated  of  under  Calcittm* 

The  most  important  applications  of  lioM 
are  to  agriculture  and  building;  on  which 
subjects  Sir  H.  Davy  has  given  some  excel- 
lent observations. 

Quicklime  in  its  pure  state,  whether  in 
powder  or  dissdved  in  water,  is  injurious  to 
plants.  Grass  is  killed  by  watering  it  willi 
lime  water.  But  lime  in  its  state  ik  comhi- 
■  nation  with  carbonic  add  is  an  useful  fngre* 
dient  in  soils.  Calcareous  earth  is  fiMind  in 
the  ashes  of  the  greater  number  of  plants ; 
and,  exposed  to  the  air,  lime  cannot  long 
continue  caustic,  but  soon  becomes  united  to 
carbonic  add. 

When  lime,  whither  freshly  burnt  or  slac^« 
ed,  is  mixed  with  any  moist  fibrous  v^getsble 
matter,  there  b  a  strong  action  between  the 
lime  and  the  vegetable  matter,  and  they  form 
a  kind  of  compost  together,  of  which  a  part 
is  usually  soluble  in  water. 

By  this  kind  of  operation,  lime  renders 
matter  which  was  before  comparatively  in- 
ert, nutritive ;  and  as  charcoal  and  osygen 
abound  in  all  vegetable  matters,  it  becomes 
at  the  same  time  converted  into  carbonate  of 
lime. 

Mild  lime,  powdered  limestone*  mirist 
or  chalks,  have  no  action  of  this  kind  upon 
vegetable  matter :  by  their  action  tiicy  pre- 
vent the  too  rapid  decomposition  of  sob- 
stances  already  dissolved ;  but  they  haFe  no 
tendency  to  form  soluble  matters. 

It  is  obvious  from  these  drcunstances 
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tint  Um  opcnftioQ  of  quicklime*  and  marl  or  And  aa  long  as  any  caustic  lime  remains,  the 

chalk,  dependt  upon  principles  altogether  dif-  magnesia  cannot  be  combined  with  caiiKuiic 

ferent     Quicklime,  in  the  act  of  beeoming  add,  for  lime  instantly  attracts  carbonic  acid 

mild,  prepares  soluble  out  of  insoluble  mat-  from  magnesia. 
ter.  When  a  magnesian  limestone  is  burnt,  the 

It  is  upon  this  circumstance  that  the  ope-  magnesia  is  deprived  of  carbonic  acid  much 

ration  of  lime  in  the  preparation  for  wheat  sooner  than  the  lime ;  and  if  there  is  not 

crops  depends ;  and  its  efficacy  in  fertilizing  much  vegetable  or  animal  matter  in  the  soil, 

peats,  and  in  bringing  into  a  state  of  culti-  to  supply,  by  its  decomposition,   carbonic 

nation  all  soils  abounding  in  hard  roots,  or  acid,  the  magnesia  will  remain  for  a  lomr 

dry  fibres,  or  inert' vegetable  matter.  while  in  the  caustic  state;  and  in  this  stata 

The  solution  of  the  question,  whether  acts  as  a  poison  to  certain  vegetables.  And 
quicklime  ought  to  be  applied  to  a  soil,  de»  that  more  magnesian  lime  may  be  used  upon 
peods  upon  the  quantity  of  inert  vegetable  rich  soils,  seems  to  be.  owing  to  the  circum- 
matter  that  It  contains.  The  solution  of  the  stance,  that  the  decomposition  of  the  man- 
question,  whether  marl,  mild  lime,  or  pow-  ure  in  them  supplies  carbonic  acid.  But 
dered  limestone,  ought  to  be  applied,  de-  magnesia  in  its  mild  sute,  t.  e.  fully  com- 
pends  upon  the  quantity  of  calcareous  mat-  bined  with  carbonic  acid,  seems  to  be  always 
ter  already  in  the  soil.  AU  soils  are  improved  an  useful  constituent  of  soils. 
by  mild  lime,  and  ultimately  by  quicklime^  The  Lizard  Downs,  which  contain  magne- 
which  do  not  effervesce  with  acids;  and  sian  earth,  bear  a  short  and  green  grassy 
aands  more  than  clays.  which  feeds  sheep  producing  excellent  mutr 

When  a  soil,  deficient  in  calcareous  mat«  ton ;  and  the  cultivated  parts  are  amongst 

ter,  contains' much  tahMe  vegetable  manure,  the  best  corn  lands  in  the  county  of  Conw 

the  application  of  quicklime  should  always  walL 

he  avoided,  as  it  either  tends  to  decompose         It  is  obvious,  from  what  has  been  said, 

the  soluble  matters  by  uniting  to  their  car-  that  lime  from  the  magnesian  limestone  may 

boa  and  oxygen  so  as  to  become  mild  lime^  be  applied  in  large  quantities  to  peats;  and 

or  it  combines  with  the  soluble  matters,  and  that  where  lands  have  been  injured  by  the 

forms  compounds  having  less  attraction  for  application  of  too  large  a  quantity  of  magne> 

water  than  the  pure  vegetable  substance.  sian  hme,  peat  will  be  a  proper  and  efficient 

Tlie  case  is  the  same  with  respect  to  most  remedy. 
animal  manures ;  but  the  operation  of  the         There  are  two  modes  in  which  lime  acts 

lime  is  different  in  different  cases,  and  de-  as  a  cement :  in  its  combination  with  water» 

pends  upon  the  nature  of  the  animal  matter,  and  in  its  combination  with  carbonic  acid. 
Lime  forms  a  kind  of  insoluble  soap  with         W^hen  quicklime  is  rapidly  made  into  a 

oily  mattars,  and  then  gradually  decomposes  paste  with  water,  it  soon  loses  its  Bollness»  and 

them  by  separating  from  ttiem  oxygen  and  the  water  and  the  lime  form  together  a  solid 

carbon.     It  combines  likewise  with  the  ani-  coherent  mass,  which  consists  of  X  part  of 

mal  adds,  and  probably  assists  their  decom-  water  to  3  parts  of  lime.     When  hydrate  of 

position  by  abstracting  carbonaceous  matter  lime*  whilst  it  is  consolidating,  is  mixed  with 

from  them  combined  with  oxygen;   and,  red  oxide  of  iron,  alumina,  or  silica,  the 

consequently,  it  must  render  them  less  nutri-  mixture  becomes  harder  and  more  coherent 

five.     It  tends  to  diminish  likewise  the  nu«  than  when  lime  alone  is  used ;  and  it  ap* 

tritive  powers  of  albumen  from  the  same  pears  that  this  is  owing  to  a  certain  degree 

causes ;  and  always  destroys,  to  a  certain  exr  of  chemical  attraction  between  hydrate  of 

tent,  the  efficacy  of  animal  manures,  either  by  lime  and  these  bodies;  and  they  render  it 

oombining  with  certain  of  their  elements,  or  less  liable  to  decompose  by  the  action  of  the 

by  giving  to  them  new  arrangements.    Lime  carbonic  add  in  the  air,  and  less  soluble  in 

should  never  be  applied  with  am'mal  manures,  water. 

unless  they  are  too  rich,  or  for  the  purpose         The  basis  of  all  cements  that  are  used  for 

of  preventing  noxious  effluvia.     It  is  injuri-  works  which  are  to  be  covered  wUh  waUfi 

ous  when  mixed  with  any  common  dung,  must  be  formed  from  hydrtte  of  lime;  and 

and  tends  to  render  the  extractive  matter  the  lime  made  from  impure  limestones  an«> 

insoluble.  swers  this  purpose  very  well,     Puzsolana  is 

In  those  cases  in  which  fermentation  is  composed  principally  of  silica,  alumina,  and 

useful  to  produce  nutriment  from  vegetable  oxide  of  iron ;  and  it  is  used  mixed  with 

substances,  lime  is  always  efficadous,  as  with  lime  to  form  cements  intended  to  be  employ.* 

tanners*  berk.  ed  under  water.     Mr  Smeaton,  in  the  coo- 

The  subject  of  the  application  of  the  mag-  struction  of  the  Eddystone  lighthouses  used 

nesian  limestone  is  one  ot  great  interest.  a  cement  composed  of  equal  parts  by  wdght 

Magnesia  has  a  much  weaker  attraction  of  slacked  lime  and  puzzolana.     Puzsolana 

for  carbom'c  add  than  lime,  and  will  remain  is  a  decomposed  lava.     Tarras,  which  was 

in  the  state  of  caustic  or  calcined  magnesia  formerly  imported  in  considerable  quantitio 

tot  many  months,  though  exposed  to  the  air.  from  Holland,  is  a  mere  decomposed  basalt : 


LIME. 
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'  two  parts  of  daclced  lime  and  one  part  of 
tarras  form  tbe  priodpal  part  of  the  rooiW 
used  in  tbe  great  dykes  of  Holland.  Sub- 
stances which  will  answer  all  the  ends  of 
piuzolana  and  tarns  are  abundant  in  tbe 
British  islands.  An  excellent  red  tarras 
may  be  procured  in  any  quantities  from  tbe 
Giants'  Causeway,  in  the  north  of  Ireland ; 
and  decomposing  basalt  is  abundant  in  many 
parts  of  ScotUnd,  and  in  the  northern  dis- 
tricts of  England  in  which  coal  is  found. 

Parker's  cement,  and  cements  of  the  same 
kind  made  at  the  alum-works  of  Lord  Dun- 
das  and  Lord  Mulgrave>  are  mixtures  of 
calcined  ferruginous,  siliceous,  and  alumi- 
nous matter,  with  hydrate  of  lime.  See 
Cement. 

Tbe  cements  which  act  by  combining  with 
carbonic  acid,  or  tbe  common  mortars,  are 
made  by  mixing  together  slacked  lime  and 
sand.  These  mortars  at  first  solidify  as  hy- 
drates, and  are  slowly  convoted  into  carbon- 
ate of  lime  by  the  action  of  the  carbonic  add 
of  tbe  air.  Mr  Tennant  found  that  a  mortar 
of  thb  kind,  in  three  years  and  a  quarter,  had 
regained  63  per  cent  of  the  quantity  of  car- 
bonic acid  gas  which  constitutes  the  definite 
proportion  in  carbonate  of  lime.  The  rub- 
bish of  mortar  from  houses  owes  its  power  to 
benefit  lands  prinripally  to  the  carbonate  of 
lime  it  contains,  and  the  sand  in  it ;  and  its 
state  of  cohesion  renders  it  particularly  fitted 
to  improve  clayey  soils.  Tlie  hardness  of  the 
mortar  in  very  old  buildings,  depends  upon 
tbe  perfect  conversion  of  all  its  parts  into  car- 
bonate of  lime.  Tbe  purest  limestones  are 
the  best  adapted  for  making  tliis  kind  of  mor- 
tar: the  magnesian  limestones  make  exceU 
lent  water  cements,  but  act  with  too  little 
energy  upon  carbonic  acid  gas  to  make  good 
common  mortar. 

The  Romans,  according  to  Fliny,  made 
their  best  mortar  a  year  before  it  was  used ; 
so  that  it  was  partially  combined  with  car- 
bonic add  gas  before  it  was  employed. 

In  burning  lime  there  are  some  particular 
precautions  required  for  the  different  kinds 
of  limestones.  In  general,  one  bushel  of  coal 
is  suffident  to  make  four  or  five  bushels  of 
lime.  Tbe  magnesian  limestone  requires  less 
fuel  than  the  common  limestone.  In  all 
cases  in  which  a  limestone  containing  much 
aluminous  or  siliceous  earth  is  burnt,  great 
care- should  be  taken  to  prevent  tbe  fire  from 
becoming  too  intense ;  for  such  lime  easily 
vitrifies,  in  consequence  of  the  affinity  of 
lime  for  silica  and  alumina.  And  as  in 
some  places  there  are  no  other  limestones 
than  such  as  contain  other  earths,  it  is  im- 
portant to  attend  to  this  circumstance.  A 
moderately  good  lime  may  be  made  at  a  low 
red  heat ;  but  it  will  melt  into  a  glass  at  a 
white  heat  In  limekilns  for  burning  such 
time,  there  should  be  always  a  damper. 


In  genera],  when  limestones  are  not  mag- 
nesian, their  parity  will  be  indicated  by  their 
loss  of  wdght  in  burning:  tbe  more  they 
lose^  the  larger  is  the  quantity  of  calcareoas 
matter  they  contain.  Tbe  magnesian  lime- 
stones contain  more  carbonic  add  than  tbe 
common  limestones;  and  all  of  them  loae 
more  than  half  thdr  wdght  by  calcination. 

Tlie  most  important  compounds  of  limc^ 
are  treated  of  under  the  different  adds  and 
combustibles. 

LIME  (CHLORIDE  OF).  Tliebleadi- 
ing  salt  or  bleaching  powder  of  Mr  Tennant, 
called  in  commerce  Oxymuriate  of  Lime. 
Tbe  following  account  of  this  important  com- 
pound is  extracted  fit>m  a  paper  which  I 
published  on  the  subject  in  the  Joomal  of 
Sdence  and  the  Arts  for  July  1822. 

In  the  researches  which  I  have  made^'  at 
many  difi*erent  times,  on  the  nature  of  tbe 
chloride  of  lime,  I  have  genetally  sought  to 
combine  the  information  flowing  from  both 
synthesis  and  analysis ;  that  is,  I  first  ood- 
verted  a  known  portion  of  hydrate  of  lime  in- 
to bleaching  powder,  and  then  subjected  this 
to  analysis.  Among  tbe  results  of  experi- 
ments in  my  note-book  of  1815,  I  find  the 
following : — 500  grains  of  unslacked  quick- 
lime^ in  fine  powder,  from  Carran  marble, 
were  exposed  in  a  glass  globe  to  a  copious 
stream  of  chlorine  (previously  passed  through 
a  little  cold  water)  for  four  days.  Hie  in- 
crease of  weight  was  noted  from  time  to  time, 
and  was  found,  at  the  end  of  that  period,  to 
be  only  90  grains,  which  subsequent  examin- 
ation showed  to  be  due  to  a  little  bydrated 
chloride ;  the  few  grains  of  water  requisite 
having  been  derived  from  the  great  body  of 
undried  gas  which  had  been  transmitted.  In 
May  1817,  an  experiment  is  recorded,  in 
which  400  grains  of  a  hydrate  of  Carrara 
lime,  equivalent  to  291.28  grdns  of  dry 
lime,  were  exposed  for  two  days  to  a  stream 
of  chlorine,  washed  in  water  of  50^,  and  re- 
fusing to  absorb  more  gas,  were  found  hea- 
vier by  270.5  grains.  Supposing  this  aug- 
mentation to  be  chlorine,  we  shall  have  the 
composition  of  the  powder,  by  the  synthetic 
mode,  as  follows  :— 

Chlorine,  40.34 

100.00 

This  powder  was  analyzed,  by  acting  on  a 
given  wdght  of  it  with  dilute  muriatic  acid, 
in  a  pear-shaped  glass  vessel.  Care  was  taken 
to  remove  the  whole  disen^jaged  dilorine^ 
without  letting  any  liquid  escape.  The  lime 
was  converted  into  carbonate,  by  a  solution 
of  carbonate  of  ammonia.  The  following  are 
the  results  of  two  independent  analytical  ex- 
periments :— 
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lit  Experiment  SdExpcrimeiit  .  mcreaae  of '  weight  was   150>  grains.      It 

CUorine  erolTed,     4O.d0            39.40  ought  to  be  renMrked,  that  in  this  and  the 

Iime»                      42.27            42.22  preceding  experiment  there  was  no  appr». 

Water,                     17.13            18.38  ciable  pneumatic  pressure  employed,  to  aid 

— "~—         — "~—  the  condensation  of  the  chlorine.     In  the 
100.00          100.00  .  last  case  we  see,  that  the  addition  of  30 
I  have  reason  to  believe  the  second  ex-  grains  of  water  has  enabled  the  lime  to  ab- 
periment  the  more  correct  of  the  two^  and  if  sorb  20  grains  more  of  chlorine,  bang  al- 
the  synthetic  result  be  compared  with  it,  we  together  a  quantity  of  gas  nearly  equal  to 
are  led  to  infier,  that  the  very  great  body  of  that  of  the  dry  lime.     Ilus  an  atom  of  lime 
undried  chlorine  passed  over  the  lime  had  seems  associated  with  7-9ths  of  an  atom  of 
deposited  two  per  cent  of  water.     By  other  chlorine.     Analysis  by  muriatic  add  con- 
experiments  I  satisfied  myself,  that  dilute  -  firmed  this  composition.     It  gave, 
muriatic  add  expelled    nothing  but  pure  Chlorine,      39.5  ^  51.8  cubic  indies, 
chlorine;  for  the  whole  gas  disengaged  is  Lime,           39.9 
absorbed  on  agitation  with  mercury.    It  does  Water,          20.6 
not  appear  possible  to  recondle  the  above  — 
chlorides  to  a  definite  atomic  constitution.  100.0 
The  following  experiments  were  made  with  I  next  exposed  some  of  this  powder  to 
much  care  last  spring:— >  heat,  in  a  small  glass  retort  connected  with 
200  grains  of  the  atomic  protohydrate  of  the  hydro-pneumatic  trough.     Gas  vraa  very 

.  pure  lime  were  put  into  a  gUtts  globe^  which  '  copiously  disengaged,  at  a  temperature  far 

was  kept  cool  by  immersion  in  a  body  of  below  ignition,  the  first  portions  coming  off 

vrater  at  50°.     A  stream  of  chlorine,  after  •  at  the  heat  of  boiling  water :   100  measures 

being  washed  in  water  of  the  same  tempera-  -  of  the  collected  gas  being  agitated  with  water 

tore  in  another  glass  globe,  connected  to  the  at  50°  F.,  63  measures  were  absorbed,  and 

-  former  by  a  long  narrow  glass  tube,  was  the  remaining  37  measures  were  oxygen, 

psssed  over  the  calcareous  hydrate.     The  nearly  pure.     Hie  smell  of  the  first  evolved 

globe  with  the  lime  was  detached  from  the  gas  was  that  of  chlorine,  •  after  which  the 

rest  of  the  apparatus  from  time  to  timei,  that  odour  of  eudilorine  was  perceived,  and  lat- 

the  process  might  be  suspended  as  soon  as  terly  the  smdl  nearly  ceased  as  the  product 

the  augmentation  of  weight  ceased.     Hiis  became  oxygen.     Having  thus  ascertained 

happened  when  the  200  grains  of  hydrate,  the  general  products,  I  now  subjected  to  the 

'  containing  I5I.9  of  lime,  had  absorbed  130  same  treatment  100  grains  of  the  same  pow- 

:  giains  of  chlorine.     By  one  analytical  ex-  der  (that  last  described)  in  a  suitable  appa- 

periment  it  was  found,  that  dilute  muriatic  ratus :  30  cubic  inches  of  gas  were  obtained 

add  expelled  from  50  grains  of  the  chloride  from  it,  in  a  series  of  glass  cylinders  stand- 

•  20  grains  of  chlorine,  or  40  per  cent;  and  by  iiig  over  water  at  50^,     Hie  first  recdved 

anodier,  from  40  grains  16.25  of  gas,  which  portion  was  chlorine^  nearly  pure;  but  to- 

is  40.6  per  cent    From  the  residuum  of  the  wards  the  end,  when  the  heat  approached, 

first,  39.7  grains  of  carbonate  of  lime  were  or  was  at  ignition,  oxygen  became  the  diief 

obtained  by  carbonate  of  ammonia;  from  -product-    The  residuary  solid  matter  yielded 

that  of  the  second,  36.6  of  ignited  muriate  to  water  a  solution  of  muriate  of  lime  con- 

of  lime.     The  ^ole  results  are  therefore  as  taining  30  grains  of  the  dry  salt,  equivalent 

follows :  to  about  15  of  lime.     But  tiie  chloride,  both 

^imtherit.  lit  Analjk  SdAnalyi.     Mcu.  by  synthesis  and  analysis,  seemed  to  ccmtain 

Chlorine  39.39     40.00      40.62      4a31  in  ioq  grains  51.8  cubic  inches  of  chlorine^ 

Lime,       46.00     44.74      46.07      45.40  (corresponding  to  25.9  ofoxygen),  with  39.9 

Water,      14.60      15.26       1^31       14.28  rf  linie.     Thus  die  volume  of  the  evolved 

— "~—  — —   —   —— ...  ggj  pfoycs,  independent  of  other  considera- 

100.00  100.00  100.00  100.00  tions,  that  a  considerable  portion  of  chlorine 
Though  the  heat  generated  by  the  action  came  off  without  dislodging  the  oxygen  from 
of  the  dilute  add  has  carried  off  in  the  an-  the  caldum ;  and  as,  in  subsequent  experi- 
alytical  experiments  a  small  portion  of  mois-  ments,  thb  volume  was  found  to  vary  with 
ture  with  the  chlorine,  yet  thdr  accordance  the  strength  of  the  powder,  and  the  mode  of 
with  the  synthetic  experiment  is  suffidently  heating  it,  this  method  of  analysis  becomes 
good  to  confirm  the  general  results.  The  altogether  nugatory  and  delusive.  The  truth 
ab<>ve  powder  appears  to  have  been  a  pure  of  this  condusion  will  still  further  appear  on 
chloride,  without  any  mixture  of  muriate,  reflecting,  that  an  uncertain  portion  of  chlo- 
But  it  exhibits  no  atomic  constitution  in  its  rine  is  condensed  in  the  water  of  the  trough, 
proportions.  and  that  most  probably  a  litde  euchlorine  ia 
To  200  grains  of  that  hydrate  of  lime,  30  formed  at  the  period  when  the  gaseous  pro- 
grains  of  water  bdng  added,  the  powder  duct  passes  from  chlorine  to  oxygen.  ■  Thus^ 
was  subjected  to  a  stream  of  chlorine  in  the  of  the  39.9  grsins  of  lime  present  in  the 

above  way,  till  saturation  took  phwe.     Its  chloride,  24.9  seem  to  have  merely  parted 
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eoftn  amid  be  linralftuicousiy  lifted  off  bj 
cords  passing  over  a  puUcj,  tvifhottt  the  ne- 
ceasitf  of  the  wofkmen  approacbii^  the  de- 
leterious gas,  when  the  apartmeat  is  to  be 
opened.  A  great  number  of  wooden  shelTCSiv 
or  rather  trajs,  eight  or  ten  feet  long,  two 
ftet  broad,  and  one  inch  deep,  are  protided 
to  receive  the  sifted  slacked  Uroe,  ooaftaiiinig 
geaeraUy  about  2  Moms  of  lim*  to  3  of 
waler.  l>ese  shelves  are  pikd  one  oner 
anoiber  in  the  chamber,  to  the  height  of  five 
or  six  feet»  crQ8s4iers  belov  each  keeping 
them  about  an  inch  asunder,  that  ifae  gns 
may  have  free  room  te  circulate  over  tike 
surfaee  of  the  calcareoiis  hydrate. 

The  alembics  ibr  generating  the  cUofine, 
which  we  usually  nearly  spherical,  aie  in 
some  caacA  made  entiidky  ef  lead,  im  o«ha% 
of  two  bemiapherss  joined  togsther  in  the 
middle,  the  upper  hemisphere  being  lead* 
the  under  one  ceal-iron.  Thte  first  kiad  of 
alembic  is  enclosed  for  two-thirds  from  its 
bottom  in  a  leaden  or  iron  case,  the  intsnel 
of  two  inches  between  the  two  being  dcstiBsd 
to  receive  steam  from  an  adjoining  bofler. 
Those  which  consist  below  of  caal^NQ  have 
their  bottom  directly  exposed  to  a  very  | 
£re :  round  the  outer  edge  of  the  ieoe 
sphere  a  groove  is  cast,  into  which  the  imder 
edge  of  Uie  leaden  hemisphere  fitiv  the  jonrt 
being  rendered  air-tight  by  Roman  or  patent 
cement.*  In  this  leeden  dome  there  aae 
four  apertures,  eacfa  secured  by  a  walcr-hileu 
The  first  opening  is  about  ten  er  twdve 
inches  scfuare,  and  is  shut  with  a  leaden 
valves  with  incunrated  edges,  that  fit  In  the 
water-channel  at  the  marmn  of  the  hela. 
It  is  destined  for  the  admission  of  a  week- 
man  to  rectify  any  derangement  in  the  ap- 
paratus of  rotation,  or  to  detach  hard  con- 
cretions of  salt  from  the  bottom.  The  se- 
cond aperture  is  in  the  centre  of  the  tep. 
Here  a  tube  of  lead  is  fixed,  which  desoenda 
nearly  to  the  bottom,  and  down  throt^ 
which  the  vertical  axis  passes,  to  whose  lower 
end  the  cross  bars  of  iron  or  of  wood,  sheatb. 
ed  with  lead,  are  attached,  by  whose  revolct- 
tion  the  materials  receive  the  proper  agita- 
tion for  mixing  the  dense  manganese  vritii 
the  sulphuric  acid  and  salt  Tlie  motion 
is  communicated  either  by  the  hand  of  a 
workman  applied  from  time  to  time  to  a 
winch  at  top,  or  it  is  given  by  connecting 
the  axis  with  wheel  work,  impelled  by  a 
stream  of  water,  or  a  steam-engine.  Ibe 
third  opening  admits  the  syphon-farmed  fun- 
nd,  through  which  the  sulphuric  acid  is  in- 
troduced, and  the  fourth  is  the  orifice  of  the 
eduction  pipe. 

Manuficturers  differ  much  from  each  i 
in  the  proportion  of  their  materials  for 


with  their  ohlotim^  wbUe  the  other  16  lost 
their  oxygen,  equivalent  to  i8|-  cubic  inches, 
or  4^3  grains;  and  the  remaining  10.7  of 
calcium  combined  with  19.3  of  chkiritte,  to 
constitute  the  30  grains  of  ignited  muriate 
of  lime.  But  19l3  grains  of  chlorine  form 
S&3  cubic  inches;  hence  51.8 -—85.3^: 
86.5,  is  the  volume  of  chlorine  disengaged 
by  the  heat»  to  which  if  we  add  18^  cubic 
inches  of  oxygen,  the  sum  39. 16  is  the  bulk 
of  get  that  should  have  been  received.  The 
deficiency  of  9.16  cubic  inches  is  to  be 
ascribed  to  absorption  of  chlorine,  (and  per- 
haps of  euchlorine),  by  the  water  of  the 
pneumatic  trough.  In  the  above  case^  about 
one-half  of  the  total  chlorine  came  off  in  gas, 
and  the  other  half  combined  with  the  basis 
of  the  lime,  to  the  exclusion  of  its  oxygen. 
>  I  have  observed,  that  the  proportion  of  chlo- 
rine to  that  of  oxygen  given  off  by  heatf  in- 
eremes,  as  one  may  naturally  imagine,  with 
the  strength  of  the  bleaching  powder.  When 
it  is  very  weakly  impreignated  with  chlorine, 
as  ia  the  case  with  some  commercial  sampks, 
then  the  evolved  gas  consists  in  a  great  mea- 
sure of  oxygen. 

Of  the  Munufaolu^  rf  Bleaching  Powder. 
A  great  variety  of  apparatus  has  been  at 
different  times  contrived  for  favouring  the 
combination  of  chlorine  with  slacked  lime, 
for  the  purposes  of  commerce.  One  of  the 
most  ingenious  forms  was  thet  of  a  cylinder, 
or  barrels  furnished  with  narrow  wooden 
shelves  wtthin«  and  suspended  on  a  hoUow 
axis,  by  which  the  chlorine  was  admitted* 
and  round  which  the  barrel  was  made  to  re- 
volve. By  this  mode  of  agitation,  the  lime- 
dust  being  exposed  on  the  most  extenuve 
eurfiure,  was  speedily  impregnated  with  the 
gas  to  the  requisite  degree.  Such  a  mecha- 
nism I  saw  at  MM.  Oberkampf  and  Wid- 
mer's  celebrated  fabriqva  de  toiiet  peitUet,  at 
Joiiy,  in  1816.  But  this  is  a  costly  refine- 
ment, inadmissible  on  the  largest  scale  of 
British  manufiuiture.  The.ttmplest,  and  in 
my  opinion  the  best,  construction  for  sub- 
jecting lime  upwder  to  chlorine,  is  a  large 
chamber  eight  or  nine  feet  high,  built  of  si- 
liceous sandstone,  having  the  joints  of  the 
masonry  secured  with  a  cement  composed  of 
pitch,  rosin,  and  dry  gypsum,  in  equal  parts. 
A  door  is  fitted  into  it  at  one  end,  which 
can  be  made  air-tight  by  stripes  of  cloth  and 
clay-lute.  A  window  in  each  side  enables 
the  operator  to  judge  how  the  impregnation 
goes  on  by  the  colour  of  the  air,  and  also 
gives  light  for  making  the  arrangements 
within  at  the  commencement  of  the  process. 
As  water4utes  are  incomparably  superior  to 
all  others,  where  the  pneumatic  pressure  is 
small*  I  would  reccmimend  a  large  valve^  or 
door*  on  this  principle^  to  be  made  in  the 
foef,  and  two  tunneU  of  considerable  width 
at  the  bottom  of  each  side  waO.     The  thifce 


»  AinlxtiiTecflinM^ctay,«Ddoaideaf  iroa»i 
rately  cakinod,  sad  reduced  to  a  tine  powdn.  It 
miut  be  kept  in  clote  veuels,  and  mixed  with  tbe  re- 
quisito  water  vhea  uied. 
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rtdngcMoriiw.     In  genenil,  10  ewt.  of  ok  olitaiai]igfioinoiMtoaofncknlt,«i]iploy«d 

are  annd  with  fWiiii  10  to  .14  ewt.  of  mti-  as  abovc^  s  ton  and  m  half  of  good  Maariwug 

gancae ;  to  which  mixture^  after  ita  introdoo-  powder.     But  the  following  anal^  of  the 

tiott  into  the  alembic,  from  12  to  14  of  Mali*  opcntion  will  ahowv  that  he  ought  to  ohtaia 

pburic  add  are  added  in  successive  portiona.  two  tons. 

Hiat  quantity  of  oil  of  vitriol  must,  however,  Science  has  done  only  half  her  duty,  when 

be  frevtously  diluted  with  water,  tiU  ito  spe-  she  describes  the  best  apparatus  and  mani^ 

die  gravity  becomes  tfbout  1.05.     But,  in-  pulations  of  a  process,    liie  moatintins  pro* 

deed,  tins  dihidon  is  eeldom  actually  made ;  duce  should  be  also  demonstnted,  in  order  to 

for  the  manu^turer  of  bleaching  powder  show  the  manuihctuier  the  perfection  which 

abnOBt  always  prepares  his  own  sulphuric  he  should  strive  to  leacb,  with  the  minseMiid 

add  for  the  purpose,  and  therefore  carries  ita  expense  of  time,  labour,  and  materials.     For 

concentration  no  higher  in  the  leaden  boflers  this  end  I  instituted  the  following  researches : 

than  the  density  of  1.65,  which,  from  my  -^I  first  examined  fresh  commerdal  sped- 

table  of  sulphuric  add,  indicates  l-4th  of  ita  mens  of  bleaching  powder ;    100  grains  of 

weight  of  water,  and  therefore  l-3d  more  of  these  afforded  from  80  to  28  grains  of  cblo- 

auch  add  must  be  need.  rine.    lliis  is  the  widest  range  of  result,  and 

Tile  Iburth  aperture^  I  have  aaid,  admits  it  is  undoubtedly  considerable ;  the  first  be* 

the  eduction  pipe.     Tliis  pipe  is  afterwards  ing  to  the  second,  as  100  to  71.     The  first 

conveyed  into  a  leaden  chest,  or  cylinder,  in  yielded,  by  saturation  with  muriatic  add,  82 

which  all  the  other  eductioo  pipes  also  ter-  grains  of  chloride  of  caldum,  equivalent  to 

minate.     They  are  connected  with  it  simply  about  41  of  lime ;  it  contained  besides  26  per 

by  waaer-lutcs,  having  a  hydrostatic  pressure  cent  of  water,  and  a  very  little  common  mu- 

of  2  or  3  inches.   In  this  general  dioertoriufn  riate  ready  formed.    On  heating  such  powder 

the  chlorine  is  washed  from  adhering  muriatic  in  a  glass  apparatus,  it  yielded  at  first  a  Uttle 

add,  by  passiiiig  through  a  little  water,  in  chlorine,  and  then  oxygen  tolerably  pure, 

which  each  tnbe  is  immersed ;  and  from  this  The  bulk  of  chlorine  did  not  exceed  one-tenth 

the  gas  is  led  off  by  a  pretty  large  leaden  tube,  of  the  whole  gaseous  product     Of  the  re- 

into  the  comhinoUon  room.    It  usually  enters  cently  prepared  powder  of  another  manufac- 

in  the  top  of  the  ceiling,  whence  it  difi^ses  turer,  100  gmins  were  found  to  give,  by  so- 

its  heavy  gas  equally  around.  lution  in  add,  23  grains  of  chlorine,  and 

Fbur  days  are  required,  at  the  ordinary  there  remained,  after  evaporation  and  gentle 

rate  of  workii^,  for  making  good  marketable  ignition,  92  grains  of  muriate  of  lime,  equi- 

Meaehing  powder.     A  more  rapid  formation  valent  to  about  46  of  lime.     Supposing  this 

would  merely  endanger  an  elevation  of  tem-  powder  to  have  been  neariy  free  iVom  muri- 

perature,  productive  ofmuriate  of  lime,  at  the  ate,  (and  the  manufacturers  are  anxious  to 

expense  of  the  bleaching  quality.     But  skiU  prevent  the  deliquescent  tendency  which  this 

ful  mamifiKturers  use  here  an  alternating  pro-  introduces),  we  should  have  its  composition 

cesa.     lliey  pile  up,  first  of  all,  the  wooden  as  follows :-~ 

trays  only  in  alternate  shelves  in  each  column.  Chlorine,    23                                     3,5 

At  the  end  of  two  days  the  distilUition  is  Limc^        46  one  atom  3.5  X  8  sbs  7.0 

intermitted,  and  tlie  chamber  is  laid  open.  Water,       31 

After  two  hours  the  workman  enters,  to  in-  ■ 

troduce  the  alternate  trays  covered  with  fresh  100 

hydrate  of  lime,  and  at  the  same  time  rakes  This  powder  bdng  well  triturated  with 
uptlioroughly  the  half-formed  chloride  in  the  difiercnt  quantities  of  water  at  60^,  yielded 
others.  The  door  is  then  secured,  and  the  filtered  solutions  of  the  foUowing  densities  at 
chamber,  after  being  filled  for  two  days  more  the  same  temperature :— - 
with  chlofine,  is  again  opened,  to  allow  .the  Sp.  gr. 
first  set  of  trays  to  be  removed,  and  to  be  re-  95  water  -^  5  bleaching  powder,  1.0245 
placed  by  others  containing  fresh  hydrate,  as  90  4"  ^^  1.0470 
beforcb  Thus  the  process  is  conducted  in  re-  80  4"  ^  1.0840 
gular  alternation;  thus^  to  my  knowledge,  The  powder  left  on  the  filter,  even  of  the 
very  superior  bleaching  powder  is  manufac-  second  experiment,  contained  a  notable  quan- 
tared ;  and  thus  the  chlorine  may  be  suffered  tity  of  chlorine^  so  that  the  diloride  is  but 
to  enter  in  a  pretty  uniform  stream.  But  for  sparingly  soluble  in  water ;  nor  could  I  ever 
this  judicious  plan,  as  the  hydrate  advances  observe  that  partition  occasioned  by  water  in 
in  impregnation,  ita  faculty  of  absorption  bo-  the  deroents  of  the  powder,  of  which  Mr 
coming  diminished,  it  would  be  requisite  to  Dalton  and  M.  Welter  speak.  Of  the  solo- 
diminish  proportionatdy  theevolution  of  chlo-  tion  80  -f-  ^t  500  grains,  apparentiy  correa- 
rine,  or  to  aUow  the.  excess  to  escape,  to  the  ponding  to  100  grains  of  powder,  gave  off, 
great  loas  of  the  proprietor,  and,  what  is  of  by  saturation  with  muriatic  add,  19  grains  of 
mora  consequence,  to  the  great  detriment  of  chlorine,  and  the  liquid,  after  evaporation  and 
the  health  of  the  workmen.  ignition,  affbrded  41.8  grains  of  chloride  of 

The  manufiicturer  generally  reckons  on  oildam,  equivalent  to  21  ef  lime.     Here  4 
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per  eent  of  dUorine  seem  to  IwTe  remaiiied  t  deoonpoeed.    Notetfae Iom  of  wcigM.     We  < 

in  the  undisaohed  calcareous  powder,  wbich .  have  now  all  the  data  requisite  for  detennin^ 

indeed,  on  examination,  yielded  about  that  ing  the  proportion  of  the  oonatituentB,  wiilio«t 

quantity.     But  the  dissolved  chloride  of  lime,  solution,  filtration,  or  predpitatioo  by  ra»- 

consisied  of  J9  chlorine  to  21  lime;  or  of  gents. 

4.5  atoms  of  the  former,  to  almost  exactly  5        FIboblem  L— To  find  the  lime  originaUy 

(which  b  no  atomic  proportion)  of  the  latter.  •  associated  with  the  chlorine^  or  at  leMt  noi 

Hie  2-dds  of  a  grain  of  lime  existing  in  lime  combined  with  muriatic  add,  and  thciefuro 

water,  in  the  500  grains  of  solution,  will  converted  into  an  acetate.— i^idlr  x  Subtract 

make  no  essential  alteration  on  the  statement  from  the  above  loss  of  wdgfat  its  twen^-fifth 

Now,  the  above  bleaching  powder  must  have  part,  the  remainder  is  the  quantity  of  lime 

contained  very  little  muriate  of  lime,  for  it  taken  up  by  the  vinegar, 
was  not  ddiquescent    Being  thus  convinced,         FBOBLEm  II.— To  find  the  quantity  of 

both  by  examining  the  pure  chloride  of  my  muriate  of  lime  in  the  bleaching  powder.— 

own  preparation,  as  well  as  that  of  commerce,  Bule .-  Multiply  the  above  loss  of  wdgfat  by 

that  no  atomic  relations  are  to  be  observed  in  1.7,  the  product  is  the  quantity  of  caibonate 

its  constitution,  for  reasons  already  assigned,  of  lime  in  the  caldned  powder,  whidi  bdng 

I  ceased  to  prosecute  any  more  researches  in  subtnicted  from  the  total  weight  of  the  resi- 

tfaat  direction.  duum,  the  remainder  is  of  course  the  mnnate 

When  we  are  desirous  of  learning  minute-  of  lime.     We  know  now  the  proportion  of 

ly  the  proportion  between  the  chloride  and  chlorine,  lime^  and  muriate  of  lime^  in  100 

muriate  of  lime  in  bleaching  powder,  pure  parts ;  the  defidency  is  the  water  existing  in 

vinegar  may  be  used  as  the  saturating  acid,  the  bleaching  powder.     Hius,  for  example^ 

Having  thus  expelled  the  chlorine^  we  ev».  I  found  100  gruns  of  a  commercial  chloride 

porate  to  dryness,  and  ignite,  ^en  the  acetate  some  time  kept,  to  give  off  2 1  grains  of  dil»> 

of  lime  will  become  carbonate,  which  will  be  rine  by  solution  in  dilute  acetic  add.     Hie 

separated  from  the  original  muriate  by  solu-  solution  was  evaporated  to  dryness :  of  saline 

tion  and  filtration.  matter  125.6  grains  were  obtained,  whicb,  by 

I  have  found,  on  trial,  the  method  by  car-  calcination,  became  84i.d,  having  thus  loat 

'^ijjr*"°^""^°«''*^''!"ill?"  W-SgniM.    But  41.3  _*L?  =  3a65 
satisfactory.     After  passing  a  current  of  this  °  25 

gas  for  a  whole  day  through  the  chloride  dif-  _.  ^^^  present,  uncombined  with  muriatic 

fiised  in  tepid  water,  I  found  the  bquid  stUl  3^^,     ^j  41  3  ^  17  _,  79.2  s  the  car- 

to  possess  the  power  of  disdiarging  the  co-  ^00^^  of  lime  in  the  residuary  84.3  grains  of 

lour  very  readdy  from  btmus  paper.     But  caldned  salts.     TTierefore,  84.3  —  7a2  s= 

the  doctrine  of  equivalents  furnishes  a  very  14^  i  -=.  muriate  of  lime.     Now,  by  dissolv- 

d^ant  theorem  with  acetic  add,  whose  con-  jng  out  the  muriate  of  lime,  and  evapont- 

veniency  and  accuracy  in  applicaUon  I  have  ing,  i  got  14  grains  of  it,  and  the  ivmaiD. 

verified  by  expenment    An  apparently  com.  jng  carbonate  was  70.3  grains.     Hence  tUs 

plex,  and  very  important  problem  of  pracU-  powder  consisted  of  chlorine  21,  lime  39.65, 

caldiemistry,  IS  thus  brought  within  the  reach  ,n„riate  of  lime  14,  and  water  25.35=  100. 
of  the  ordinary  manuftcturer.     Since  com-        Sulphate  of  indigo,  largely  dfluted  with 

mon  fermented  vinegar  is  permitted  by  law  ^^^  j^  |,een  long  used  for  valuing  the 

to  contain  a  portion  of  sulphuric  and,  which  blanching  power  of  chloride  of  lime ;  and  it 

avarice  often  leads  the  retailer  to  increase,  we  affords,  no  doubt,  a  good  comparative  test, 

cannot  employ  it  in  the  present  research,  though  from  the  variableness  of  indigo  it  can 

But  strong  vinegar  prepared  from  pyrolig-  form  no  absolute  standard.     TTius  I  have 

nous  aad,  such  as  that  with  which  Messrs  found  3  parts  of  indigo,  from  the  East  Indies, 

TurnbuU  and  Ramsay  have  long  suppUed  the  ^  saturate  as  much  bleaching  powder  as  4 

London  market,  bdng  entirdy  free  from  sul-  p^rtg  of  good  Spanish  indigo, 
phuric  add,  is  well  adapted  to  our  purpose.         m.  Writer's  method  is  the  following:— 

With  such  add,  contdned  in  a  poised  phid.  He  prepared  a  solution  of  indigo  in  sulpha. 

fuUy  saturate  a  given  wdgbt  (say  100  grdns)  rfg  add,  wbich  he  diluted,  so  that  the  indigo 

of  the  bleaching  powder,  contained  in  a  smdl  fonngj  i.ieOOth  of  the  whole.     He  satisfied 

glass  matrass,  applying  a  gentle  heat  at  last,  hi„„eif  by  experiments,  that  14  litres'  (854w4 

with  incUnation  of  the  mouth  of  the  vessel,  to  c^bic  inches,  or  a  7  wine  gallons  English)  of 

expel  the  adhenog  dilonne.     Note  the  loss  chlorine,  which  weigh  651}  EngUsh  grains, 

of  weight  due  to  the  disengagement  of  the  destroyed  the  colour  of  164  litres  of  the  above 

gas.     (If  cartwnic  acid  be  suspected  to  be  blue  solution.     He  properly  observes,  that 

present,  the  gas  may  be  received  over  mer-  chlorine  discolours  more  or  less  of  the  tiw> 

cury.)    Evaporate  die  solution,  consisting  of  ture,  according  to  the  manner  of  proceeding, 

acetate  and  muriate  of  Uroe,  to  dryness,  by  a  that  is,  according  as  we  pour  the  tincture  on 

regulated  heat,  and  note  the  wdght  of  the  ^  aqueous  chlorine,  and  as  we  operate  at 

mixed  saline  mass.     Then  cdane  tiiis,  at  a  different  tiroes,  with  condderable  intervals: 

yeiy  gentle  red  heat,  tiU  the  acetic  add  be  all  if  the  aqueous  chlorine  or  chloride  solution 
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be  coDcentratedy  we  have- the  mtmmifiift  of  than  the  ayerageofthe  commercial  specimens; 
discoloration ;  if  it  be  very  weak,  the  laaai-  or  allowing  for  a  little  loss,  which  is  unavoid- 
mum*  He  says,  that  solution  of  indigo,  con-  able^  would  aflbrd  2  tons  of  ordinary  powder, 
taining  about  1- 1600th  part,  will  give  con-  witii  a  little  more  slacked  lime, 
stent  results  to  nearly  l-40th ;  and  to  greater  MM.  Orfila,  Leseuxe,  Gerdy,  and .  Hen- 
nicety  still,  if  we  dilute  the  chlorine  solution,  nelle,  having  to  examine  the  body  of  an  in- 
so  that  it  shall  amount  to  nearly  one>ha]f  the  dividual  who  was  supposed  to  have  been  poi- 
▼olumeof  the  tincture  which  it  can  discolour;  soned,  and  who  had  been  dead  for  nearly  a 
if  we  use  the  precaution  to  keep  the  solution  month,  found  the  smell  so  insupportable  that 
of  chlorine  and  the  tincture  in  two  separate  they  were  induced  to  try  the  application  of 
vessels ;  and,  finally,  to  pour  both  together  the  chloride  of  llme^  as  recommended  by  M. 
into  a  third  vessel.  We  should,  at  the  same  Labanraque.  A  solution  of  this  substance 
time,  make  a  trial  on  anotlier  sample  of  chlo-  was  frequently  sprinkled  over  the  body,  and 
rine  whose  strength  is  known,  in  order  to  produced  quite  a  wonderful  effect,  for  scarce- 
judge  accurately  of  the  hue.  On  the  whole,  ly  had  they  made  a  few  aspersions,  when  the 
he  considers  that  fourteen  measures  ofgase-  unpleasant  odour  was  instantly  destroyed, 
OQS  chlorine  can  discolour  164  measures  of  and  the  operation  was  proceeded  in  with  com- 
tbe  above  indigo  solution,  being  a  ratio  of  parative  comfort 

nearly  one  to  twelve.  The  advantage  of  the  Since  the  above  experiment,  a  commission 
very  dilute  tincture  obviously  consists  in  this,  was  appointed  by  the  prefect  of  the  police  in 
that  the  excess  of  water  condenses  the  chlo-  Paris  to  clear  out  offensive  drains,  in  the  ex- 
rine  separated  from  combination  by  the  sul-  ecution  of  which  much  benefit  to  the  proteo- 
pburic  acid,  and  confines  its  whole  efficacy  tion  of  the  workmen's  health  was  derived  from 
to  the  liquor ;  whereas,  from  concentrated  so-  chloride  of  lime.  M.  Gaultier  de  Claubry, 
lutions,  much  of  it  escapes  into  the  atmo-  aAer  stating,  as  I  have  shown  above,  that  car- 
sphere.  Though  I  have  made  very  nume-  bonic  acid  expels  the  chlorine  from  the  chlo- 
rous experiments  with  the  indigo  test,  yet  I  ride  of  lim^  proposes,  as  the  best  and  most 
never  could  obtain  such  consistency  of  result  durable  means  of  disinfecting  the  air  in  hospi- 
as  M.  Welter  describes :  when  the  blue  co-  tals,  &c.  to  expose  a  considerable  surface  of 
lour  begins  to  fade,  a  greenish  hue  appears,  chloride  of  lime  in  the  apartments  of  the  sick, 
which  graduates  into  brownish-yellow  by  im-  whence  the  chlorine  will  be  slowly  and  steadi- 
perceptlble  shades.  Hence  an  error  of  l-20th  ly  evolved  by  the  carl>onic  acid  of  the  atmo- 
may  readily  be  allowed,  and  even  more»  with  sphere,  without  annoying  the  patients  in  the 
ordinary  observers.  slightest  d^pree.  This  is  the  only  plan  ad- 
When  a  mixture  of  sulphuric  add,  com-  missible  with  chlorine  where  the  apartments 
mon  salt,  and  black  oxide  of  manganese,  are  cannot  be  emptied.  Where  they  can,  the 
the  ingredients  used,  as  by  the  manufacturer  method  described  under  Fumigation  is  more 
of  bleaching  powder,  the  absolute  proportions  energetic. 

are,  M.  Labanraque  has  lately  introduced  a  pe- 

1  atom  mur.  of  soda,      7.5     29.70    100.0  culiar  disinfecting  liquid  to  the  notice  of  the 

1  atom  perox.  of  mang.   5.5     21.78     73.3  medical  and  chemical  world,  which  he  calls 

2  at.  oil  of  vit  1.846,    12.25   4a52    163.3  chloride  of  oxUte  of  sodium.     He  dissolves 

— — •  -  2800  grains  of  crystallized  carbonate  of  soda 

25.25  100.00  in  1.28  pints  of  water,  and  putting  the  solu- 

And  the  products  ought  to  be—  tion  into  a  Woolfe*s  apparatus,  traosmita 

Chlorine  disengaged,     1  atom  4.5       17.82  through  it  two-thirds  of  the  chlorine  evolved 

Sulphate  of  sodE^  I  9.0      35.64  from  a  mixture  of  967  grains  of  sea  salt 

Protosulphateofmang.  1  9.5      37.62  with  750  grains  of  oxide  of  manganese, 

Water,  -  2  2.25      a  90  when  acted  upon  by  967  grains  of  sulphuric 

«— —  ■  acid  diluted  with  750  grains  of  water,     llie 

25.25  100.00  remaining  third  of  the  chlorine  is  partly  dis- 

These  proportions  are^  however,  very  dif-  solved  in  the  washing  water  of  the  first 

ferent  firom  those  employed  by  many,  nay,  I  Woolfe*s  bottle^  and  partly  retained  in  the 

believe  by  all  manufacturen ;  and  tliey  ought  open  space  of  the  retort  and  washing  vessel, 

to  be  so,  on  account  of  the  impurity  of  their  The  operation  is  to  be  conducted  slowly,  so 

oxide  of  manganese.    Yet  making  allowance  that  as  little  muriatic  acid  as  possible  may  be 

for  this,  I  am  afraid  that  many  of  them  com-  carried  over  into  the  soda  liquor.    It  appean 

mit  great  erron  in  the  relative  quantities  of  from  Mr  Faraday's  experiments,  that  no  car- 

their  materials.  bonic  add  is  disengaged  in  preparing  this 

From  the  preceding  computation  it  is  evi-  compound,  although   the  chlorine  is  very 

dent,  that  1  ton  of  salt  with  1  ton  of  the  above  readily  absorbed.     Ultimately,  a  liquid  of  a 

native  oxide  of  manganese  properly  treated,  very  pale  yellow  colour  is  obtained.     But 

would  yield  0.59  of  a  ton  of  chlorine,  which  when  chlorine  is  passed  in  excess  into  a  so- 

would  impregnate  1.41  tons  of  slacked  lime,  lution  of  carbonate  of  soda,   the  carbonic 

produdng  2  tons  of  bleaching  powder  stronger  add  is  expelled,  and  a  mixture  of  chloride 
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of  todimn  and  cfalonte  of  Mda  it  produced. 
Libftrraque'a  liquid,  hofrcYer,  has  but  little 
odour  of  chlorine;  it  baa  a  taste  at  first 
sharp,  saline,  scarcely  at  all  alkaline,  but 
irith  a  persisting  astringent  biting  e£%ct  up- 
on the  tongue.  When  it  is  boiled,  it  gives 
out  no  chlorine ;  but  when  applied  to  tup« 
meric  paper,  it  first  reddens,  and  then  bleach- 
es it  This  is  a  suflident  proof  that  the  chlo- 
rine, though  in  a  state  ready  to  blanch  or 
disinfect,  must  not  be  considered  as  in  the 
ordinary  state  of  solution,  either  in  water  or 
in  a  saline  fluid ;  for  ebullition  will  readily 
expel  the  chlorine  under  the  latter  circum- 
stances. 

A  portion  evaporated  in  the  sand  bath 
rather  hastily,  gave  a  dry  saline  mass,  which, 
when  re-dissolved,  had  the  same  astringent 
taste  as  before,  and  decoloured  solution  of 
indigo  very  powerfully;  having  lost,  how- 
ever, in  bleaching  power,  40  parts  out  of  76 
by  hasty  drying.  When  evaporated  by  a 
gentle  warmth,  it  seems  to  lose  little  or  no 
power. 

Labamque's  liquid  deteriorates  by  keep* 
ing,  and  is  decomposed  by  slow  crystalliza- 
tion of  the  salt.  Nearly  59  out  of  60  parts 
of  the  chlorine  in  that  liquid,  are  in  a  state 
of  weak  comtnnation  with  the  carbonated 
alkali,  and  may  be  separated  by  acids  in  its 
original  condition ;  and  this  quantity  is  pro- 
bably wholly  available  in  the  liquid  when 
used  as  a  bleaching  or  dinnfecting  agent 

This  liquid  has  been  celebrated  as  an  ap- 
plication to  putrescent  ulcers,  and  for  the 
general  purposes  of  disinfection,  though  its 
price,  relative  to  that  of  chloride  of  lime,  a 
very  eff*ectual  disinfector,  will  probably  limit 
its  employment  very  much. 

LIMESTONE.  A  genus  of  minerals, 
which  Professor  Jameson  divides  into  the 
four  following  species :  1.  Rhomb-spar;  2. 
Dolomite ;  3.  Limestone ;  and,  4.  Arragon- 
ite.  We  shall  consider  the  tliird  species  here. 
The  same  minetalogist  divides  limestone  into 
twelve  sub-species : — 

1.  Foliated  limestone;  of  which  there  are 
two  kinds— calcareous  spar,  and  foliated  gra- 
nular limestone.  The  first  will  be  found  in 
its  alphabetical  place  in  the  Dictionary. 

Granular  foliated  limestone.  Colour  white 
of  various  shades ;  sometimes  it  is  spotted  ; 
masnve,  and  in  distinct  angulo-granular  con- 
cretions; lustre  glistening,  between  pearly 
and  vitreous ;  fracture  foliated ;  translucent ; 
hard  as  calcareous  spar;  brittle;  sp.  gr. 
Carrara  mari)le  2.717.  It  generally  phos- 
phoresces when  pounded,  or  when  thrown 
on  glowing  coals ;  infusible ;  eflervesces  with 
acids :  it  is  a  pure  carbonate  of  lime ;  it  oo- 
cun  in  beds  in  granite,  gneiss,  &c.  and 
rarely  in  secondary  rocks ;  it  is  found  in  all 
the  great  ranges  of  primitive  rocks  in  Europe. 
Fkrian  marble,  Pentelic  marble,  the  Marmo 

Greco»  the  white  marble  of  Luni,  of  Carra- 
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ra,  and  of  Mount  HymeCtusy  the  tiaaaliic«Be 
white  marble  of  statuaries,  and  flexible  while 
niai1ile»  are  the  chief  of  the  white  marislcB 
which  the  ancients  used  for  scnlpture  and 
architecture.  The  red  antique  marble^  fUm^ 
antico  of  the  Italians,  and  Egyptian  of  the 
ancients ;  the  Verde  antico,  an  indetenninate 
mixture  of  white  marble  and  green  serpen- 
tine; yellow  antique  maible;  the  antique 
Cipolin  marble,  marked  with  green-ooloared 
tones,  caused  by  tak  or  chlorite ;  and  Afri- 
can breccia  marble,---«re  the  principal  eo- 
loured  marbles  of  the  andents.  Hie  Scot- 
tish  marbles  are,— 4he  red  and  white  Tine, 
the  former  of  which  contains  hornblende,  aab- 
lite,  mica,  and  green  earth ;  the  lona  mailile^ 
harder  than  most  others,  consisting  of  lime- 
stone and  tremolite,  or  occasionally  a  dolo- 
mite ;  the  Skye  maible ;  the  Assynt  in  flo- 
therland,  introduced  into  commerce  by  Mr 
Joplin  of  Gateshead.  It  is  white  and  grey, 
of  various  shadesL  Hie  Glentilt  marble  ^ 
the  Balachulish ;  the  Boyne ;  the  Blaiigows- 
rie ;  and  the  Glenavon.  Hitherto  but  lev 
marbles  of  granular  foliated  limestone  have 
been  quarried  in  England.  Hie  Mona  mor- 
ble  is  not  unlike  f^erde  aniieo.  Hie  black 
marbles  of  Ireland,  now  so  generally  used 
by  architects,  are  Lucullites.  TheToreeD^ 
in  the  county  of  Waterford,  is  a  fine  varie- 
gated sort;  and  a  grey  marble  beautifufly 
clouded  with  white,  has  been  found  near 
Kilcrump,  in  the  same  county.  At  Lougb- 
lougher,  in  Tipperary,  a  fine  purple  ma^le 
is  found.  The  county  of  Kerry  aflbrds  se- 
veral variegated  marbles.  Of  the  continen- 
tal marbles,  a  copious  account  is  given  by  Pn^ 
fessor  Jameson,  Mineralogy,  voL  ii.  p.  502. 

2d  Sub-species.  Compact  limestone;  mt 
which  there  are  three  kinds— common  com- 
pact limestone,  blue  Vesuvian  limestone^  and 
roestone: 

Common  compact  limestone  has  usually  a 
grey  colour,  with  coloured  delineations.  Mas- 
sive, corroded,  and  in  various  extraneous 
shapes ;  dull ;  fracture  fine  ^lintery ;  tran». 
lucent  on  the  edges ;  softer  than  the  preced- 
ing sub-species;  easily  frangible;  streak  grey- 
ish-white;  sp.  gr.  2.6  to  2.7.  It  effervesces 
with  adds,  and  burns  into  quicklime.  It  is 
a  carbonate  of  lime,  with  variable  and  gene- 
rally minute  proportions  of  silica,  alumina, 
iron,  magnesia,  and  manganese.  It  occurs 
principally  in  secondary  formations,  along 
with  sandstone,  gypsum,  and  coal.  Many 
animal  petrifactions,  and  some  vegetable,  are 
found  in  it  It  is  rich  in  ores  of  lead  and 
zinc ;  the  Englisli  mines  of  the  former  metal 
being  situated  in  limestone.  When  it  is  so 
hard  as  to  take  a  polish,  it  in  worked  as  a 
marble,  under  the  name  of  shell,  or  lumaC' 
eeUa  marble.  It  abounds  in  the  sandstone 
and  coal  formations,  both  in  Scotland  aad 
England ;  and  in  Ireland  it  is  a  very  abun- 
dant mineral  in  all  the  districts  whm  day- 
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date  tnd  red  sandstone  Occur.  The  Flo- 
rentine marble,  or  ruin  marbUt  is  a  compact 
limestone.  Seen  at  a  distance,  slabs  of  this 
stone  resemble  drawings  done  in  bistre. 

2.  Blue  Vesurian  limestone.  Colour 
dark  bluish-grey,  partly  veined  with  white ; 
rolled  and  uneren  on  the  surface ;  fracture 
fine  earthy;  opaque;  streak  white;  semi- 
hard in  a  low  d^ree ;  feels  heavy.  •  Its  con- 
stituents are,  lime  58,  carbonic  acid  28.5, 
water  somewhat  ammoniacal  11,  magnesia 
0.5,  oxide  of  iron  0.25,  carbon  0.25,  and 
silica  1.25.— >jr/aproM.  It  is  found  in  loose 
masses  among  unaltered  ejected  minerals,  in 
tiie  neighbourhood  of  Vesuvius.  In  mosaic 
work,  it  is  used  for  representing  the  sky. 

3.  Roestone.  Colours  brown  and  grey; 
massive,  and  in  distinct  concretions,  which 
are  round  granular ;  dull ;  opaque ;  fracture 
of  the  mass  round  granular ;  approaching  to 
soft;  brittle;  sp.gr.  2.6  to  2.68.  It  dis- 
solves with  ^fervescence  in  adds.  It  occurs 
along  with  red  sandstone  and  litu  limestone. 
In  England  this  rock  is  called  Bath-stone, 
Ketton-stone,  Portland-stone,  and  Oolite. 
It  extends,  with  but  little  interruption,  from 
Somersetshire  to  the  banks  of  the  Humber 
in  Lincolnshire.  It  b  used  in  architecture, 
but  it  is  porous,  and  apt  to  moulder  away, 
aa  is  seen  in  die  ornamented  work  of  the 
Chapel  of  Henry  VIL 

3d  Sub-species.     Chalk,  which  see. 

4th,  Agaric  mineral,  or  Rock-milk.  Co- 
lour white ;  in  crusts  or  tuberose  pieces ; 
dull ;  composed  of  fine  dusty  particles ;  soils 
strongly;  feels  meagre;  adheres  slightly  to 
the  tongue;  light,  almost  supernatant  It 
dissolves  in  muriatic  acid  with  effervescence, 
being  a  pure  carbonate  of  lime.  It  is  found 
on  the  north  side  of  Oxford,  between  the  Isis 
and  the  Cherwell,  and  near  Chipping  Norton ; 
as  also  in  the  fissures  of  limestone  caves  on 
the  Continent.  It  is  formed  by  the  attrition 
of  water  on  limestone  rocks. 

5th  Sub-species.  Fibrous  limestone;  of 
which  thore  are  two  kinds— satin-spar,  or  the 
common  fibrous;  and  fibrous  ode-sinter. 
Satin'Spar.  White  of  various  shades ;  mas- 
sive, and  in  distinct  fibrous  concretions; 
lustre  glistening  and  pearly;  fragments 
splintery;  feebly  translucent ;  as  hard  as  cal- 
careous spar;  easily  frangible;  sp.gr.  2.7. 
Its  constituents  are,  lime  50.8,  carbonic  acid 
47.6?  Stroroeyer  says  it  contains  some  per 
cents  of  gypsum.  It  occurs  in  thin  layers 
in  clay-slate  at  Alstone^moor  in  Cumberland ; 
in  layers  and  veins  in  the  middle  district  of 
Scotland,  as  in  Fifeshire.  It  is  sometimes 
cut  into  necklaces,  &c. 

Fibrous  calcsinter.  It  is  used  as  mar- 
ble^ and  the  ancients  formed  it  into  unguent 
vases,  the  alabaxter-box  of  Scripture.  See 
Calc-sinteb. 

6th  Sub-species.  Tufaceous  Umestone,  or 
Calc-tuiT.    Colour  grey ;  massive,  and  in  imi- 


tative shapes,  enclosing  leaves,  bones,  shellsy 
&C.;  dull;  fracture  fine  grained  uneven; 
opaque;  soft;  feels  rough;  brittle.  It  is 
pure  carbonate  of  Ume.  It  occurs  in  beds» 
generally  in  the  neighbourhood  of  rivers ;  near 
Starly-burn  in  Fifeshire,  and  other  places. 
Used  for  lime. 

7th  Sub-species.  Pisiform  limestone,  or 
Feastone.  Colour  yellowish-white ;  massive^ 
and  in  distinct  concretions,  which  are  round 
granular,  composed  of  others  which  are  very 
thin  and  concentric  lamellar.  In  the  centre 
there  is  a  bubble  of  air,  a  grain  of  sand,  or  of 
some  mineral  matter ;  dull ;  fracture  even  } 
opaque;  soft;  brittle;  sp.  gr.  2.532.  It  is 
carbonate  of  lime.  It  is  found  in  great 
masses  in  the  vicinity  of  Carlsbad  in  B<^ 
hemia. 

8th  Sub-species.  Slate-spar ;  scfaieferspath. 
Colour  white  of  various  shades ;  massive,  and 
in  distinct  curved  lamellar  concretions ;  lustre 
glistening  and  pearly;  feebly  translucent; 
sofk;  between  sectlle  and  brittle ;  feds  rather 
greasy;  sp.  gr.  2.63.  Its  constituents  are^ 
carbonate  of  Ume,  with  three  per  cent  of  oxide 
of  manganese.  It  occurs  in  primitive  lime- 
stone, in  metalliferous  beds,  and  in  veins. 
It  is  found  in  Glentilt ;  in  Assynt ;  in  Corn- 
wall ;  and  near  Granard  in  Ireland. 

9th  Sub-species.     Aphrite,  which  see. 

10th  Sub-species.  Lucullite;  of  which 
there  are  three  kinds— <»mpact,  prismatic, 
and  foliated. 

§  I.  Compact  is  subdivided  into  the  com- 
mon or  black  marble;  and  the  stinkstone. 

a.  The  common  compact.  Colour  grey- 
ish-black; massive;  glimmering;  fhicture 
fine  grained  uneven;  opaque;  semi-hard; 
streak  dark  ash-grey;  brittle;  sp.  gr.  & 
When  two  pieces  are  nibbed  together,  a  fetid 
urinous  odour  is  exhaled,  which  is  increned 
by  breathing  on  them.  It  bums  white,  but 
forms  a  black-coloured  mass  with  sulphuric 
acid.  Its  constituents  are,  lime  53.38,  car- 
bonic add  41.5,  carbon  0.75,  magnesia  and 
oxide  of  manganese  0. 12,  oxide  of  iron  0.25^ 
silica  1. 13»  sulphur  0.25,  muriates  and  sul- 
phates of  potash  with  water  2.62.~-JoAii. 
It  is  said  to  occur  in  beds  in  primitive  and 
older  secondary  rocks.  Hills  of  this  mineral 
occur  in  the  district  of  Assynt  in  Sutherland. 
Varieties  of  it  are -met  with  in  Derbyshire; 
at  Kilkenny ;  in  the  counties  of  Cork  and 
Galway.  Th%  consul  Lucullus  admired  it 
so  much,  as  to  give  it  his  name.  It  is  the 
Nero  atUico  of  the  Italians. 

b.  SHnkttone  or  Swinettone.  Colour  white 
of  many  shades,  cream-yellow,  grey,  black, 
and  brown;  massive,  disseminated,  and  in 
distinct  granular  concretions ;  dull;  fracture 
splintery ;  opaque ;  semi-hard  ;  streak  grey- 
ish-white ;  emits  a  fetid  odour  on  friction ; 
brittle;    sp.  gr.  2.7.     The  same  chemical 

.  characters  as  the  preceding.     Its  constituents 
are,  88  carbonate  of  lime>  4.13  silica, -St  I 
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alumina,  1.47  oxide  of  iron,  0.58  oxide  of 
manganese,  0.30  carbon,  0.58  lime ;  sulphur, 
alkali,  salt,  water,  2.20.— ^oAn.  It  occurs 
in  beds,  in  secondary  limestone,  alternating 
occasionally  with  secondary  gypsum  and  beds 
of  clay.  It  is  found  in  the  vicinity  of  North- 
Berwick,  resting  on  red  sandstone,  and  in  the 
parish  of  Kirbean  in  Galloway.  It  is  em- 
ployed for  burning  into  lime. 

§  2.  Prismatic  lucullite.  Colours  black, 
grey,  and  brown ;  massive,  in  balls,  and  in 
distinct  concretions ;  external  surface  some- 
times streaked,  internal  lustre  shining;  cleav- 
age threefold;  translucent  on  the  edges; 
semi-hard;  streak  grey  coloured;  brittle; 
when  rubbed  it  emits  a  strongly  fetid  urinous 
smell;  sp.  gr.  2.67.  When  its  powder  is 
boiled  in  water,  it  gives  out  a  transient  he- 
patic odour.  The  water  becomes  slightly 
alkaline.  It  dissolves  with  effervescence  in 
muriatic  acid,  leaving  a  charcoaly  residuum. 
Its  constituents  resemble  those  of  the  preced- 
ing. It  occurs  in  balls,  in  brown  dolomite 
at  Building-hill  near  Sunderland.  It  was 
at  one  time  called  madreporUe. 
■  §  3.  Foliated  or  sparry  lucullite.  Colours 
white,  grey,  and  black ;  massive;  disseminated 
and  crystallised  in  acute  six-sided  pyramids ; 
internal  lustre  glimmering ;  fragments  rbom- 
boidal;  translucent;  semi-hard;  brittle; 
emits  on  friction  a  urinous  smell;  sp.  gr. 
2.65.  In  other  respects  similar  to  the  pre- 
ceding. It  is  found  in  veins  at  Andreasbeig 
in  the  HarU. 

11th  Sub-species.  Marl;  of  which  there 
are  two  kinds,  earthy  and  compact.  Earthy 
marl  has  a  grey  colour ;  consists  of  fine  dusty 
particles,  feebly  cohering ;  dull ;  soils  slight- 
ly; is  light;  effervesces  with  adds;  and 
emits  a  urinous  smell  when  first  dug  up.  Its 
constituents  are,  carbonate  of  lime,  with  a 
little  alumina,  silica,  and  bitumen.  It  oc- 
curs in  beds  in  the  secondary  limestone  and 
gypsum  formations  in  Thuringia  and  Mans- 
feld*  Compact  marl  has  a  grey  colour ;  is 
massive,  vesicular,  or  in  flattened  balls ;  con- 
tains petrifactions ;  dull ;  fracture  earthy,  but 
in  the  great  slaty ;  yields  to  the  nail ;  opaque ; 
streak  greyish- white ;  britUe ;  feels  meagre ; 
qp.  gr.  2.4w  It  intumesces  before  the  blow- 
pipe, and  melts  into  a  greenish-black  slag. 
It  effervesces  with  acids.  Its  constituents 
are,  carbonate  of  lime  50^  silica  12,  alumina 
32,  iron  and  oxide  of  manganese  2,^^Kirwan. 
It  occurs  in  beds  in  the  secondary  floetz  lime- 
stone. It  is  frequent  in  the  coid  formations 
of  Scotland  and  England. 

12th  Sub-species.  Bituminons  marl- 
date.  Colour  greyish-black;  massive^  and 
frequemly  with  impressions  of  fishes  and 
plants;  lustre  glistening;  fracture  slaty; 
opaque ;  shining  streak ;  soft ;  sectile ;  fran- 
gible; sp.  gr.  2.66.  It  is  said  to  be  carbo- 
nate of  Ume,  with  albumen,  iron,  and  bitu- 
men.    It  occurs  in  floets  limestone.     It  fre- 


quently contains  cupreous  minerals,  petrified 
fishes,  and  fossil  renuuns  of  cryptt^amous 
plants.  It  abounds  in  the  Haitzgebirge.— 
Jameion* 

LIQUEFACTION.     A  chemical  tenn, 
in  some  instances  qmonymous  with  the  vrord 
Jurimh  in  others  with  the  word  deUquescemeef 
and  in  others  again  witii  the  word  solution* 

LIQUIDITY,     See  Calomc 

LIQUOR  OF   FLINT&     See  SiucA. 

LIQUORICE.  In  treating  the  root  of 
Glycirrhixa  glabra  with  water,  a  solution  is 
formed,  which,  properly  evaporated,  produ- 
ces the  sweet  tasted  substance  usually  called 
extract  or  juice  of  liquorice.  From  M.  Ro- 
biquet*s  experiments  it  appears  that  this  root 
is  composed  of  starchy  fecula,  vegetable  albu- 
men, a  saccharine  matter  approaching  to  the 
resins,  phosphoric  and  malic  adds  comlnned 
with  magnesia,  a  brown,  resinous,  thick,  and 
acrid  oil,  a  crystalline  matto*  having  a  saline 
aspect,  and  finally  a  ligneous  tissue.  Of 
these  substances,  we  shall  here  consider  only 
that  which  has  a  saccharine  taste^  and  that 
susceptible  of  crystallization. 

Tlie  sweetish  substance  is  uncrystallizable ; 
of  a  dirty  yellow  colour,  and  a  taste  like  that 
<^liquorice.  Cold  water  hardly  disserves  it,  but 
it  is  soluble  in  alcohol  cold  or  hoL  This  sub- 
stance may  be  procured,  by  boiling  water  on 
liquorice  root  for  about  a  quarter  of  an  hour, 
filtering  the  solution,  and  adding  to  it,  after 
it  is  perfectly  cool,  a  litUe  distilled  vinegar. 
The  resulting  gelatinous  magma  being  wash- 
ed and  dried,  to'be  digested  in  alcohol,  which 
takes  up  only  the  sugary  substance. 

The  crystallixable  matter  is  obtained  by 
pouring  into  the  supernatant  liquid  of  tftie 
above  magma,  solution  of  acetate  of  lead  till 
it  be  deprived  of  colour ;  then  filtering  the 
liquid,  transmitting  sulphuretted  hydrogen 
gas  through  it,  filtering  afresh,  and  concen- 
trating by  evaporation :  this  passes  threughy 
and  then  leaves  it  undisturbed.  Very  uvular 
crystals  form  in  it,  which  at  first  are  dirty, 
but  may  be  purified  by  a  second  crystallii*. 
tion,  when  they  become  transparent  rectan- 
gular octohedrons.  Ibey  have  hardly  any 
taste;  on  burning  coals  they  intumesce,  di£. 
fusing  an  ammoniacal  odour ;  triturated  with 
potash  they  evolve  ammonia  after  some  time; 
they  are  very  slightly  soluble  in  water,  afiMU 
ing  a  solution  which  is  not  affected  by  any^ 
ordinary  test. 

LITHIA.  A  new  alkali.  It  was  dis- 
covered by  M.  Arfwedson,  a  young  chemist 
of  great  merit,  employed  in  the  laboratory 
of  M.  Berzelius.  It  was  found  in  a  mineral 
from  the  mine  of  Uten  in  Sweden,  called  peta-^ 
Ute  by  M.  d*  Andrada,  who  first  distinguished 
it.  Sir  H.  Davy  demonstrated  by  voltaic  elec- 
tricity, that  the  basis  of  this  alkali  is  a  metal, 
to  which  the  name  of  Hlkium  has  been  given. 

Berselius  gives  the  fdlowing  simple  ] 
as  a  test  for  lithia  in  minerals :— 
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A  ftigment  of  the  minera],  die  aiie  of  a 
pin*t  headf  is  to  be  heated  with  a  small  exceis 
of  soda  on  a  piece  of  platinum  foil,  by  a 
blowpipe,  for  a  couple  of  minutes.  The  stone 
is  decomposed,  ihe  soda  liberates  the  lithia, 
and  the  excess  of  alkali  preserving  the  whole 
fluid  at  this  temperature,  it  spre^  over  the 
foil,  and  surrounds  the  decomposed  mineraL 
That  part  of  the  platinum  near  to  the  fused 
alkali  becomes  of  a  dark  colour,  which  is 
more  intense^  and  spreads  over  a  lai|;e  sur- 
face in  proportion  as  there  is  more  lithia  in 
the  mineraL  The  oxidation  of  the  platinum 
does  not  take  place  beneath  the  alkali,  but 
only  around  it,  where  the  metal  is  in  contact 
with  both  air  and  lithia.  Potash  destroys  the 
reaction  of  the  platinum  on  the  lithia,  if  the 
lithia  be  not  redundant.  The  platinum  re> 
aumes  its  metallic  surface,  after  having  been 
washed  and  heated. 

Lithia  may  be  obtained  by  fusing  petalite 
^th  potash,  dissolving  the  whole  in  muriatic 
add,  evaporating  to  dryness,  and  digesting  in 
aloohoL  Hie  muriate  of  lithia  being  very 
soluble  in  that  fluid,  is  taken  up,  wlule  the 
other  salts  reouun.  By  a  second  evaporation 
and  solution  in  alcohol,  it  is  obtained  perfect- 
ly pure.  The  muriate  is  itself  a  salt  very 
chfliacteristic  of  the  alkali.  It  may  easily  be 
decomposed  by  carbonate  of  silver;  and  the 
carbonate  thus  procured,  when  treated  with 
lime,  yields  pure  lithia.  Dr  Gmelin  fused 
petalite  with  five  times  its  weight  of  nitrate 
of  baryta,  at  a  white  heat^  in  a  platinum  cru- 
cible; digested  the  mass  in  muriatic  add; 
evaporated  the  solution  to  dryness ;  dissolved 
in  water ;  separated  the  silica ;  and  added  ra- 
ther more  sulphuric  add  than  was  equivalent 
to  the  baryta.  The  sulphate  of  baryta  was 
got  rid  of  by  solution  in  water  and  filtration. 
The  liquid  was  now  concentrated  by  evapo- 
ration to  expel  the  excess  of  muriatic  add. 
It  was  then  supersaturated  with  carbonate  of 
ammonia,  whidi  threw  down  the  alumina  and 
the  oxide  of  iron.  Hie  filtered  liquid  was 
evaporated  to  dryness,  and  the  residue  was 
ignited,  to  drive  off*  the  ammoniacal  sulphate 
and  muriate.  The  remainder  was  dissolved 
in  water,  and  hydrosulphuret  of  ammonia  was 
added  to  the  solution  to  separate  the  manga- 
nese. Being  now  filtered,  evaporated,  and 
ignited,  it  was  pure  sulphate  of  lithia,  from 
which  he  obtained  the  carbonate  by  adding 
acetate  of  baryta,  and  decomposing  the  re- 
sulting acetate  of  lithia  by  a  red  heat. 

The  first  is  the  process  of  M.  Vauquelin, 
and  is  much  the  simpler  of  the  two. 

M.  Berzelius  says  that  the  most  economi- 
cal way  of  preparing  lithia  is  to  mix  triphane 
or  spodumene  in  powder  with  twice  its  wdght 
of  pulverized  fluor-spar  and  with  sulphuric 
add ;  then  to  heat  the  mixture  till  the  fluoric 
add  with  the  silica  is  volatilised,  and  after- 
wards to  separate  the  sulphate  of  lithia  by 
solution. 


^  M.  Beneliua  has  found  lithia  to  be  a  con* 
stant  and  Essential  element  in  the  mineral 
waters  of  Bohemia.  To  detect  and  separata 
the  lithia,  be  pours  a  solution  of  phosphate  of 
soda  into  the  mineral  water,  evaporates  to 
dryness,  and  redissolves  in  cold  water.  Hie 
lithia  is  left  in  the  state  of  an  insoluble  pho^ 
phate  of  lithia  and  soda. 

The  most  complete  account  which  we  have 
of  lithia  and  its  compounds,  is  that  of  Dr 
Gmelin.  He  had  tiie  benefit  indeed  of  Bi*. 
Vauquelin*s  very  able  researches,  published 
in  the  jtnn,  de  Chimie  et  de  Phyu  vii.  887. 
Dr  Gmelin*s  memoir  is  inserted  in  the  68d 
volume  of  Gilbert**  Anndten, 

Caustic  lithia  has  a  very  sharp  burning 
taste.  It  destro3rs  the  cuticle  of  the  tongue 
like  potash.  It  does  not  dissolve  with  great 
fadlity  in  water,  and  appears  not  to  be  much 
more  soluble  in  hot  than  in  cold  water.  In 
this  reelect  it  has  an  analogy  with  Ume» 
Heat  is  evolved  during  its  solution  in  w»« 
ter. 

When  exposed  to  the  air  it  does  not  attract 
moisture^  but  absorbs  carbonic  add,  and  be- 
comes opaque.  When  exposed  for  an  hour 
to  a  white  heat  in  a  covered  platinum  croi* 
dble,  its  bulk  does  not  appear  to  be  dimi- 
nished; but  it  has  absorbed  a  quantity  of  car- 
bonic add. 

It  dissolves  only  in  small  quantity  in  al- 
cohol of  the  specific  gravity  0.85.  When 
weak  alcohol  is  added  to  an  aqueous  solution 
of  lithia  in  a  well  stopped  phial,  no  change 
takes  place  at  first;  but  after  some  hour* 
the  lithia  predpitates  in  the  state  of  a  white 
powder. 

Lithia  unites  with  sulphur,  according  to 
Vauquelin.  Sulphuret  of  lithia  has  a  yellow 
colour,  dissolves  readily  in  water,  and  is  de- 
composed by  acids  in  the  same  way  as  the 
other  alkaline  sulphurets. 

Phosphorus  decomposes  vrater  with  the 
help  of  caustic  lithia.  If  we  heat  in  a  retort 
phosphorus  with  a  solution  of  caustic  lithia 
in  water,  phosphuretted  hydrogen  gas  is  dis- 
engaged, whidi  catches  fire  when  it  comes 
into  ihe  air. 

NetUral  tulphate  ofUikia  forms  small  pris- 
matic crystals,  having  a  good  deal  of  lustre^ 
sometimes  constituting  pretty  long  but  nar- 
row tables.  When  exposed  to  the  air,  they 
undergo  only  an  insignificant  efflorescence. 
This  salt  has  a  saline  and  scarcely  bitter  taste. 
It  dissolves  pretty  readily  in  water,  and  melts 
when  exposed  to  a  temperature  scarcely,  reach- 
ing a  red  heat. 

Bindphate  of  lithia  dissolves  in  water  with 
greater  iadlity  than  the  neutral  salt.  It. 
forms  NX-sided  tables,  in  which  two  of  the 
flukes,  which  are  parallel  to  each  other,  far 
exceed  the  remaining  ones  in  length.  When 
exposed  to  a  very  high  temperature,  it  gives 
out  sulphurous  add  and  oxygen  gas,  and  is 
converted  into  the  neutnl  sulphate. 
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"Aoeording  to  Aifwedson,  this  biaalt  dis- 
solves with  more  difficulty  in  water  than  .the 
neutral  salt. 

Pkosithate  of  ItVAioy— Phosphoric  add, 
when  dropped  into  the  solution  of  sulphate 
of  lithia,  occasions  no  precipitate.  But  when 
the  uncombined  add  is  saturated  by  ammo- 
nia, the  phosphate  of  lithia  is  predpitated  in 
the  state  of  white  flocks,  which  are  insoluble 
in  water. 

When  a  drop  of  phosphoric  add  is  let  fail 
into  a  very  dilute  solution  of  carbonate  of 
lithia,  no  precipitate  falls;  but  when  the 
liquid  is  heated,  the  carbonic  add  gas  is  dis- 
engaged, and  phospluite  of  lithia  falls  down. 
From  this  it  would  seem,  that  the  solubility 
of  phosphate  of  lithia  in  water  is  owing  to 
the  presence  of  the  caibonic  acid. 
.  lliere  exists  likewise  a  Inphotphate  of  Uthia* 
It  is  obtained  by  dissolving  the  neutral  salt 
io  phosphoric  add.  By  a  very  slow  evapo- 
ration of  this  solution,  we  obtain  transparent 
granular  crystals. 

Nitrate  of  lithia  forms  four-sided  prisms 
with  rhomboidal  bases.  It  has  a  very  pun- 
gent taste^  and  seems  to  surpass  almost  all 
other  salts  in  deliquescency.  In  a  very  hot 
day  it  crystallised  in  the  sun,  but  deliquesc- 
ed again  in  the  shade.  It  dissolves  in  the 
strongest  alcohol. 

Carbonate  of  lithia  constitutes  a  white 
powder.  It  dissolves  with  great  difficulty  in 
cold  water.  According  to  Vauqudin,  100 
parts  of  water  dissolve  scarcely  one  part  of 
this  salt.  It  is  more  soluble  in  hot  water. 
A  solution  of  carbonate  of  lithia  containing 
only  1- 1000th  of  its  weight  of  the  salt,  acts 
strongly  as  an  alkali. 

0.535  of  a  gramme  of  fused  carbonate  of 
lithia  were,  by  means  of  sulphuric  add  and  ex- 
posure to  a  strong  heat,  converted  into  0.765 
of  neutral  sulphate  of  lithia.  Now  this  quan- 
tity of  sulphate  contains  0.2436  of  lithia. 

Hence  0.535  of  cartMnate  of  lithia  are 
composed  of 

Lithia,  a  24.36 

Carbom'c  add,  0.2914 


0.5350 

Or  in  the  100  parts. 

Lithia, 

45.54 

Carbonic  add, 

* 

54.46 

100.00 
But  the  oxygen  in 

45.54  lithia  is  r=  19.09 

54.46  carbonic  add  s=  39.59 
and  2X  19.09  s  38. 18,  a  number  differing 
but  little  from  39150. 

The  solution  of  carbonate  of  lithia  is  de- 
composed by  lime  and  baryta  water.  It  is 
insoluble  in  alcohoL 

Hie  platinum  crtirible  in  which  carbonate 
of  lithia  has  been  exposed  to  a  red  beat,  gives 
obvious  indications  of  having  been  attacked. 


Its  surftea  assunung  a  dark  olive-green 
colour ;  but  the  metfdlic  lustre  b  again  re- 
stored by  rubbing  the  crucible  vrith  coarse 
sand  and  water. 

Muriate  of  lithia  f<Mrms  small  regular  eabea 
very  similar  -to  common  salt  in  their  taste. 
The  easiest  method  of  obtaining  the  crystals^ 
is  to  expose  the  solution  to  the  sun  in  a  hot 
day.  The  crystals  deliquesce  very  speedily 
when  exposed  to  the  air,  but  not  with  so 
much  rapidity  as  nitrate  of  lithia.  This  aalt 
does  not  melt  when  exposed  to  the  red  beat 
produced  by  the  action  of  a  spirit  lamp ;  bnC 
when  exposed  in  a  platinum  crucible^  not 
completely  covered,  to  an  indpient  white 
heat,  it  is  fused  into  the  chloride. 

Chromate  of  iUkia  forms  orange-ydlow 
crystals,  which  appear  to  contain  an  exceaa 
of  acid.  They  are  oblique  parallelopipeda 
with  rhomboidal  bases.  Sometimes  thiey  ex- 
hibit a  dendritical  vegetation.  This  tiU  is 
scduble  in  water. 

Oxalate  of  AAia.— A  portion  of  carbonate 
of  lithia  Mras  saturated  with  oxalic  add.  Thm 
neutral  salt  crystallises  with  difficulty.  Tlie 
crystals  have  tiie  appearance  of  small  opaque 
protuberances,  and  dissolve  with  fadlity  ia 
water.  To  the  neutral  solution  of  oxalatB 
of  lithia  was  added  a  quantity  of  oxalic  addy 
exactly  equal  to  that  already  combined  with 
the  lithia.  By  evaporation,  small  transpa- 
rent granular  crystals  of  bituMoUUe  f(f  Utkia 
were  obtained.  Tliey  appeared  to  dissolve 
with  fadlity  in  water,  though  net  to  be  so 
soluble  as  the  neutral  salt. 

Neutral  tartrate  of  lithia  dissolves  with 
iadUty  in  water,  but  does  not  crystallise^ 
forming  a  whita  opaque  mass,  which  does 
not  deliquesce  when  exposed  to  the  air. 
When  tartaric  acid  is  added  to  the  solutkn 
of  the  neutral  tartrate,  no  crystallinble  bi- 
tartrate  is  formed  ;  but  perhaps  we  may  de- 
duce the  existence  of  such  a  salt  from  the 
fact,  that  when  the  solution  is  evaporated,  no 
crystals  of  tartaric  add  make  thieir  appear- 
ance. 

When  the  solution  is  evaporated  to  dry- 
ness, we  obtain  a  white  opaque  mass,  wbidi 
exhibita  no  appearance  of  crystallisation,  and 
which  dissolves  with  fadlity  in  vrater. 

Acetate  of  litfaay  when  evaporated,  forma  a 
syrupy  mass,  which  cracks  on  cooling;  so 
that  the  glass  looks  as  if  it  had  burst.  This 
matter  deliquesces  in  the  air,  and  sometimes^ 
while  attracting  moisture,  crystalline  plates 
appear  in  it 

Tartrate  of  lithia  and  potath,'^If  the  ex- 
cess of  the  add  of  bitartrate  of  potash  be 
saturated  by  means  of  carbonate  of  lithia,  we 
obtain,  by  spontaneous  evaporation,  a  salt 
which  forms  large  crystals,  having  the  shape 
of  four-sided  prisms,  terminated  by  parallelo- 
grams, with  angles  very  nearly  right.  Hie 
diagonals  of  these  terminal  faces  are  distinct- 
ly marked,  and  the  four  triangles  formed  by 
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means  of  them  are  streaked  paralkl  to  the 
edges  of  dieae  laces.  This  salt  dissoWes 
Radily  in  water,  and  has  a  saline  and  scarce- 
ly  bitter  taste.  When  exposed  to  the  air,  it 
effloresces  stighdy,  and  only  on  the  surfiice. 

TartraU  ofHtkia  und  toda^^BS^annte  of 
soda  tras  neutralised  by  means  of  carbonate 
of  lithia.  By  spontaneous  erqporation,  the 
liquid  deposited  long  rectangular  foui^sided 
prisms,  frequently  terminated  by  an  oblique 
ftoe.  Tliis  salt  dissolves  with  fadlity  in 
water,  and  effloresces  only  slightly,  and  on 
the  surfiKe.  Its  taste  is  purely  saline^  and 
not  strong. 

Muriate  iff  platmum  does  not  form  a 
double  salt  with  muriate  of  lithia.  Potash 
and  lithia,  therefore,  may  be  very  well  dtstin- 
guiahed  from  each  odier  by  means  of  muriate 
of  platinum. 

FVom  the  preceding  account  of  the  salts 
of  lithia,  we  see  that  they  haye  many  pro- 
perties in  common  with  the  salts  of  soda. 
Like  them,  they  are  neither  precipitated  by 
muriate  of  platinum,  nor  by  tartaric  acid. 
They  may,  however,  be  distinguished  fVom 
the  salts  of  soda  by  the  following  properties : 
When  their  concentrated  solutions  are  mixed 
^with  a  concentrated  solution  of  carbonate  of 
soda,  a  precipitate  falls.  They  are  likewise 
preripiteted  by  phosphate  of  soda  and  phos- 
phate  of  ammonia,  when  no  uncombined 
add  is  present 

In  reference  to  analytical  chemistry,  it 
may  be  remarked,  that  lithia,  potash,  and 
soda,  if  they  should  exist  in  the  same  com- 
pound, may  be  separated  in  the  following 
way  :— 

Lithia  may  be  precipitated  by  means  of 
phosphoric  acid  and  an  excess  of  caustic 
ammonia.  The  phosphate  of  lithia  may  be 
dissolved  in  acetic  add,  and  the  phosphoric 
add  precipitated  by  means  of  acetate  of  lead, 
&c. 

When  lithia  exists  in  a  compound  with 
potash,  this  last  alkali  may  be  precipitated 
by  means  of  muriate  of  platinum. 

From  the  results  of  the  preceding  experi- 
ments we  see,  says  Dr  Gmelin,  that  if  10  be 
the  equivalent  number  for  oxygen,  the  equi- 
valent number  for  lithium  is  laaS,  and  for 
lithia  8a83 ;  that  for  carbonate  of  lithia,  by 
calculation,  51.32;  but  according  to  the 
preceding  experiment,  52.38,  &c. 

Placed  in  the  voltaic  drouit.  Sir  H.  Davy 
showed,  that  it  was  decomposed  with  the 
same  phenomena  as  the  other  alkalis.  A 
portion  of  its  carbonate  being  fused  in  a 
platinum  capsule,  the  platinum  was  rendered 
positive,  and  a  negative  wire  brought  to  the 
upper  surface.  The  alkali  decomposed  with 
bright  scintillations,  and  the  reduced  metal 
bang  separated,  afterwards  burned.  The 
particles  were  very  similar  to  sodium.  A 
globule  of  quicksilver  made  negative,  and 
brought  into  contact  with  the  alkaline  salt, 
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soon  became  an  amalgam  of  lithium,  and 
had  gained  the  power  of  acting  on  water, 
with  tiie  evolution  of  hydrogen,  and  forma- 
tion of  alkali. 

M.  Vauquelin  concludes  from  his  experi- 
ments, that  100  parte  of  lithia  contain  4a5 
of  oxygen,  56.5  of  metallic  base ;  a  quan- 
tity which,  he  observes,  is  greater  than  that 
of  all  the  other  alkalis.  The  Editors  of  the 
Ann.  de  Chimie  remark,  that,  according  to 
this  estimate,  the  equivdient  number  of  the 
metal  is  12.97,  of  its  oxide  22.97,  of  its  dry 
sulphate  72.97,  and  of  its  crystallized  sul- 
phate 82.97.  These  numbers  are  adapted 
to  the  oxygen  radix  of  10.  Dc  Gmelin's 
analysis  of  lithia  makes  ita  composition  to 
he,  by  his  own  reduction, 

Lithium,  5&05 

Oxygen,  4.1.95 


100.00 
His  neutral  sulphate  consists  of, 
C^ryitallixed.     Dry. 
Sulphuric  add,      58.34    6a  15    5.000 
Uthia,  27.25    31.85    2.3367 

Water,  14.41 

The  prime  equivalent  of  lithia,  inferred  from 
this  analysis,  approaches  much  nearer  to  M. 
Vauquelin*s  number  than  that  deduced  by 
Dr  Gmelin  himself.  If  we  convert  this 
prime  ratio  into  per  cent  proportions,  we 
shall  have  lithia  a  compound  of 

IJthium,  57.205  1.3367 
Oxygen,  42.795  1.0000 
From  his  analysis  of  the  carbonate,  the 
prime  equivalent  of  lithia  comes  out,  as  near- 
ly as  possible,  2.3.  We  are  therefore  war- 
ranted to  consider  1..3  as  the  prime  of  lithi- 
um, from  the  concurring  experiments  both 
of  M.  Vauquelin  and  Dr  Gmelin.  I  can- 
not see  how  the  Doctor's  own  ingenious  and 
accurate  experiments  on  these  two  salts  per- 
mitted him  to  make  so  erroneous  an  estimate 
of  the  equivalent  of  lithia  as  2&83,  instead 
of23f  or2a 

LITHIC  ACID.     See  Acid  (Lrrmc). 
LITHOMARGE.    Stone-marrow,  a  mi- 
neral of  which  there  are  two  kinds,  the 
friable  and  indurated. 

-  Friable  IMhomarge,  Colour  white,  mas- 
sive, and  sometimes  in  cruste ;  panicles  scaly, 
and  feebly  glimmering ;  streak  shining ; 
slightly  cohering ;  soils  slightly ;  feels  rather 
greasy ;  adheres  to  the  tongue ;  light ;  phos- 
phoresces in  the  dark.  Ito  constituento  are, 
silica  32,  alumina  26.5,  iron  21,  muriate  of 
soda  1.5)  and  water  17.0.— JT/o/n-oM.  It 
occurs  commonly  in  tin-stone  vdns.  • 

Indurated  Lithomarge.  Colours  yellow- 
ish and  reddish-white ;  massive,  and  amygda- 
loidal ;  dull ;  fracture  line  earthy ;  opaque ; 
streak  shining ;  soft,  seotile,  and  easily  fran- 
gible ;  adheres  strongly  to  the  tongue ;  feels 
fine,  and  greasy ;  sp.  grav.  2.44.  Infusible 
before  the  blowpipe:    some  varieties  phoa 
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piioKsce,  and  otben,  when  moistenecl,  afford  coctlon  wen  used  bot,  the  colour  would  be 

an  agreeable  tmtAl  like  that  of  nuts.     Ita  in  etripea  and  uneveo. 

constituents  ore,  siUca  4^.25^  alumina  36.5,  Bei^gmann  hM  already  observed,  that  a  fino 

oxide  of  iron  8.75,  water  li,  and  a  trace  of  violet  might  be  produced  from  logwood,  by 

potash. — MTlaproth,     It  occurs  in  vdns  in  impregnating  the  silk  witb  adution  of  tin. 

porphyry,  gneiss,  &c  at  Rochlitz  in  Saxony,  In  iaet  we  may  thus  obtsin,  particaUrly  by^ 

and  at  Zoblitc— Jafn««on.  mixing  logwood  and  brasil  in  various  pro- 

LITMU&     See  AncHiL.     •  portions,  a  great  number  of  fine  shades,  mora 

LIVER  OF  SULPHUR.      See   SuL-  or  less  inclined  to  red,  from  lilac  to  violet. 

jHUB.  See  Hbuatin. 

LIXIVIATION.      The  application  of  LOMONITE  or  Laumoniib.     Dipiia- 

water  to  the  fixed  residues  of  bodies,  for  the  matic  Zeouib. 

purpose  of  extracting  the  saUne  part.  LUCULLITE.     See  Ldiestomb,   10th 

LIXIVIUM.      A  soIuUon  obtained  by  species, 

lixiviation.  LUMACHELLA.     See  Limesiome. 

LOADSTONE.     See  O&es  of  I&on.  LUNA  CORNEA.     Muriate  of  silver. 

LOAM.     See  Clay.  See  Silveb. 

LOBOITE.    A  magnesian  idocraje  from  LUNAR  CAUSTIC     Nitrate  of  silver 

Norway.  fused  in  a  low  beat.     See  Sa.VEB. 


LOGWOOD.     The  tree  which  yields  it         LUPULIN.     M.  Planche  first 

is  called  by  Linnsnis,  Hsematoxylum  campe-  ed  that  tlie  three  active  ingredients  of  hop,  the 

chianum.  oil,  resin,  and  bitter  principle,  reside  in  the 

Logwood  is  so  heavy  as  to  rink  in  water,  brilliant  yellow  grains  scattered  over  the  eali- 

haid,  compact,  of  a  fine  grain,  capable  of  cinal  scales  of  the  cones  which  serve  as  their 

being  polished,  and  scarcely  susceptible  of  envelope.    Dr  Ives  of  New  York,  and  MM. 

decay.     Its  predominant  colour  is  red,  tinged  Fayen  and  Chevalier,  have  since  confirmed 

with  orange,  yellow,  and  black.  this  porition.     This  matter,  when  insulated^ 

It  yields  its  colour  both  to  spirituous  and  is  of  a  golden-yellow  colour,  in  litde  grains^ 

watery  menstrua.     Alcohol  extracts  it  more  fiormed  of  an  impalpable  powder,  without  ooo* 

readily  and  copiously  than  water.     The  co-  sistence,  which  attaches  itself  to  the  fingers 

lour  of  its  dye  is  a  fine  red,  inclining  a  little  and  renders  them  rough.     It  has  a  penetrat- 

to  riolet  or  purple,  which  is  principally  ob-  ing  aromatic  odour.     200  grammes  of  tfaia 

aervable  in  its  watery  decoction.     This,  left  substance  being  put  into  a  retort,  with  300 

to  itself,  becomes  in  time  yellowish,  and  at  grammes  of  distUled  water,  the  mixture  was 

length  black.     Adds  turn  it  yellow;  alkaUs  subjected  to  distillation,  and  afibrded  water 

deepen  its  colour,  and  give  it  a  purple  or  and  oil  of  an  odour  entirely  rimilar  to  that 

riolet  hue.  of  this  yellow  matter;  but  much  more  pe- 

Stuflfs  would  take  only  a  slight  and  figtding  netratin'g,  narcotic,   uid  very  acrid  in  the 

colour  from  decoction  of  logwood,  if  they  throat     This  solution  is  soluble  in  a  great 

were  not  previously  prepared  with  alum  and  measure  in  water.    The  total  amount  is  about 

tartar.     A  little  alum  is  added  also  to  the  2  per  cent  of  the  yellow  matter  employed; 

bath.     By  these  means  they  acquire  a  pretty  and  as  this  yellow  matter  is  contained  in  hop 

good  violet.  in  the  proportion  of  1-1 0th,  it  follows  that  the 

A  blue  colour  may  be  obtained  irom  log-  hop  contains  about  2  parts  in  the  thousand 

wood,  by  mixing  verdigris  with  the  bath,  of  essential  oil. 

and  dipping  the  cloth  till  it  has  acquired  the         The  following  ingredients  were  extracted 

proper  shade.  by  MM.   Payen  and  Chevalier  fhim  20O 

The  great  consumption  of  logwood  is  for  parts  of  this  yellow  substance :— -1.  vrater ;  9: 

blacks,  to  which  it  gives  a  lustre  and  velvety  essential  oil ;  3.  carfoom'c  acid ;  4.  subacetate 

cast^  and  for  greys  of  certain  shades.     It  is  of  ammonia,  generated  in  the  distilled  water 

also  of  very  extenrive  use  for  diflferent  com-  after  a  few  days;  5.  traces  of  osmaxome ;  6. 

pound  colours,  which  it  would  be  difficult  to  traces  of  fat^  matter ;  7.  gum ;  8.  nialic 

obtain  of  equal  beauty  and  variety  by  means  add;   9.  malate  of  lime ;  10.  bitter  matter 

of  drugs  affording  a  more  permanent  dye.  25  parts ;  1 1.  a  well-characterixed  rerin,  105 

Juice  of  logwood  is  frequently  mixed  with  parts ;  12.  rilica,  8  parts;  13.  traces  of  cav> 

that  of  brasil,  to  render  colours  deeper ;  tlieir  bonate,  muriate^  and  sulj^te  of  potash ;  14. 

proportion  being  varied  according  to  the  shade  carbonate  and  phosphate  of  lime ;  1&  oxide 

desired.  of  iron  and  traces  of  solpbur.     The  bitter 

XiOgwood  is  used  for  dyeing  silk  violet.  matter  introduced  into  the  stomach  deatroya 

For  this,  the  silk  must  be  scoured,  alumed,  appetite.— Jaurvi.  de  Pkarm.  1822. 
and  wash^;  because^  without  aluming,  it  LUTE.  The  lutes  with  which  thejoib* 
would  take  only  a  reddish  tinge  that  would  ings  of  vessels  are  closed  are  of  diii^renc 
not  stand  wetting.  To  dye  rilk  thus,  it  must  kinds,  according  to  the  nature  of  the  opera- 
be  turned  in  a  cold  decoction  of  logwood  till  tions  to  be  made,  and  of  the  substances  to  be 
it  has  acquired  the  proper  colour :  if  the  de-  distilled  in  these  vessels. 
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When  Tapoun  of  watery  liquon,  mid  such 
as  are  not  corrosive,  are  to  be  contained,  it  is 
suflBcient  to  surround  the  Joining  of  the  re- 
oeiTer  to  the  nose  of  the  alembic,  or  of  the 
retort,  with  slips  of  paper  or  of  linen,  covered 
with  flour-paste.  In  such  cases  also,  slips  of 
wet  bladder  are  very  conveniently  used. 

When  more  penetrating  and  dissolving 
vapours  are  to  be  contained,  a  lute  is  to  be 
employed  of  quicklime  slacked  in  the  air, 
and  beaten  into  a  liquid  paste  with  whites  of 
eggs.  This  paste  is  to  be  spread  upon  linen 
slips,  which  are  to  be  applied  exactly  to  the 
joining  of  the  vessels.  This  lute  is  very 
convenient,  easily  dries,  becomes  solid,  and 
sufficiently  firm.  Of  this  lute^  vessels  may 
be  formed  hard  enough  to  bear  polishing  on 
the  wheel. 

Lastly,  when  acid  and  corrosive  vapours 
are  to  be  contained,  we  must  then  have  re- 
course to  the  lute  called/ai  lute,  Iliis  lute 
is  made  by  forming  into  a  paste  some  dried 
clay  finely  powdered,  sifted  through  a  silken 
searce,  and  moistened  with  water,  and  then 
by  beating  this  paste  well  in  a  mortar  with 
boiled  linseed  oil,  that  is,  oil  which  has  been 
rendered  drying  by  litharge  dissolved  in  it, 
and  fit  for  the  use  of  painters.  This  lute 
easily  takes  and  retains  the  form  given  to  it. 
It  is  generally  rolled  into  cylinders  of  a  con- 


venient sise.  These  are  to  be  applied,  by 
flattening  them,  to  the  joinings  of  the  vessels, 
which  ought  to  be  perfectly  dry,  because  the 
least  moisture  would  prevent  the  lute  from 
adhering.  When  the  joinings  are  weU  dosed 
with  this  fat  lute,  the  whole  is  to  be  covered 
with  slips  of  linen  spread  with  lute  of  lime 
and  whites  of  eggs.  These  slips  are  to  be 
fitttened  with  packthread.  The  second  lute 
is  necessary  to  keep  on  the  fat  lute,  because 
this  latter  remains  soft,  and  does  not  become 
solid  enough  to  stick  on  alone. 

Fine  porcelain  clay,  mixed  with  a  solution 
of  borax,  is  well  adapted  to  iron  vessels,  the 
part  received  into  an  aperture  being  smeared 
with  it. 

LTCOPODIUM.  The  fine  dust  of  ly- 
copodium,  or  clubmoss,  is  properly  the  seeds 
of  the  plant,  and  when  diffused  or  strewed 
in  the  air,  it  takes  fire  from  a  candle,  and 
bums  off*  like  a  flash  of  h'ghtning.  It  is 
used  in  the  London  theatres. 

IVom  1000  parts  of  these  seeds,  Bucholz 
extracted  60  parts  of  a  fixed  oil  soluble  in 
alcohol,  30  of  sngar,  15  of  mucilage^  895  of 
a  substance  insoluble  in  water,  alcohol,  ether, 
essence  of  turpentine^  and  cold  alkaline  leys. 

LYDIAN  STONE.     FUnty  slate. 

LYTHRODE&     See  ScAfOLTTB. 


M 


MACERATION.  The  steeping  of  a 
body  in  a  cold  liquor. 

MACLUREITE.     Baucite. 

MADDER.  The  root  of  the  plant  called 
tuhia  tinctorum;  of  which  two  varieties  are 
distinguished,  the  wild  and  the  cultivated. 
All  the  parts  of  the  rtMa  contain  a  yellow 
colouring  matter,  which  by  absorption  of 
oxygen  becomes  red ;  and,  indeed,  assumes 
this  tint  occasionally  in  the  plant.  The  co» 
louring  matter  exists  principally,  however,  in 
the  root,  the  only  part  employed  in  dyeing. 
Here  we  may  distinguish  the  bark,  the  middle 
portion,  and  the  interior  woody  fibre.  Hie 
bark  contains  the  same  colouring  matter  as 
the  wood,  but  mixed  with  much  brown  ex-- 
tractive  matter,  which  degrades  the  red  hue. 
Hie  bark  may  be  separated  in  the  milling, 
for  it  is  more  readily  ground,  and  may  thus 
be  removed  by  the  sieve.  In  the  middle  part 
of  the  root,  which  contains  the  finest  colour- 
ing matter,  and  that  in  largest  quantity,  there 
may  be  distinguished  by  the  microBCOpe  a 
great  many  small  shining  red  particles  dia- 
persed  among  the  fibres.  Tbeae  constitute 
the  rich  dyeing  material.  Tlie  fibres  coiw 
tain  a  brown  substance  similar  to  what  is 
fimnd  in  the  bark. 

The  roots  occur  in  commerce,  dried  and 
in  powder.  Hiey  are  also  sold  fresh,  when 
they  yield  finer  colours,  dye  more,  and  give 


jup  their  colouring  matter  with  one-third 
less  water.  According  to  D'Amboumay,  4 
pounds  of  fresh  roots  produce  as  much  e& 
lect  as  1  pound  of  dried  roots ;  and,  since  8 
pounds  of  fresh  roots  are  reduced  to  1  pound 
by  drying,  it  appears,  that  the  dyeing  power 
is  twice  greater  in  the  fresh  roots  than  in  the 
dry  ones.  From  smne  experiments  made  in 
England  it  has  indeed  been  concluded,  that 
5  pounds  of  fresh  roots  go  as  far  as  4  of  the 
dried.  The  roots  grown  in  the  South  of 
FWmce,  when  sold  in  the  ftesh  state,  are 
called  aliuari.  They  are  reddish-yellow ;  but 
when  ground,  take  a  fine  red  tinL  The  mad- 
ders of  Germany  and  Holland  are  orange- 
yellow,  passing  into  brown-red,  having  an 
acid  and  saccharine  taste^  and  a  strong  smell, 
Dobereiner  considers  madder  to  include 
two  principal  sul>stances ;  an  acid,  or  kind  of 
bluish-red  tannin,  and  an  alkaline  matter  of 
a  ios&.red  colour.  When  acetate  of  lead  is 
poured  into  a  decoction  of  madder,  the  acid 
principle  is  alone  precipitated,  and  the  other 
remains  in  solution.  Cold  water  extracts  the 
add  ingredient  in  madder,  and  the  other  may 
be  completely  dissolved  out  by  the  aid  of 
alum.  Lime  water  throws  it  down  from  its 
solution,  of  a  finer  tint  than  the  other  alka- 
line menstriui  do.  Madder  contains,  besides 
much  mudlage,  sugar,  and  other  substances. 
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Bocliob  found,  in  100  parU  of  nuidder 

dried  in  the  air,— 

Red  extinctive  principle,        -        39.0 
Brown-red  principle,  soluble  in 

alkalis  and  in  hot  alcohol,  -  1.9 
Caustic  extractive  matter,  -  0.6 
Fatty  red  resin,  -  -  1*2 

Brown-red  gum,  -  -     '    9.0 

Ligneous  fibre  somewhat  reddish,  22.5 
Matter  soluble  only  in  potash,  4.6 

Vegetable  calcareous  salts,        -        1.8 

.     Water,        -        -        -        .        12.0 

7.4 


John  found  in  madder,— 

Fatty  matter  of  a  red-brown  co- 
lour, analogous  to  wax. 
Red  resinous  matter. 
Red  extractive  matter. 
Oxidized  extractive^ 
Brownish  gum,        .        .        - 
ligneous  fibre,      ... 
Acetate  of  potash  and  lime. 
Phosphate,  muriate^  and  sulphate 

of  potash,  about 
Silica,         .... 
Oxide  of  iron,        ... 


100.0 


1.0 

ao 

20.0 
5.0 

ao 

43.5 

ao 

2.0 
1.5 
0.5 


100.0 
According  to  other  analyses,  madder  con- 
tains free  tartaric  acid.  Kublmann,  who 
has  recently  analysed  the  madder  of  Alsace, 
ibund  in  it,  red  colouring  matter,  dun  co- 
louring matter,  ligneous  fibre,  vegetable  acids, 
mucilage^  vegeto-animal  matters  (azotized), 
gum  4  per  cent,  sugar  16  per  cent,  bitter 
matter,  resin,  salts;  the  last,  consisting  of 
caibonate,  sulphate,  and  muriate  of  potash ; 
carbonate  and  phosphate  of  lime,  with  silica. 

Red  extractive.  This  appears,  from  the 
experiments  of  Bucbolz,  to  be  the  principal 
dyeing  substance  of  madder.  It  may  be 
obtained  pure  by  treating  madder  with  al- 
cohol slightly  dilute.  After  a  moderate  eva- 
poration, the  resinous  precipitate  which  falls 
is  to  be  separated  by  a  filter,  and  the  dear 
liquid  is  to  be  evaporated  to  dryness.  It  is 
red-brown,  verging  on  brown-yellow,  shin- 
ing, of  a  taste  at  first  saccharine,  then  bitter 
and  acid.  It  reddens  litmus,  assumes  in  the 
atmosphere  a  syrupy  consistence,  forms  with 
water  a  red-brown  liquor,  which  is  little  al- 
tered by  acids,  but  becomes  of  a  beautiful 
red  by  alkalis.  Chlorine  suddenly  destroys 
its  colour,  Gmelin  observes,  that  BuchoIc*s 
red  extractive  must  contain  also  some  of  the 
Hu:charine,  brown,  bitter,  and  add  constitu- 
ents. 

Red  redfunu  colouring  matter.  This  pra^ 
dpitate  may  be  purified  by  washing  witfi 
water,  and  solution  in  cold  alooliol,  evap^* 
rating  off  the  spirit,  treating  the  residuum 
with  ether,  and  then  evaporating  to  dryness. 
This  matter  feels  greasy,  has  an  orange-red 


tint,  and  the  consistenoe  of  bahamti  It  is 
insoluble  in  water,  soluble  in  alcohol  and  al- 
kalis, but  still  more  so  in  ether.  Its  etfaere- 
ous  solution  has  a  yeUow-bnnm  colour ;  the 
ammoniantl  solution  is  purpla-rad ;  its  soln- 
tion  in  fixed  alkali  is  violeL 

I  must  now  notice  the  discoveries  on  mad- 
der recently  didted  in  the  competition  for 
the  prizes  offered  by  the  Sodety  of  Mulhao- 
sen.  On  26th  August  1826,  MM.  Robl- 
quet  and  Colin  read  a  memoir  to  the  Fhilo- 
mathic  Sodety,  in  which  they  stated,  that  oo 
digesting  the  powder  of  madder  in  water,  and 
compressing  this  moistened  powder  in  a  ba^ 
a  liquid  is  obtained ;  whence  results  a  jelly, 
which  being  washed,  compressed,  and  acted 
on  by  boiling  alcohol,  affords  an  extract  that 
gives,  at  a  subliming  beat,  the  proper  red 
colouring  prindple  of  madder,  which  thej 
call  alixarine.  Kublmann  has  given  another 
process  for  procuring  alizarine.  He  treats 
the  ground  matter  directly  with  boiling  al- 
cohol, which  eventually  carries  off  all  its  red 
matter :  He  concentrates  the  alcoholic  adn- 
tion,  pours  into  it  a  little  sulphuric  add  and 
water,  and  obtains  an  abundant  orange  pr»> 
dpitate,  which  he  takes  for  alisarine.  Tbe 
add  liquor,  of  a  fine  lemon  colour,  contained 
no  more  of  it,  and  the  deposits  washed  with 
water  took  up  hardly  any  aliarine.  He 
dried  this  on  a  filter,  dissolved  in  ether,  and 
thence  obtained  aliaarine  in  crystals.  These 
crystals,  exposed  to  a  subliming  heat,  gave^ 
with  some  loss,  crystab  similar  to  those  of 
MM.  Colin  and  Robiquet.  Alizarine  hM  a 
golden-yellow  hue»  is  insoluble  in  water,  so- 
luble in  alcohol  and  ether;  is  predpitated  bj 
adds,  but  not  by  alkalis,  shewing  diatinctlj 
an  analogy  to  resins.  As  he  could  produce 
only  violet  dyes  with  this  prindple,  he  im** 
gined  that  the  aid  of  another  colour  waa  r»> 
quisite  to  bring  out  the  proper  Adrianople 
red;  and  he  found  this  in  a  iawn-ydknr 
matter,  soluble  in  water  and  alcohol,  which 
may  be  purified  by  predpitation  vrith  oxide 
of  lead,  washing  the  predpitate  with  alcohol* 
and  extricating  the  colour  by  sulphuric  add. 
He  calls  this  prindple  nmlAtne.  It  has  an 
orange-green  tint,  a  saccharine  taste ;  alkalis 
cause  it  to  pass  into  red,  and  adds  to  lemon- 
yellow.  He  thence  condudes,  that  the  di£. 
fSerences  in  the  madder  dyes  proceed  from 
the  relative  proportions  of  alizarine  and  zao- 
thlne  fixed  by  the  mordant  on  the  cloth ;  in 
the  rose  tints  the  xanthine  predominates^  but 
in  the  violets  there  is  little  of  it.  It  thvs 
becomes  easy  for  a  skilful  dyer  to  promote^ 
by  the  knowledge  of  the  preceding  fact%  the 
absorption  by  the  cloth  of  one  or  other  of 
these  colouring  priodples,  or  to  remove  one 
of  them,  should  both  together  have  been 
attached  to  it  at  first. 

In  a  second  memoir  on  alizarine,  MM. 
Colin  and  Robiquet  propose  to  obtain  it  bj 
treating  ground  madder  with  sulphuric  Mid» 


MADDER. 


601 


MADDER. 


▼ery  cautioutly  however,  ao  that  the  miztura 
knay  take  as  little  heat  as  possible.  By  this 
action,  the  whole  is  carbonised,  except  per- 
haps the  red  principle.  The  resulting  char- 
coal is  polTerised,  diffused  in  water,  then 
thrown  on  a  filter,  and  well  washed  with 
cold  water.  It  is  now  to  be  dried,  ground, 
or  diluted  with  50  parts  of  water  holding  6 
parts  of  alum  in  solution.  The  whole  is 
boiled  for  a  quarter  of  an  hour  at  least,  and 
the  boiling  liquor  is  filtered  through  a  linen 
cloth :  the  residuum  may  be  treated  a  second 
time  with  the  hot  alum  water.  After  mix- 
ing the  two  liquids,  one  part  of  sulphuric 
add  is  to  be  poured  into  them,  when  the 
mixture  is  left  to  cool  with  occasional  agita- 
tion. When  flocks  appear,  the  clearest  liquid 
is  to  be  decanted,  and  the  remainder  thrown 
on  a  filter.  The  precipitate  is  to  be  washed 
firrt  with  acidulated  water,  then  with  pure 
water,  and  dried;  when  the  red  colouring 
matter  or  puipurine  is  obtained.  When 
this  purpurine  is  heated  in  the  dry  state,  it 
disengages  alizarine,  an  empyreumatic  oil, 
with  a  smell  of  burnt  animsl  matter,  and 
leaves  a  cbarcoaly  residuum. 

The  authors  have  since  proposed  a  new 
method  of  obtaining  the  red  matter  from  the 
9u^uric  eharauU.  They  treat  it  first  with 
cold  alcohol,  which  removes  a  fatty  substance, 
and  thereafter  they  boil  a  new  portion  of 
alcohol  upou  ii.  This  solution  is  decanted 
while  hot,  and  laid  aside  to  cool :  it  is  de^ 
canted  anew  and  evaporated.  The  alcohol 
drawn  off  is  returned  on  the  tnare  (magma), 
which  is  treated  thus  three  or  four  times  in 
succession.  The  alcoholic  extract,  obtained 
in  the  second  place,  is  diffused  in  a  little 
water,  and  submitted  to  pressure.  In  this 
state  the  colouring  matter  is  considered  to  be 
pure.  When  it  is  to  be  employed  in  dyeing, 
it  must  be  dissolved  first  of  all  in  ammonia. 
According  to  the  estimate  of  the  authors,  100 
kilogrammes  (820  lbs.  avoird.)  of  madder 
would  cost,  to  be  thus  converted,  the  sum  of 
50  francs  (2  pounds  sterling). 

M.  Koechlln  of  Mulhausen  has  made  dye- 
ing experiments  on  these  different  products  of 
madder;  whence  it  would  appear,  that  the 
alcoholic  extract  of  the  sulphuric  carbon  gave 
the  best  result ;  then,  in  a  decreasing  order, 
the  purpurine,  the  alisarine,  the  ammoniacal 
extrsct  of  the  sulphuric  cubon  precipitated 
by  sulphuric  acid ;  and  lastly,  the  sulphuric 
carbon,  to  which  a  little  chalk  had  been 
added. 

Among  madders,  that  which  has  fermented 
for  three  or  four  days,  and  then  washed  in 
cold  water,  was  found  to  be  the  best  in  dye- 
ing ;  then  the  other  madders  in  the  following 
Older :— Madder,  which  had  been  cold,  wash- 
ed with  one-thousandth  of  tartaric  acid  and 
dissolved  Jn  water— that  which,  washed  mere- 
ly in  cold  water,  had  lost  55  per  cent  of  its 
weight ;  the  bark  of  the  madder  of  Avignon, 


called  pdlut ;  the  interior  of  the  same  bark  ; 
madder  which  has  suffered  a  certain  degree 
of  putrefaction;  and  lastly,  madder  which, 
by  exposure  for  about  three  weeks,  had  quad- 
rupled its  weight  by  absorption  of  humidity. 
It  appears  from  all  these  trials  at  Mulhausen, 
that  ^e  red  colouring  principle,  more  or  less 
purified,  may,  by  itself,  dye  scarlet,  rose, 
violet-brown,  black,  &c.  without  the  aid  of 
yellow  or  mucilaginous  substances;  a  fact 
fetal  to  the  conclusions  of  M.  Kuhlmann,  in 
the  concurrence  of  alizarine  and  xanthine 
towards  the  several  shades  of  red.  The  em- 
ployment of  purified  madders  is  destined  to 
introduce  great  improvements  in  printing  on 
silk,  and  dyeing  wool;  for  the  animal  tex- 
tures, as  for  example  aJl  oiled  woollen  stufis, 
possess  even  without  mordants  a  great  aflinity 
for  the  yellow  principle  of  niadder,  whidi 
cannot  be  abstracted  in  the  brightening  pro- 
cess with  alkalis  and  adds. 

M.  Koechlin  does  not  believe  in  the  exist- 
ence of  alizarine  as  the  red  prindple  of  mad- 
der. He  also  thinks,  that  the  process  of  the 
sulphuric  charcoal  is  impracticable  on  the 
large  scale,  on  account  of  the  heat  evolved ; 
and  as  it  requires  six  times  more  of  the  suU 
phuric  charcoal  than  of  madder  to  obtain 
equal  results  in  dyeing.  It  is  desirable,  there- 
fore, that  new  experiments  be  made  to  attain 
some  definite  result  of  utility  among  these 
contradictory  statements. 

Kurrer  has  published  in  the  Polytedinic 
Journal  of  Dingier  for  1827,  a  process  by  a 
spirituous  or  vinous  fermentation,  and  an 
immediately  subsequent  washing,  which  gives 
a  perfect  result  with  all  the  madders  of  com- 
merce. The  madder,  penetrated  with  water, 
and  covered  over  merely  one  inch,  ferments 
in  from  thirty-six  to  forty-eight  hours,  when 
the  whole  must  be  transferred  into  a  tub  con- 
taining a  good  deal  of  cold  water.  Here  the 
madder  precipitates,  and  must  be  washed  with 
several  cold  waters. 

The  ordinary  madder  red  dye  is  given  in 
the  following  way :— The  yarn  or  cloth  is  put 
into  a  very  weak  alkaline  bath  at  the  boiling 
temperature,  then  washed,  dried,  and  galled ; 
or  when  the  calico  is  to  be  printed,  for  this 
bath  may  be  substituted  one  of  cow-dung, 
subsequent  exposure  to  the  air  for  a  day  or 
two,  and  immersion  in  very  dilute  sulphuric 
add.  In  this  way  the  stuff  gets  opened,  takes 
and  retains  the  colour  better.  After  the  gaU- 
ing,  the  goods  are  dried,  and  alumed  twice ; 
then  dried,  rinsed,  and  passed  through  the 
madder  bath.  This  is  composed  of  3-4Ahs 
of  a  pound  of  good  madder  for  every  pound 
wdght  of  the  goods.  The  bath  is  slowly 
raised  to  the  boiling  point  in  the  course  of 
fifty  or  sixty  minutes,  more  or  less,  accord- 
ing to  the  shade  of  colour  wished  for.  When 
the  boiling  has  continued  a  few  minutes,  the 
stuff  is  taken  out,  washed  slightly,  and  dried 
a  second  time  in  the  same  manner,  and  with 
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As'  miich  madUer.     It  is  then  washed  and  fitrni  the  distillation  of  bones  in  iron  cylin- 

dried,  or  passed  through  a  hot  soap  bath,  ders.  Muriate  of  ammonia  and  subcarlxmate 

which  carries  off  the  fiiwn-coloured  particles,  of  magnesia  result     The  former  is  evapo- 

Other  dyes  likewise  are  added  to  the  mad-  rated  to  dryness,  mixed  with  chalk,  and  sub- 
der  bath,  to  obtain  other  shades  of  colour ;  limed.     Subcarbonate  of  ammonia  is  thus 
for  instance,  a  decoction  of  fustic,  weld,  log-  recovered,  with  which  a  new  quantity  of  bit- 
wood,  quercitron,  knoppern,  the  mordants  tern  may  be  decomposed;  and  thus  in  cease 
being  modified  accordingly.  less  repetition,  forming  an  elegant  and  coo- 

Hoelterboff  prescribes,  for  ordinary  madder  nomical  process.     100  parts  of  crystallised 

red,  the  following  proportions :— 20  pounds  Epsom  salt  require  for  complete  decompoai- 

of  cotton  yam,  14  pounds  of  Dutch  madder,  tion  56  of  subcartx>n8te  of  potash,  or  44  dry 

3  pounds  of  gall  nuts,  5  pounds  of  alum ;  to  subcarbonate  of  soda,  and  yield  16  of  pure 

which  are  added  first,  a  pound  and  a  half  of  magnesia  after  calcination, 
acetate  of  lead,  and  subsequently  a  quarter         Magnesia  is  a  white,  soil  powder.    Its  ap. 

pound  of  chalk.  gr.  is  3.3  by  Kirwan.     It  renders  the  synip 

When  bren  is  added  to  the  madder  bath,  of  violets,  and  infusion  of  red  cabbage^  greeOy 

the  colour  becomes  much  lighter,  and  of  a  and  reddens  turmeric.  It  is  infusible,  except 

more  agreeable  tint  by  the  hydroxygen  blowpipe.  It  has  scarcely 

AdrianopU  Madder   Red    is    given    by  any  taste,  and  no  smelL    It  is  nearly  insolu- 

many  distinct  operations.     The  first  consists  ble  in  water;  but  it  absorbs  a  quantity  of 

in  cleansing  or  scouring  the  goods  by  alka-  that  liquid  with  the  production  of  heat  And 

line  baths,  after  which  they  are  steeped  in  when  it  is  thrown  down  from  the  sulphate  by 

mly  liquors  brought  to  a  creamy  state  by  a  a  caustic  alkali,  it  is  combined  with  water, 

little  carbonate  of  soda  solution.     Infusion  constituting  a  hydrate,  which,  however,  oepa 

of  sheep's  dung  is  often  used  as  an  interme-  rates  at  a  red  heat     It  contains  about  one- 

diate  or  secondary  steep.     The  operation  of  fourth  its  weight  of  water, 
oiling,  with  much  manual  labour,  and  then         When  magnesia  is  expoaed  to  the  air,  it 

removing  the  superfluous  or  loosely  adhering  very  slowly  attracts  carbonic  add.     It  oom- 

cnl  with  an  alkaline  bath,  is  repeated  two  or  bines  with  sulphur,  forming  a  sulpbaret 
three  times,  taking  care  to  dry  hard  after         The  metallic  basis,  or  magnesium,  may  be 

each  process.     Then   follows    the  galling,  obtained  in  the  slate  of  amalgam  with  mer- 

aluming,  maddering,  and  brightening,  for  re-  cury  by  electrisation,  as  is  described  under 

moving  the  dun-coloured  principle,  by  boil*  Barium  ;  but  a  mudi  longer  time  is 


ing  at  an  elevated  temperature  with  alkaline  sary.   I^r  H.  Davy  succeeded  also  in  deoom- 

liquids  and  soap.     The  whole  is  often  con-  posing  magnesia,  by  pasang  potassium  in 

eluded  with  a  rosing  by  salt  of  tin.    Copious  vapour  through  it,  heated  to  whiteness,  in  a 

details  on  this  subject  are  inadmissible  in  this  tube  of  platinum  out  of  the  contact  of  air. 

Dictionary ;  they  will  be  found  in  my  notes  He  then  introduced  a  small  quantity  of  mer- 

to  BerthoUet  on  Dyeing.  cury,  and  heated  it  gently  for  some  time  in 


MADREPORES.     A  spedes  of  coral,  the  tube.  An  amalgam  was  obtained,  wl 

the  Boophyte  of  naturalists.    They  consist  of  by  distillation  out  of  the  contact  of  the  at- 

carbonate  of  lime,  and  a  little  animal  mem-  mosphere^  afforded  a  dark  grey  metallic  filntp 

branaceous  substance.  inftisible  at  the  point  at  which  plate-giaaa 

MAGISTERY.     Chemists  formerly  ap-  softened,  and  which,  in  the  process  of  the 

plied  this  term  to  almost  all  predpitates ;  at  distillation  of  the  mercury,  rendered  the  glasi 

present  it  is  applied  only  to  a  few,  which  black  at  its  point  of  contact  with  it     Thia 

have  retained  the  name  from  habitual  usage,  film  burned  with  a  red  light  when  heated 

MAGISTERY  OF  BISMUTH.     See  strongly,  and  became  converted  into  a'wfaita 

Bismuth.  powder,  which  had  the  character  of  magnesia^ 

MAGNESIA.     One  of  the  earths,  hav-  When  a  portion  of  magnesium  was  thrown 

ing  a  metallic  basis,  called  magnesium.     It  into  water,  it  sunk  to  the  bottom,  and  eficr- 

has  been  found  native  in  the  state  of  hyd-  Tesoed  slowly,  becoming  covered  with  a  while 

rate.  powder.    By  adding  a  little  muriatic  add  to 

Magnesia  may  be  obtained,  by  pouring  the  vrater,  the  effervescence  was  violent  Hie 

into  a  solution  of  its  sulphate  a  solution  of  metal  rapidly  disappeared,  and  the  solution 

subcarbonate  of  soda,  washing  the  precipi-  was  ftrand  to  contain  magnesia.     No  direct 

tate,  drying  it,  and  exposing  it  to  a  red  heat  experiments  have  as  yet  been  made,  to  deler- 

It  is  usually  procured  in  commerce  by  act-  mine  the  proportions  of  the  elements  in  mag- 

ing  on  magnesian  limestone  with  the  impure  nesia ;   but  ftom  experiments  made  on  the 

muriate  of  magnesia,  or  bittern  of  the  sea-  combination  of  this  substance  with  sulpbuiie 

ealt  manufactories.     The  muriatic  add  goes  add,  assuming  that  they  are  in  single  |iro« 

to  the  lime,  forming  a  soluble  salt,  and  leaves  portions,  Dr  Wollaston  infers  the  equivalent 

behind  the  magnesia  of  both  the  bittern  and  of  magnesia  to  be  2^46.    Henoe^  magnesium 

limestone.    Or  the  bittern  is  decomposed  by  will  be  1.46.     M.  Gay  Lnssac  has  lively  ex« 

a  crude  subcaibonate  of  ammonia,  obtained  perimented,  with  his  diancteristie  acconcy. 
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on  the  sulphate  of  magiSeua»  and  finds  it, 
'when  cryftallixedy  a  compound  of  dry  sul- 
phate of  magnesia,  48.57 
water  5i.4a 

The  equivalent  number  for  the  dry  sul- 
phate is  7.47189,  whenoe  that  for  magnesia 
is  2.47129,  approMhing  rety  nearly  to  Dr 
Wollaston's  detemunation. 

When  magnesia  is  strongly  heated  in  con- 
tact with  2  volumes  of  chlorine,  this  gas  is 
absorbed,  and  1  volume  of  oxygen  is  disen- 
gaged. Hence  it  is  evident  that  there  exists 
a  combination  of  magnesium  and  chlorine, 
or  a  true  chloride.  The  salt  called  muriate 
of  magnesia  is  a  compound  of  the  chloride 
and  water.  When  it  is  acted  on  by  a  strong 
heat,  by  far  the  greatest  part  of  the  chlorine 
unites  to  the  hydrogen  of  the  water,  and  rises 
in  the  form  of  muriatic  acid  gas ;  while  the 
oxygen  of  the  decomposed  water  combines 
with  the  magnesium  to  form  magnesia. 

Common  magnesia  alba  has  a  variable 
constitution.  But  if,  after  adding  carbonate 
of  soda  to  solution  of  sulphate  of  magnesia, 
we  boil  the  mixture  before  filtering,  the  car- 
bonate thus  formed  has  a  uniform  oomposa- 
lion,  consisting,  according  to  M.  Gay  Lussac, 
of  3  atoms  of  carbonate  of  magnesia  (3  X 
5»348)  -|-  1  atom  of  hydrate  of  magnesia 
(&7183)  X  3  atoms  of  water  (3  X  1- 1246) ; 
or,  by  analysis,  we  obtain  4  atoms  of  magne* 
sia,  3  of  cariK>nic  add,  and  4  of  water. 

Magnesia  is  chiefly  used  as  an  antacid,  pur- 
gative, and  lithontriptic  in  medicine.    When 
incautiously  used  for  a  long  time»  it  may  pro- 
duce very  serious  evils,  of  which  a  remarks 
able  case  is  narrated  by  Mr  Brande,  in  the 
1st  volume  of  his  Journal.     A  lady  was  re- 
commended to  take  magnesia,  in  consequence 
of  some  very  severe  nephritic  attacks,  accom- 
panied with  the  passage  of  gravel.     She  was 
desired  to  take  a  tea-spoonlul  every  night ; 
and  Henry's  calcined  magnesia  was  preferred, 
aa  that  always  operated  upon  the  bowels,  and 
**  carried  itself  off,"  which  other  magnesia 
did  not,  but,  on  the  contrary,  felt  heavy  and 
uneasy  on  the  stomach.     The  dose  was  gra- 
dually increased  to  two  tea^poonfuls,  in  or- 
der to  produce  effect  upon  the  bcvwels,  which 
this  quantity  never  failed  to  do.    Tlie  tymp- 
toms  for  which  it  was  ordered  were  soon  re- 
moved, but  the  plan  was  persevered  in  fof 
two  years  and  a  half,  with  tittle  intermission ; 
so  that  as  the  average  weight  of  a  te»4poon- 
ful  is  at  least  40  grains,  and  the  average  dose 
was  a  tecMpoonful  and  a  half,  it  may  be  pr^ 
suroed  that  she  took,  during  the  above  period, 
between  nine  and  ten  pounds  troy.    ''  In  the 
course  of  the  last  autumn  she  became  sensi- 
ble of  a  tenderness  in  the  left  side,  just  above 
the  groiui  connected  with  a  deep  seated  tit> 


mour,  obscurely  to  be  felt  upon  pressure^  and 
subject  to  attadLs  of  constipation,  with  pain- 
ful spasmodic  action  of  the  bowels,  tenesmus^ 
and  a  highly  irritable  state  of  stomach.  Hiese 
attacks  recurred  every  two  or  three  weeks^ 
varying  in  violence,  but  requiring  the  use  of 
active  remedies.  Several  irregular  lumps,  of 
a  soft  light-brown  substance^  were  voided, 
having  the  appearance  of  a  large  mass  broken 
down,  and  when  dry  extremely  friable.  A 
part  of  each  was  subjected  to  analysis,  and 
found  to  consist  entirely  of  subcarbonate  of 
magnesia,  concreted  by  the  mucus  of  the 
bowels,  in  the  proportion  of  about  40  per 
cent  She  was  cured  by  the  use  of  other  pur- 
gatives. "  Another  case  is  mentioned,  in  which 
not  only  large  quantities  of  a  concretion  of 
a  similar  description  were  voided,  but  upon 
examination  afier  death,  which  took  place 
pertiaps  six  months  after  any  magpesia  had 
been  taken,  a  collection,  supposed  to  be  from 
four  to  six  pounds,  was  found  imbedded  in 
the  head  of  the  colon,  which  was  of  course 
much  distended. 

The  most  important  magnesian  salts  are 
described  under  the  adds. 

MAGNESIA  (Hydrate  of),  lliis  mi- 
neral was  found  by  Dr  Bruce  of  New  York, 
in  small  vans  in  serpentine  at  Hoboken  in 
New  Jersey.  Colour  white ;  massive ;  lustre 
pearly ;  fracture  foliated  or  radiated ;  semi- 
transparent  in  the  mass ;  transparent  in  single 
folia;  soft,  and  somewhat  elastic;  adheres 
slightly  to  the  tongue ;  sp.  gr.  2. 13 ;  soluble 
in  adds.  Its  constituents  are,  magnesia  70, 
water  30^  which  iqyproaches  to  1  prime  equi- 
valent of  each.— %7am«sofi. 

MAGN£SIAN  LIMESTONE.      See 
,  Dolomite. 

MAGNESITE.  Colour  yellowish-grey, 
or  yellowisb-white,  and  marked  with  spots. 
It  occurs  massive,  tuberose^  reniform,  and 
vesicular ;  surfiice  rough ;  dull ;  fracture  con- 
cboidal ;  fragments  rather  sharp-edged ;  op- 
aque ;  scratched  by  fluor-spar,  but  it  scratches 
ctdcareous  spar;  it  adheres  pretty  strongly 
to  the  tongue ;  it  feels  rather  meagre ;  streak 
dull ;  rather  easily  frangible ;  sp.  gr.  2.881 ; 
infusible ;  but  before  the  blowpipe  it  becomes 
so  hard  as  to  scratch  glass.  Its  constituents 
are,  46  magnesiat  51  carbonic  add,  1  alu- 
mina, 0.25  ferruginous  manganese,  0. 16  lime, 
1  water.— J9ucAo/x.  It  is  found  at  Hrub- 
schits  in  Moravia,  in  serpentine  rocks. 

MAGNETIC  IRON  ORE,  and  PT- 
RYTE&     See  Ores  of  Ibon. 
MALACHITE.     See  Ores  of  Copfbs. 
MALACHOLITE.     Sahlite. 
MALATES  AND  MALIC  ACID.    See 
AoD  (Malic). 
MALLEABILITY.     See  Dc7CTIL1TY. 
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order. 
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Cadmium 

Antimony 

Gold 

Gold 

Copper 

Arsenic 

Silver 

SiWer 

Gold 

Bismuth 

Platinum 

Copper 

Iridium 

Cerium 

Iron 

Tin 

Iron 

Chromium 

Copper 

Platinum 

Lead 

Cobalt 

Zinc 

Zinc 

Mercury 
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Tin 

Iron 

Nickel 

Manganese 

Lead 
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Osmium 

Molybdenum 

Nickel 

Palladium? 

Palladium 

Rhodium 

Palladium  ? 

Platinum 

Tellurium 

Cadmium? 

Potassium 

Tungsten 

SiWer 

Utanium 

Sodium 

Uranium 

Tm 

Zinc 

MALT.  Grain  which  has  become  sweet, 
from  the  convernon  of  ita  starch  into  sugar, 
by  an'  indptent  gro¥rtb,  or  germination  arti- 
ficially induced,  called  malting.     See  Beeb. 

MALTHA.  The  mineral  tallow  of  Kir- 
wan,  said  to  have  been  found  on  the  coast  of 
Finland.  It  resembles  wax.  Its,  sp.  grav. 
b  0.77.  It  is  whiter  brittle,  sUios  paper  like 
oil,  melts  with  a  moderate  heat,  and  bums 
with  a  blue  flame  and  much  smoke.  It  dis- 
solves readily  in  oil,  and  imperfectly  in  hoi 
alcohol. 

MANGANESE.  A  metal  of  a  dull  whit- 
iab  colour  when  broken,  but  which  soon  grows 
dark  by  oxidation,  from  ihe  action  of  the  air. 
It  is  hard,  briule,  though  not  pulverixable, 
and  rough  in  its  fracture :  so  diflBcultly  fusi- 
ble»  that  no  heat  yet  exhibited  has  caused  it 
to  run  into  maiiwfii  of  any  considerable  mag- 
nitude. .  Its  specific  gravity  ia  8.0.  When 
broken  in  pieces,  it  fidb  into  a  powder  by 
qiontaneoaa  oxidation. 

Manganese,  heated  in  oxygen  or  chlorine, 
takes  fire,  and  forms  an  oxide  or  chloride. 

Hie  oxides  of  manganese  have  exercised 
the  skill  of  many  chemists,  and  are  hardly  yet 
determined  beycmd  controversy.  Hiree^  most 
probably  lour,  well  defined  oxides  may  be 
easily  formed ;  and  some  intermediate  oxides 
compounded  of  these  three,  exist  in  nature :— . 

1.  The  protoxide  is  best  obtained  by  Forcb- 
hammer's  process.  This  consists  in  trans- 
ipitting  hydrogen  gaa  over  the  deutoxide, 
peroxide^  or  carbonate  of  manganese,  ignited 
by  a  spirit  lamp  in  a  glass  tube.  Tilie  dark 
brown  or  blackish  powder  soon  changes  to  a 
ligltt  yellow,  which,  as  the  powder  is  suffered 
to  cool,  becomes  whiter  and  finally  of  a  beau- 
tiful li^t  green  colour.  This  colour  changes 
ia  the  air  to  a  greyish-green.     Its  consti- 


tuents are  stated  by  Fi 
experiment. 

Manganese, 

Oxygen, 


ovduiBniiiicr,  from 
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This  would  make  the  prime  equivalent 
nearly  3b3  to  oxygen  1,  wfaicfa  is  undoubtak 
ly  somewhat  too  little.  FVom  my  own  ex- 
periments on  the  sulphate  and  cailioQale  of 
manganese,  detailed  in  my  paper  on  chloride 
of  lime  (Journal  of  Science  lor  AprtI  1828; 
p.  S5w),  the  atomic  weight  of  the  metal  a|»- 
pears  to  be  3b5^  and  that  of  the  protoxide  4w& 
With  these  numbers  coincide  those  prawioaa- 
ly  given  by  Dr  Thomson  in  the  Annals  of 
Phil.  N.  S.  L  241.  and  Dr  Turner's,  teccntly 
given  in  hia  cbemical  examination  of  the  ox- 
ides of  manganese^  PhiL  Mag.  N.  8.  It.  28. 

Berthier  obtains  the  protoxide  of  mai^i^ 
nese  by  urging  to  a  white  heat^  in  a  brawfmed 
crucible*  either  the  carixmate  or  a  pure 
peroxide.  When  the  protoxide  u  separated 
from  the  sulphate  by  potash,  soda,  or 
nia,  it  appears  as  a  white  hydrate,  but 
be  dried  without  an  accession  of  oxyy 

Dr  Turner  remarks,  that  when  the 
by  a  current  of  hydrogen  is  conducted  at  a 
low  red  heat,  he  has  unilbnnly  found,  oo  put- 
ting the  product  into  dilute  sulphuric  add, 
which  speedily  dissolves  all  die  protoxide*  a 
portion  of  the  red  oxide  comes  into  Tiew, 
giving  the  solution  a  reddish  tint, 
ide  prepared  at  a  lull  red  heat  is 
in  the  air:  But  when  bcafted  to  600^  F.  k 
absocfaa  oxygen  very  rspidly ;  and,  at  a  low 
red  beat,  ita  green  tint  passes  almost  inslB»- 
taneously  into  black,  constituting  the  red 
oxide  of  Arfwedsoo. 

The  protoxide  is  the  bade  of  aD  the  proper 
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ialti  of  taangUkewe,  which  when  pure  are  co- 
kmrleas. 

8.  The  red  oxide*  This  is  formed  by  ex- 
posing the  nitrate  or  peroxide  of  manganese 
to  a  white  heat,  out  of  contact  of  fuliginous 
vapours.  It  has  a  brownish-red  colour  when 
cold,  and  is  nearly  black  while  warm.  The 
powder  of  the  native  red  oxide^  (f/ausfmai»- 
nite  or  pyramidal  manganese  ore),  has  a  red- 
dish-brown tint ;  and  the  colour  of  the  red  ox- 
ide from  a  gently  ignited  protoxide  or  carbo- 
nate has  usually  an  admixture  of  brown-yel- 
low, deeper  than  rhubarb ;  but  it  acquires  the 
red  tint  when  heated  to  whiteness.  Accord- 
ing to  Arfwedson,  100  parts  of  red  oxide  con- 
sist of  93.153  protoxide  +  6.847  oxygen; 
and  by  the  mean  of  Dr  Turner's  results,  of 
92.951  of  green  protoxide  4-  7.049  oxygen, 
or  of  72.291  manganese  -|-  27.709  oxygen. 
The  red  oxide  is  therefore  a  compound  of  2 
prime  equivalents  of  protoxide  rs  9,  -^  1 
prime  of  peroxide  ^  5.5,  whose  sum  14h5 
contains  4  of  oxygen  and  105  of  metal,  and 
m  100,  27.586  +  71.4.14. 

The  red  oxide  of  manganese  dissolves  in 
small  quantity  in  dilute  sulphuric  acid,  with- 
out disengagement  of  oxygen  gas,  forming 
an  amethyst- red  liquid.  On  heating  this  so- 
lution, or  dilute  sulphuric  acid,  on  the  red 
oxide,  oxygen  is  evolved,  the  colour  disap- 
pears, and  a  protosulphate  remains.  Four- 
teen and  a  half  parts  of  red  oxide  thus  treat- 
ed leave  five  and  a  half  of  peroxide.  Strong 
muriatic  acid  dissolves  the  red  oxide  into  a 
coloured  solution,  which  exhales  chlorine,  and 
gradually  passes  into  a  colourless  protomu- 
riate. 

3.  The  atomic  detUoxide  is  prepared  by 
exposing  the  nitrate  or  peroxide  of  manga- 
nese for  a  considerable  time  to  dull  ignition ; 
but  the  process  is  delicate,  and  apt  to  expel 
cither  too  much  or  too  little  oxygen.  But 
the  deutoxide  occurs  native,  under  the  name 
of  manganUe  or  prismatoidal  manganese  ore, 
Deutoxide  of  manganese  is  intermediate  be- 
tween the  protoxide  and  peroxide,  consisting 
of  a  prime  equivalent  of  each  in  chemical 
union,  or,  by  weight,  of  4.5  protoxide  -4-5.5 
peroxide  =  10,  being,  in  100  parts,  45  -|- 
55,  and  of  metal  70  -|-  oxygen  30.  The  deut- 
oxide procured  by  heat  from  the  native  per- 
oxide, or  the  hydnted  deutoxide  (mangamte), 
has  a  brown  colour ;  but  from  the  nitrate  of 
manganese  it  is  almost  as  black  as  the  per- 
oxide. Hie  native  deutoxide  has  the  same 
tint.  When  sulphuric  acid  is  heated  in  this 
oxide,  oxygen  is  extricated  with  effervescence, 
and  a  protosulphate  results. 

4..  The  peroxide  exists  native,  and  crystal- 
lised in  perfect  purity.  It  may  be  artificially 
prepared,  by  h«iting  the  dry  protonitrate  till 
a  uniform  black  mass  be  formed.  This  is  to 
be  pulverized,  washed  while  hot  with  strong 
nitric  add,  and  again  gently  calcined  with 
constant  stirring.     This  contains  twice  as 


much  oxygen  as  the  protoxide,  and  is  there- 
fore represented  by  3.5  manganese  -^2.0 
oxygen ;  or  in  100  parts,  of  36.36  of  the 
former  -f>  63.63  of  the  latter. 

When  three  proportions  of  peroxide  are 
ignited  to  whiteness,  two  of  them  pass  to  the 
state  of  protoxide,  which  unites  with  the  r&. 
maining  third  of  peroxide  to  form  3  propor- 
tions of  red  oxide :  thus  16.5  parts  (sa  3  X 
5.5)  will  become  14.5»  (ses 2x4.5 -f  5.5) ; 
or  100  will  become  87.87,  while  12.12  of 
oxygen  will  be  expelled. 

Forchhammer  and  Arfwedson  confirm 
Scheele's  original  observation,  that  when  the 
protoxide  is  heated  in  the  open  air  between 
the  boiling  point  of  water  and  mercury,  it 
suddenly  takes  fire,  and  bums  slowly  with  a 
reddish  light  into  the  deutoxide.  For  this 
purpose  the  protoxide  must  contain  no  car- 
bonic acid.  From  the  circumstance  of  the 
brown  deutoxide  being  the  product  of  com- 
bustion,  without  the  interference  of  any  other 
agency,  Forchhammer  justly  concludes  that 
it  is  a  (tistinct  and  definite  oxide.  The  mine- 
ral In-aunite  appears,  from  Dr  Turner's  expe- 
riments, to  be  an  anhydrous  deutoxide  of 
manganese ;  as  the  haussmannite  is  an  anhy- 
drous red  oxide  of  the  same  metal.  The 
mineral  pyroiusUe,  or  the  prismatic  manga- 
nese ore,  is  by  the  detennination  of  the  same 
chemist  an  anhydrous  peroxide^  most  proba- 
bly containing  an  admixture  oS  some  other 
oxide. 

The  Warwickshire  ore  of  manganese  seems 
to  be  a  mixture  of  manganite  and  pyrolusite, 
so  intimately  blended  that  it  is  difi^cult  to 
obtain  either  in  a  state  of  purity.  But  some 
fragments  of  pure  manganite  may  be  collect- 
ed in  it,  which  correspond  in  composition  to 
the  crystallized  manganite  of  Jhlefeld. 

Chameleon  Mineratf  as  described  under 
that  article,  exists  in  two  states  characterized 
by  the  colours,  a  green  and  a  red.  The 
green  is  considered  by  Dr  Forchhammer  to 
contain  a  manganeseous,  and  the  red  a  man- 
ganesic  add.  Hie  manganeseous  add  is, 
according  to  his  view,  very  easy  of  decom- 
position. When  combined  with  potash  it 
forms  a  submanganesite ;  and  whenever  the 
potash  b  saturated,  or  its  action  weakened, 
the  manganeseous  add  is  decomposed  into 
deutoxide  of  manganese  and  manganesic 
add;  hence  the  changes  of  the  chameleon 
from  red  to  green.  A  green  solution  ex- 
posed to  the  air  turns  red  by  the  absorption 
of  carbonic  add,  which  predpitates  deutoxide 
of  manganese.  Liquid  adds  have  the  same 
effect,  and  even  water  also  in  great  quantity, 
by  weakening  the  power  of  the  alkali.  When 
the  red  colour  is  changed  to  green,  it  is  in 
consequence  of  the  presence  of  some  body 
absorbent  of  oxygen,  as  alcohol,  protoxide 
of  manganese,  &c. ;  even  filtering  through 
paper  will  have  the  same  effbct.  Forch- 
hammer tried  to  insulate  the  manganesic 
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mad,  bf  acting  on  the  manganesiate  of  pot- 
ash with  nitrate  of  lead,  and  decompoaing 
tiie  precipitate  formed  with  sulphuric  add. 
Frommhen  haa  more  lately  made  some  prac- 
tical researches  on  this  add,  and  described  a 
Tery  easy  manner  of  procuring  it.  (Schweig- 
ger*s  Jnurnal,  xi.  257.)  Mix  very  intimately 
two  parts  of  nitrate  of  baryta  with  one  of 
perdzide  of  manganese,  and  heat  the  mixture 
to  redness.  On  cooling,  a  green  mass  will 
be  obtained.  This  roust  be  ground  to  a  fine 
powder,  mixed  with  from  24  to  30  times 
ita  weight  of  water,  and  subjected  to  a  stream 
of  carbonic  acid  gas,  the  mixture  bdng  all 
the  while  stirred  about.  There  are  simul- 
taneously formed,  cark>onate  of  baryta,  and 
a  deep  violet  solution  of  manganesic  add. 
When  the  predpitate  ceases  to  look  green, 
it  may  be  idlowed  to  settle^  and  the  liquid 
may  be  poured  off  the  brown  deposite,  which 
consists  of  carbonate  of  baryta  and  peroxide 
of  manganese.  Hie  liquid  must  be  boiled 
a  quarter  of  an  hour  to  expel  the  carbonic 
add,  whereby  some  more  carbonate  of  baryta, 
and  also  oxide  from  the  decomposed  add, 
are  thrown  down.  It  is  then  allowed  to 
clear,  and  evaporated  by  boiling  till  three- 
fourths  are  exhaled :  once  more  allowed  to 
clear,  and  thereafter  evaporated  to  a  small 
volume.  During  these  evaporations  it  is 
always  partially  decomposed,  and  throws  down 
some  oxide,  so  that  it  is  difficult  to  obtain  it 
free  from  intermixture  with  oxide.  As  it 
cools,  the  add  shoots  into  a  congeries  of 
small  adcular  crystals.  With  sulphuric  add 
the  manganesic  may  likewise  be  immediately 
disengaged  from  the  chameleon,  but  during 
the  requisite  digestion  and  evaporation  much 
of  it  is  lost  by  decomposition. 

Frommherz  has  verified  the  analysis  by 
Chevillot  and  Edwards  of  the  combinations 
of  this  add,  from  which  it  appears  to  contain 
41.27  per  cent  of  its  weight  of  oxygen. 
Hiis  cdnddes  nearly  with  the  proportions 
resulting  from  1  prime  equivalent  of  man- 
ganese, 3.5  -{-  2\  primes  of  oxygen,  or  2 
atoms  of  manganese  s=  7  -^  5  atoms  of 
oxygen  =  5,  constituting  the  sum  1 2,  which, 
in  100  parts,  is  58.3  manganese  -|-  41.6  oxy- 
gen. The  crystallized  add  contains  water, 
the  oxygen  in  which  is  equal  to  one>  fifth  of 
that  in  the  add.  Hence  the  crystals  con- 
sut  of  add,  12 


water. 


1.125 


13.125 
It  cannot  be  procured  in  an  anhydrous  states 
and  is  decomposed  by  evaporation,  even  under 
the  exhausted  receiver. 

The  hydrated  manganesic  add  lias  a  dark 
carmine-red  colour ;  tastes  at  first  sweetish^ 
afterwards  bitter  and  astringent ;  and  is  des- 
titute of  smell.  It  stains  the  skin  brown  by 
deposite  of  peroxide.  When  properly  heated 
it  volatilises.     The  red  tint  of  chlorate  of 


potash  is  doe  to  this  add,  which 
from  the  manganese  in  the  production  of 
chlorine.  If  the  green  mangancsite  of  pot- 
ash is  put  into  a  retort  with  sulphuric  add, 
and  heated  to  130°  C.  or  266^  P.,  violet  v». 
pours  rise,  and  manganesic  acid  comes  over 
mixed  with  sulphuric  These  v^knits  have 
a  quite  peculiar  smell,  which  is  percqptible 
also  in  the  carbonic  add  gas  that  pttaes  off 
during  the  production  of  manganesic  add  in 
the  above  process. 

A  saturated  solution  of  manganesic  acid 
in  water  has  at  68^  a  specific  gravity  of 
1.005.  By  refracted  light  It  appears  of  a 
dark  violet  hue,  and  by  reflected,  dark 
mine-red.  When  diluted  with  much 
the  solution  becomes  a  bright 
It  possesses  the  characteriatic  taste  of  addb^ 
and  in  some  measure  also  the  smdl  of  the 
vapours.  Light  decomposes  completely  its 
solution.  The  very  dilute  add  is  decom- 
posed by  boiling,  and  even  at  so  low  a  tem- 
perature as  122^  F. ;  but  the  most  concen- 
trated add  may  be  boiled  for  some  bouis 
without  any  notable  alteration.  Oxygen, 
nitrogen,  and  chlorine^  do  not  affect  this 
add.  Iodine  becomes  oxygenated  into  tbo 
acid  state ;  as  do  sulphur,  phosphorus,  and 
carbon.  A  current  of  hydrogen  decompoees 
the  manganesic  add ;  as  do  iJso  pbosphure^ 
ted,  sulphuretted,  and  carburetted  hydrogen, 
with  the  hydrogen  adds  in  general,  and 
carburet  of  sulphur.  Oxygen  adds,  with  a 
simple  radical,  do  not  decompose  it,  but 
those  with  compound  radicals  do,  and  like- 
wise some  bodies  in  the  first  stage  of  addi6- 
cation.  It  is  decomposed  by  metals,  even 
by  silver,  tin  only  excepted.  Gold  and 
platinum  were  not  tried.  All  organic  sub- 
stances decompose  it.  Frommherz  has  been 
led  to  imagine,  that  in  all  organic  bodies,  in 
which  the'  hydrogen  is  to  the  oxygen  in  the 
proportion  to  form  water,  cart>onlc  add  is 
disengaged,  but  that  this  does  not  happen  if 
hydrogen  exist  in  excess.  He  found  that 
alcohol  and  ether  are  decomposed  with  dis- 
engagement of  gas. 

With  potash,  soda,  baryta,  and  atrontiay 
manganesic  add  forms  saline  compounds; 
but  the  other  bases  do  not  afford,  by  double 
decomposition,  satisfactory  oorobinationa. 
Manganesiate  of  potash  affcnds  no  predpitate 
with  the  salts  of  alumina,  magnesia,  zinc^ 
cadmium,  cobalt,  nickd,  iron,  copper,  as  also 
nitrate  of  silver,  and  solutions  of  the  mu- 
riates of  gold  and  platinum.  The  predpU 
tate  obtained  from  salts  of  lead  is  not  a 
manganesiate  of  lead,  but  a  mixture  of  per- 
oxide of  manganese  and  pure  peroxide  of 
lead;  fcH*  potash  eliminates  no  manganesic 
add  from  it,  but  sulphuric  add  regenerates 
the  add  of  manganese. 

Chloride  of  Manganese  may  be  formed  by 
transmitting  muriatic  add  gas  over  dry  mu- 
riate of  manganese  heated  in  the  curve  of  a^ 
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glass  tube  bj  a  spirit  lamp.  We  thna  ob- 
tain a  veiy  beautiful  substance  of  great  bril- 
liancy, a  highly  crystalline  lamcllated  tex- 
ture, and  of  a  pure  delicate  pink  colour.  It 
consists  of  manganese  3.5  -|-  chlorine  4.5 
ss  8,  or  in  100  parts  4a75 -f  5e.85. 

If  the  solution  of  ordinary  peroxide  of 
manganese  be  dissolved  in  muriatic  ^d, 
evaporated  to  dryness,  and  gently  ignited, 
the  muriate  of  iron  present  will  be  decom- 
posed, and  a  solution  of  pure  manganese 
will  be  obtained  by  treating  the  mass  with 
water  and  filtering.  If,  however,  ferrocya- 
nate  of  potash,  dropped  into  this  solution, 
afford  any  blue  tint,  it  must  be  evaporated 
and  reignited,  which  will  separate  the  remain- 
ing particles  of  iron.  From  this  solution 
pitT9  carbonate  ^  manganese  may  be  preci- 
pitated by  carbonate  of  soda ;  the  Ihn^  if  any 
were  present,  having  been  preriously  sepa- 
rated by  oxalate  of  ammonia.  For  very 
delicate  purposes  the  carbonate  is  best  dried 
in  vacuOf  as  in  air  it  is  apt  to  absorb  oxygen, 
and  thus  generate  so  much  red  oxide  as  to 
give  its  solutions  in  adds  a  reddish  tint.  By 
my  experiments,  published  in  the  Journal  of 
Science  for  1822,  tlie  carbonate  consists  of 
two  atoms  of  the  dry  salt  =:  (4.5  -J-  2.75) 
8  -^  one  atom  of  water  =  1.125,  and  its 
prime  equivalent  is  therefore  15.625.  In 
the  dry  state  it  would  be  7.25. 

Sulphate  of  Manganete  may  be  prepared 
by  saturating  dilute  sulphuric  acid  with  the 
carbonate  evaporating  to  a  proper  density, 
and  setting  the  solution  aside  to  crystallbe. 
It  forms  colourless  transparent  rhomboidal 
prisms.  Its  taste  is  styptic  and  bitter.  It 
is  very  soluble  in  water,  especially  hot.  It 
may  be  prepared  directly  by  mixing  sulphuric 
acid  with  the  peroxide  of  manganese,  beating 
gradually  to  redness^  and  keeping  the  mass 
ignited  for  some  time.  The  sulphate  of  iron, 
formed  from  the  occasional  presence  of  that 
metal  in  the  manganese,  is  decomposed  by 
the  heat,  and  the  sulphate  of  manganese  may 
be  separated  by  lixiviation  with  water. 

Nitrate  of  Manganese  may  be  formed  from 
the  carbonate.  It  is  very  soluble,  and  diffi- 
cult to  crystallize.  It  may  also  be  formed 
(as  well  as  the  sulphate)  by  making  the  acid 
act  in  a  mixture  of  peroxide  of  manganese 
and  sugar  or  gum ;  the  vegetable  substance 
serving  to  reduce  the  manganese  to  a  mi- 
nimum of  oxidizement,  while  much  carbonic 
Mcid  is  evolved. 

The  salts  of  manganese  are  mostly  soluble 
in  water.  Ferroprussiate  of  potash  gives  a 
white  precipitate. 

Hydro&ulphuret,  -  white 

Sulpbiu%tted  hydrogen,  0 

Gallic  add,  .  .  0 

Sucdnate  and  benzoate  of  am.     0 
In  the  dry  way,  the  oxide  of  manganese 
combines  with  such  earths  and  saline  sub- 
stances as  are  capable  of  undergoing  fusion 


in  a  strong  heat.  These  experiments  are 
most  advantageously  performed  by  the  blow- 
pipe, which  see. 

This  metal  melts  readily  with  most  of  the 
other  metals,  but  rejects  mercury.  Gold  and 
iron  are  rendered  more  fusible  by  a  due  ad- 
dition of  manganese ;  and  the  latter  metal  is 
rendered  more  ductile.  Copper  becomes  less 
fusible^  and  is  rendered  whiter,  but  of  a 
colour  subject  to  tarnish. 

The  ore  of  manganese^  which  is  known  in 
Derbjrshire  by  the  name  of  Mac&  wadd,  is 
remariuible  for  its  spontaneous  inflammation 
with  oil.  It  is  of  a  dark  brown  colour,  of  a 
friable  earthy  appearance,  partly  in  powder, 
and  partly  in  lumps.  If  half  a  pound  of 
this  be  dried  before  a  iire^  and  afterward 
suffered  to  cool  for  about  an  hour,  and  it  be 
then  loosely  mixed  or  kneaded  with  two 
ounces  of  Unseed  oil ;  the  whol^  in  some- 
thing more  than  half  an  hour,  becomes  gr». 
dually  hot,  and  at  length  bursts  into  flame. 
This  effect  wants  explanation.  It  seems,  in 
some  measure,  to  resemble  the  inflammation 
of  oils  by  the  nitric  acid. 

Manganese  wss  used  chiefly  by  glass- 
makers  and  potters,  but  the  important  dis- 
covery of  chlorine  has  greatly  extended  its 
utility.     See  Bleachim(K 

M  ANG  ANITE.  An  ore  of  manganese^ 
consisting  of  two  prime  proportions  of  the 
deutoxide  of  the  metal,  combined  with  one 
of  water,  according  to  Dr  Tumer*s  analysis. 

MANNA.  Several  vegetables  afford  man- 
na ;  but  the  ash,  the  larch,  and  the  alhagi, 
afford  it  in  the  largest  quantities. 

The  ash  which  affords  manna  grows  natu^ 
rally  in  all  temperate  climates ;  but  Calabria 
and  Sidly  appear  to  be  the  most  natural 
countries  to  this  tree. 

The  manna  flows  naturally  from  the  tree^ 
and  attaches  itself  to  its  sides  in  the  form  of 
white  transparent  drops ;  but  the  extraction 
of  this  juice  is  fadlitated  by  incisions  made 
in  the  tree  during  summer. 

Its  smell  is  strongs  and  its  taste  sweetish 
and  slightly  nauseous:  if  exposed  on  hot 
coals,  it  swells  up,  takes  fire^  and  leaves  a 
light  bulky  coal. 

Water  totally  dissolves  it,  whether  hot  or 
cold.  If  it  be  boiled  with  lime,  clarified 
with  white  of  e|^,  and  concentrated  by  eva- 
poration, it  affords  crystals  of  sugar. 

Manna,  though  very  sweet,  contains  little 
sugar.  It  13  formed  prindpally  of  two  pe- 
culiar bodies ;  one  crystallisable  called  man" 
nitef  in  which  resides  the  sweet  taste;  the 
other  uncrystalUzable  and  mucous.  Per- 
haps it  contains  a  third,  to  which  it  owes  its 
nauseous  taste  and  smell.  Three  kinds  of 
manna  are  distinguished  in  commerce ;  man" 
na  in  tears,  sorted  manna,  andjat  manna* 

MANNITE.  Tliis  constituent  of  manna 
is  solid,  white^  inodorous,  and  crystallizes 
in  semitransparent  needles.     It  has  a  sweet 


MANUREa  008  MAMUaES. 

tatte.     It  is  procured  by  diMolTiiig  tear^  that  pbots  Uvcd  In  the  wuae  flolntioiit  alW 

manna  in  boiling  alcohol  letting  the  tolu-  diej  bad  fennented.     At  Aat  tiiDe»  be  top- 

tion  cool,  and  disaolring  the  crystalline  de»  poaed  that  fermeDtatioD  was  neceasary  to  !■«- 

posite  anew  in  boiling  alcohol,  after  haring  pare  the  food  of  plants ;  but  be  aftetwraida 

pressed  it  between  leaves  of  filtering  paper,  found,  that  the  deteterioos  effect  of  the  recent 

Mannite  falls  down  pure  from  the  second  Tegetable  solutions,  was  owing  to  their  being 

solution.     It  is  composed,  according  to  M.  too  concentrated ;  in  consequence  of  which 


de  Saussure,  of-» 

Carbon, 

da53 

Oxygen, 

5a60 

Hydrogen, 

7.87 

the  T^^etable  organs  were  probably  clogged 
with  solid  matter,  and  the  tnm^ration  by 
the  leaves  prevented.  In  the  beginning  o€ 
June,  in  tfie  next  year,  he  used  scdutions  of 
the  same  substances,  but  so  much  dihitrd, 

lOaOO  that  diere  was  about  only  |.900lh  part  of 

There  is  a  faint  excess  of  hydrogen  above  solid  vegetable  or  animal  matter  in  the  solo- 

the  constitution  of  water  in  it.  tions.     Plants  of  mint  grew  luxuriantly  in 

Tbu  substance  forms  the  basis  of  numy  all  these  solutions ;  but  least  so  in  that  of  the 

puigative  medicines. '  astringent  matter.     He  watered  some  spots 

MANURES.  Animal  and  vegetable  mat-  of  grass  in  a  garden  with  the  difbrent  soin- 

ters  introduced  into  the  sml,  to  accelerate  ve-  tions  separately,  and  a  spot  vridi   common 

getation,  and  increase  the  production  of  crops,  water:  the  grass  watered  with  solutions  of 

Hiey  have  been  used  since  the  earliest  pe-  jelly,  sugar,  and  mucilage,  grew  moat  vigor- 

riods  of  agriculture.      But  the  manner  in  ouriy ;  and  that  watered  with  the  solution  of 

which  manures  act,  the  best  modes  of  apply-  the  tanning  principle  grew  better  than  tiuit 

ing  them,  and  their  relative  value  and  dura-  watered  with  common  water, 

bility,  were  little  understood,  till  the  great  Vegetable  and  animal  substances  deposited 

diemist,  who  gave  new  lustre  to  the  whole  in  the  soil,  as  is  shown  by  universal  expcri- 

sdence,  turned  his  mind  to  this,  its  darkest,  ence,  are  contumed  during  the  process  of  v^ 

but  most  important  application.     I  conceive  getation ;  and  tliey  can  only  nourish  the  plant 

it  will  be  doing  a  service  to  society,  to  aid  by  afibrding  solid  nutters  capable  of  being 

the  diffusion  of  the  light  springing  from  the  dissolved  by  water,  or  gaseous  substances  ca- 

invaluable  researches  of  Sir  H.  Davy,  by  in-  pable  of  being  absorbed  by  the  ffmds  in  the 

serting  the  following  short  abstract  from  his  leaves  of  vegetables ;  but  such  parts  of  them 

Agricultural  Chemistry.  as  are  rendered  gaseous,  and  that  pass  into 

The  pores  in  the  fibres  of  the  roots  of  the  atmosphere^  must  produce  a  comparative 

plants  are  so  small,  that  it  b  with  difficulty  ly  small  effect,  for  gases  soon  become  diflfiiaed 

they  can  be  discovered  by  the  microscope ;  Uirough  the  mass  of  die  surrounding  air.  The 

it  is  not  therefore  probable,  that  solid  sub-  great  object  in  the  application  of  manure 

stances  can  pass  into  them  from  the  soil.  He  should  be  to  make  it  idflford  as  much  soluble 

tried  an  experiment  on  this  subject :  some  matter  as  possible  to  the  roots  of  the  plant ; 

impalpable  powdered  charcoal,  procured  by  and  that  in  a  slow  and  gradual  manner,  ao 

wndiing  gunpowder,  and  disaipating  the  suU  that  it  may  be  entirely  consumed  in  fonning 

phur  by  heat^  was  placed  in  a  phial  contain-  its  sap  and  organised  parts, 

ing  pure  water,  in  which  a  plant  of  pepper-  Whenever  manures  consist  principally  of 

mint  was  growing :    the  roots  of  the  plant  matter  soluble  in  water,  it  is  evident  that  their 

were  pretty  generally  in  contact  with  the  fermentation  or  putrefaction  should  be  pre- 

charcoal.     The  experiment  was  made  in  the  vented  as  much  as  possible ;  and  the  only 

beginning  of  May  1805 :  the  growth  of  the  cases  in  which  these  processes  can  be  usefid 

plant  was  very  vigorous  during  a  fortnight,  are,  when  the  manure  consists  principally  of 

when  it  was  taken  out  of  the  phial :  the  roots  Tegetable  or  snimtljibre.  The  circumsfesnceo 

were  cut  through  in  different  parts;  but  no  necessary  for  the  putrefiiction  of  animal  sub- 

carbonaceous  matter  could  be  discovered  in  stances,  are  similar  to  those  required  for  the 

them,  nor  were  the  smallest  fibrils  blackened  fermentation  of  vegetable  substances ;  a  tem- 

by  charcoal,  though  thb  must  have  been  the  perature  above  the  freezing  pointy  the  pre- 

case  had  the  charcoal  been  absorbed  in  a  solid  sence  of  water,  and  the  presence  of  oxygen, 

form.  at  least  in  the  first  stage  of  the  process. 

No  substance  is  more  necessary  to  plants  To  prevent  manures  from  decomposing 

than  carbonaceous  matter ;  and  if  this  can-  they  should  be  preserved  dry,  defended  from 

not  be  introduced  into  the  organs  of  plants  the  contact  of  air,  and  kept  as  cool  as  poa- 

except  in  a  state  of  solution,  there  is  every  sible. 


reason  to  suppose,  that  other  substances  less         All  green  tttcculent  plants  contain 

essential  will  be  in  the  sanu^case.  rine  or  mucilaginous  matter,  vrith  woody 

He  found,  by  some  experiments  made  in  fibre,   and   readily  ferment.     They  cannot, 

1804,  that  plants  introduced  into  strong  fresh  therefore,  if  intended  for  manure,  be  used  loo 

solutions  of  sugar,  mucilage,  tanning  princi-  soon  after  their  death, 
pie,  jelly,  and  other  sub^ances,  died ;  but         Rape  Cake,  which  is  used  with  great  sue- 
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ten  M  a  flMUMira^  contaiiis  a  large  quantity  of 
mudlage,  some  albuminous  matter,  and  a 
small  quantity  of  oil.  This  manure  should 
l»e  used  rscent,  and  kept  as  dry  as  possible 
before  it  is  applied.  It  forms  an  excellent 
dressing  for  turnip  crops ;  and  is  most  econo- 
mically applied  by  being  thrown  into  the  soil 
at  the  same  time  with  the  seed.  Whoever 
wishes  to  see  this  practice  in  its  highest  de- 
gree of  perfection,  should  attend  Mr  Coke's 
annual  sheep^^hearing  at  Holkham. 

Seo'^oeedi,  consisting  of  different  species  of 
fud,  algae,  and  confervse,  are  much  used  as 
a  manure  on  the  sea-ooasts  of  Britain  and 
Ireland.  Hiis  manure  is  transient  in  its 
cfff^cts,  and  does  not  last  for  more  than  a 
single  crop,  which  is  easUy  accounted  for 
from  the  latge  quantity  of  water,  or  the  el^ 
inents  of  water,  it  contains.  It  decays  with- 
out producing  heat  when  exposed  to  the  at- 
mosphere, and  seems,  as  it  were,  to  melt 
down  and  dissolve  away.  Sir  H.  has  seen 
Urge  heaps  entirely  destroyed  in  less  than 
two  years,  nothing  remaining  but  a  little 
black  fibrous  matter. 

The  best  farmers  in  the  west  of  England 
use  it  as  fresh  as  it  can  be  procured ;  and  the 
practical  results  of  this  mode  of  applying  it 
are  exactly  confbrmable  to  the  thcNoiry  of  its 
operation. 

When  straw  is  made  to  ferment,  it  becomes 
a  more  manageable  manure;  but  there  is 
likewise,  on  the  whole,  a  great  loss  of  nutri- 
tive matter.  More  manure  is  perhaps  sup- 
plied for  a  single  crop ;  but  the  land  is  less 
improved  than  It  would  be,  supposing  the 
whole  of  the  vegetable  matter  could  be  finely 
divided  and  mixed  with  the  soil. 

Lord  Meadowbank  states,  that  onejpart  of 
dung  is  sufficient  to  bring  three  or  four 
parts  of  peat  into  a  state  in  which  it  is  fitted 
to  be  applied  to  land  ;  but  of  course  the 
quantity  must  vary  according  to  the  nature 
of  the  dung  and  of  the  peat.  In  cases  in 
which  -some  living  vegetables  are  mixed  with 
the  peat,  the  fermmtation  will  be  more  rea- 
dily effected. 

Manures  from  animal  substances,  in  ge^ 
neral,  require  no  chemical  preparation  to  fit 
them  for  the  soil.  The  grest  object  of  the 
farmer  is  to  blend  them  with  the  earthy  con- 
stituents in  a  proper  state  of  division,  and  to 
prevent  their  too  rapid  decomposition. 

Fish  forms  a  powerful  manure,  in  what- 
ever state  it  is  applied ;  but  it  cannot  be 
ploughed  in  too  fresh,  though  the  quantity 
should  be  limited.  Mr  Young  records  an 
experiment,  in  which  herrings  spread  over  a 
field,  and  ploughed  in  for  wheat,  produced 
so  rank  a  crop,  that  it  was  entirely  laid  be- 
fore harvest 

Boms  are  much  used  as  a  manure  in  tlie 
neighbourhood  of  London.  After  being 
broken,  and  boiled  for  grease,  they  are  sold 
to  ilie  former.     The  more  divided  they  are^ 


the  more  powerful  are  their  eff^ecta.  Hie  ex« 
pense  of  grinding  them  in  a  mill  would  pro- 
bably be  repaid  by  the  increase  of  their  ferti- 
lizing powers;  and  in  the  state  of  powder 
they  might  be  used  in  the  drill  husbandry, 
and  delivered  with  the  seed,  in  the  same 
manner  as  rape^cake. 

During  the  putrefaction  of  urine,  the 
greatest  part  of  the  soluble  animal  matter 
that  it  contains  u  destroyed :  it  should  con- 
sequently be  used  as  fresh  as  possible ;  but 
if  not  mixed  with  solid  matter,  it  should  be 
diluted  with  water,  as  when  pure  it  contains 
too  large  a  quantity  of  animal  matter  to  form 
a  proper  fluid  nourishment  for  absorption  by 
the  roots  of  plants. 

Putrid  urine  abounds  in  ammoniacal  salts  ; 
aiyl  though  less  active  than  fresh  urine,  is  a 
very  powerful  manure. 

Amongst  excrementitious  solid  substances 
used  as  manures,  one  of  the  most  powerful 
is  the  dung  of  Mrds  th|^  feed  on  animal  food, 
particularly  the  dung  of  sea-birds.  The 
guanOf  which  is  used  to  a  great  extent  in 
South  America,  and  which  is  the  manure 
that  fertilises  the  sterile  plains  of  Peru,  is  a 
production  of  this  kind. 

It  contains  a  fourth  part  of  its  weight  of 
uric  add,  partly  saturated  with  ammonia  and 
partly  with  potash ;  some  phosphoric  add 
combined  with  the  bases,  and  likewise  with, 
lime ;  small  quantities  of  sulphate  and  mu* 
riate  of  potash ;  a  little  fatty  matter ;  and 
some  quartsose  sand. 

Ii^ghtsoUf  it  is  well   known,  is  a  very 
powerful  manure^  and  very  liable  to  decom- 


.  The  disagreeable  smell  of  night-soil  may 
be  destroyed  by  mixing  it  with  quicklime ; 
and  if  exposed  to  the  atmosphere  in  thin 
layers  strewed  over  with  quicklime  in  fine 
weather,  it  speedily  dries,  is  easily  pulverisedy. 
and  in  this  state  may  be  used  in  the  same 
manner  as  rape-cake,  and  delivered  into  the 
furrow  with  the  seed. 

The  Chinese,   who  have  more  practical' 
knowledge  of  the  use  and  application  of 
manure    than    any  other  people    existing,, 
mix   thdr  night-soil  with  on^third  of  its 
wdght   of  a  fiit  marl,  make  it  into  cakes,' 
and  dry  it  by  exposure  to  the  sun.     Tiliese 
cakes,  we  are  informed  by  the  French  mis- 
sionaries, have  no  disagreeable  smell,  and. 
fbrm  a  common  article  of  commerce  of  the  > 
empire. 

After  night-soil,  pigeans*  dung  comes  next 
in  order  as  to  fertilizing  power. 

If  the  pure  dung  of  cattle  is  to  be  used  as 
manure,  like  the  oUier  spedes  of  dung  which 
have  been  mentioned,  there  seems  no. reason, 
why  it  should  be  made  to  ferment  except  in 
^e  soil ;  or  if  suffered  to  ferment,  it  should  • 
be  only  in  a  very  dight  degree.  The  grass 
in  the  ndghbourhood  of  recently  voided  dung 
is  always  coarse  and  dark  green :  some  per- 

Qq 


MANURE.  610  MASTIC. 


sons  have  atfriboted  thift  to  a  nosioua  quality  noxioiia  cttuvia.    Ik  k  isiarioBs  vfacD  nUcd 

m  unfcnneDtiog  duDg;  bst  it  teem  to  be  with  maj  conmon  dmag,  and  tcndi  tonader 

rather  the  remit  of  an  ezccaa  of  food  furaiib>  the  eztraetiTe  matter  insoluble, 

ed  to  the  plants.  **  The  doctrine  of  the  proper  application 

A  slight  incipient  fermentation  is  un-  of  manures  from  organized  substances,"  aaja 

doobtedlj  of  use  in  the  dunghill ;   for  bj  Sir  H.  Dayy,  **  offers  an  illustratioB  of  an 

means  of  it  a  disposition  is  brought  on  m  the  important  part  of  the  economy  of  nature, 

woody  fibre  to  decay  and  dissolve,  when  it  is  of  the  hi^py  order  in  which  it  is  arranged, 

carried  to  the  land,  or  ploughed  into  the  soil ;  **  The  death  and  decay  of  animal 

and  woody  fibre  is  always  in  great  excess  in  stances  tend  to  resolve  oiganised  forms  iolo 

the  refuse  of  the  farm.  chemical   constituents;  and  the  permdotn 

Too  great  a  degree  of  fermentation  i%  effluvia  disengaged  in  the  proceas,  seem  to 
however,  very  prejudicial  to  the  composite  point  out  the  propriety  of  buiying  them  in 
manure  in  the  dunghill ;  it  is  better  that  the  soil,  where  they  are  fitted  to  become  the 
there  should  be  no  fermentation  at  all  before  food  of  vegetables.  The  fermentation  and 
the  manure  is  used,  than  that  it  should  be  putrefiKtion  of  organized  substances  in  the 
carried  too  far.  firee  atmosphere^  are  noxious  processes :  be- 
Within  the  last  seven  years  Mr  Coke  has  neath  the  surface  of  the  ground,  th^  are  se- 
entirely  given  up  the  system  formerly  adopted  lutary  operations.  In  this  case  the  food  of 
en  his  farm,  of  applying  fermented  dung;  plants  is  prepared  where  it  can  be  used;  and 
and  he  has  found,  that  his  crops  have  been  that  which  would  ofiend  the  senses  and  tn- 
since  aa  good  as  they  ever  were,  and  that  his  jure  the  health,  if  expoeed,  is  converted  by 
manure  goes  nearly  twice  as  far.  gradual  processes  into  ibrms  of  beauty  and 

In  cases  when  finrm-yard  dung  citfinot  be  of  usefulness ;   the  fetid  gas  is  rendcnd  a 

immediately  applied  to  crops,  the  destructive  constituent  of  the  aroma  of  the  flower,  and 

ftrmentation  of  it  should  be  prevented  very  what  might  be  poison,  becomes  nourishment 

carefully.  to  animals  and  to  man." 

The  surface  should  be  defended  as  much  as  MARBLE.     See  LdiBbtonz. 

possible  from  the  oxygen  of  the  atmosphere:  MA  RCA  SITE,     See  Pybikbs. 

a  compact  marl,  or  a  tenacious  clay,  offen  MARECANITE.    Obsidian,  in  the  form 

the  best  protection  against  the  air ;  and  before  of  little  grains  like  peas,  pearly-white^  con- 

the  dung  is  covered  over,  or,  as  it  were^  sisting  of  very  thin  concentric  layen,  found 

sealed  up,  it  should  be  dried  as  much  as  in  Marekan  in  the  Gulf  of  Kamschatka. 

possible.     If  the  dung  is  found  at  any  time  MARGARIC  ACID.    See  Acid(Mab^ 

to  heat  strongly,  it  ^cmld  be  turned  over,  garic). 

and  cooled  by  exposure  to  air.  M ARGAR ATES.    Saline  compounds  of 

If  a  thermometer  plunged  into  the  dung  the  above  add  with  bases, 

does  not  rise  to  above  100  degrees  of  Fahr.  MA  RG  A  RITE.     A  minera},  in  mass,  of 

there  is  little  danger  of  much  aeriform  mat-  a  greyish-white  colour,  and  in  small  cryrtal- 

ter  flying  oflT.     If  the  temperature  is  high-  line  laminsp,  intersecting  each  other  in  every 

cr,  the  dung  should  be  immediately  spread  direction.     It  is  like  silvery  mica.    It  oocura 

abroad.  in  the  Tyrol. 

When  a  piece  of  paper  moistened  in  mu-  MARINE  ACID.     Muriatic  Add. 

riatic  add,  held  over  the  steams  arising  from  MARL.     See  LuiBsnoNZ. 

a  dunghill,  gives  dense  fumes,  it  is  a  certain  MARMOR  METALLICUM.     Native 

test  that  the  decomposition  is  going  too  far,  sulphate  of  baryta. 

for  this  indicates  that  volatile  alkali  is  disen-  MARROW.     Hie  animal  fat  Ibmid  in 

gaged.  the  cavities  of  long  bmies. 

When  dung  is  to  be  preserved  for  any  MARS.     The  mythological  and  alche> 

time,  the  situation  in  which  it  is  kept  is  of  mistical  name  of  iron. 

importance.     It  should,  if  possible^  be  de^  MARTIAL  ETHIOPS.     Firotoxide  of 

fended  from  the  son.     To  preserve  it  under  iron. 

sheds  would  be  of  great  use;   or  to  make  MARTIAL  SALTS.     Salts  of  iron, 

the  site  of  a  dunghill  on  the  north  side  of  MASSICOT.    Yellow  oxide  of  lead.    See 

a  wall.  Lead. 

Soot,  which  is  prindpally  formed  from  the  MASTIC.     A  resinous  substance  in  the 

combustion  of  pit-coal,   or  coal  generally,  form  of  tears,  of  a  very  pale  ydlow  cokmr, 

contains  likewise   substances  derived  from  and   fiirinaceous   appearance,    having    little 

animal   matters.     This  is  a  very  powerful  smell,  and  a  bitter  astringent  taste.    It  flows 

manure.  naturally  from  the  tree,  but  its  produce  ia 

It  is  well  fitted  to  be  used  in  the  dry  state,  accelerated  by  incisions.  Ihe  lesser  tor- 
thrown  into  the  ground  with  the  seed,  and  pentine  tree  and  the  lentiacns  afford  the 
requires  no  preparation.     Lime  should  never  mastic  of  commerce. 

be  applied  with  animal  manures,  unless  they  No  volatile  oil  is  obtained  from  this  sub- 
are  too  rich,  or  for  the  purpose  of  preventing  stance  when  distilled  with  water.     Pure  al- 
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cohol  and  oil  of  tnipentine  duaohre  it ;  water 
■eareelyacti  upon  h;  though  by  masticatioa 
it  becomes  soft  and  tough>  like  wax.  When 
chewed  a  little  whiles  however,  it  is  whiter 
opaque^  and  brittle^  so  as  not  to  be  softened 
again  by  chewing*  The  part  insoluble  in 
alcoliol  much  resembles  in  its  properties  ca- 
outchouc. It  is  used  in  fiimigations,  in  the 
composition  of  Tarnishes,  and  is  supposed  to 
strengthen  the  gums^ 

MATRASS.     See  Laboratory. 

MATRIX.  The  earthy  or  stony  matter 
which  accompanies  ores,  or  envelopes  them 
in  the  earth. 

MEADOW-ORE.       Conchoidal    Bog 
iron-ore. 

MEADOW-SAFFRON,  (Gratioia  ojffU 
einaiis),  contains,  1.  a  brown  coloured  gum- 
my matter;  2,  a  very  bitter  kind  of  resinous 
matter,  very  soluble  in  alcohol,  and  soluble 
in  water,  especially  through  the  agency  of  the 
other  principles  present  in  the  juice  of  the  gra- 
tiola ;  3b  a  small  quantity  of  animal  matter; 
4t.  a  malate,  which  appears  to  have  a  base  of 
potash,  and  considerable  quantity  of  sea  salt. 
The  active  properties  reside  in  the  resinous 
matter. 

MEASURES.  The  English  measures  of 
capacity  are  according  to  the  following  table : 
One  eidlon,  wine  mea>  >  x*  _. 

w^isequidto        Jfou'q'-rts. 

One  quart,         -         -    two  pints. 
Onepint^         -        -    28.875  cubic  inches. 

Hie  pint  is  subdivided  by  chemists  and 
apothecaries  into  16  ounces. 

The  gallon,  quart,  and  pint  ale  measure, 
are  to  the  measures  of  the  same  denomin». 
tions,  wine  measvre,  respectively,  as  262  to 
231.     See  Acid  (Muriatic),  and  Apfbndix. 

The  Paris  foot  is  equal  to  12.789  English 
inches,  or  to  the  English  foot  as  1 14  to  107. 
For  measures  of  weighty  &c.,  see  Balance. 

MECONIC  ACID.  See  Acm  (Me- 
conk). 

MEDULLIN.  The  name  given  by'Dr 
John  to  the  porous  pith  of  the  sun-flower. 
It  is  soluble  in  nitric  acid,  but  insoluble  in 
water,  ether,  alcohol,  and  oils ;  is  void  of  taste 
and  smell ;  and  on  distillation  it  aflbrds  am- 
monia, leering  a  charcoal  of  a  metallic  or 
bronse  appearance. 

MEERSCHAUM.  Keffekil  of  Kirwan. 
Colours  yellowidi  and  greyish-white;  mas- 
sive ;  dull ;  frscture  i&ne  earthy ;  fragments 
angular;  opaque;  streak  slightly  shining; 
does  not  soil ;  very  soft,  sectile,  but  rather 
difficultly  fVangible ;  adheres  strongly  to  the 
tongue;  feels  rather  greasy;  sp.  gr.  1.2  to 
1.6.  Before  the  blowpipe,  it  melts  on  the 
edges  into  a  white  enamel.  Its  constituents 
are,  silica  41.5^  magnesia  18.25,  lime  0.50, 
water  and  carbonic  acid  39.— jna/m>lA.  It 
occurs  in  the  veins  in  the  serpentine  of  Corn- 
wall.    When  first  dug,  it  is  soft,  greasy,  and 


lathen  like  soap.  Henee  the  Tartars  use  it 
for  washing  clothes.  In  Turkey  it  is  made 
into  tobacco  pipes  firom  meerschaum  dug  in 
Natolia,  and  near  Thebes.  See  Jameson's 
Mineralogy  for  an  entertaining  account  of  the 
nuinufacture. 

MEIONITE.  Frismato-pyramidal  feU 
spar.  Colour  greyish-white;  massive,  but 
more  frequently  crystallised.  The  primitive 
form  is  a  pyramid,  in  which  the  angles  are 
laeP  22^,  63»  22^.  Its  secondly  forms  are 
rectangular  four-sided  prisms,  variously  acu- 
minated or  truncated.  The  crystals  are  small) 
smooth,  and  splendent;  lustre  vitreous;  cleav- 
age double  rectangular;  transparent^  harder 
tiun  common  felqiar,  but  softer  than  quarts  ; 
easily  frangible;  sp.  gr.  2.6;  easily  fusible 
before  the  blowpipe  with  intumescence.  It 
occurs  along  with  ceyianite  and  nepheline,  in 
granular  limestone,  at  Monte  Somma  near 
Naples. 

MEL ANITE.  Colour  velvet-black ;  in 
roundish  grains,  but  more  frequently  crystal- 
lised in  a  rhomboidal  dodecahedron,  truncated 
on  all  the  edges ;  surface  of  the  grains  rough 
and  uneven;  that  of  the  crystals  shining; 
fracture  flat  conchoidal ;  opaque ;  as  hard  as 
quarU  ;  rather  easily  frangible ;  sp.  gr.  3w73b 
Its  constituents  are,  silica  35.5^  alumina  6^ 
lime  32.5^  oxide  of  iron  25i25^  oxide  of  man^ 
ganese  0.4,  loss  0.35.  It  b  found  in  a  rock 
at  Firescati  near  Rome,  and  in  the  basalt  of 
Bohemia. 

MELASSES.  The  black  empyreumatic 
syrup  which  drains  from  raw  sugar. 

MEL  I  LITE.  A  mineral,  in  small  square 
prisms ;  internally  of  a  honey-yellow  colour ; 
externally,  coated  yellow  by  oxide  of  iron.  It 
gives  sparks  with  steeL  Found  at  Capo  di 
Bove  near  Rome. 

MELLATES.  Compounds  of  mellitic 
acid  with  the  salifiable  bases. 

MELLITE,  or  HONEY-STONE.  Co- 
lour honey-yellow ;  rarely  massive;  crystal^ 
Used.  Its  primitive  figure  is  a  pyramid  of 
118^4/,  and  93<>22'.  The  secondliry  figures 
are-^the  primitive,  truncated  on  the  apices ; 
on  the  apices  and  angles  of  the  oonmion  base ; 
and  the  angles  on  the  common  base  bevelled. 
Externally  smooth  and  splendent ;  cleavage 
pjrramidal ;  fractureperfect  conchoidal ;  semi- 
transparent  ;  refinacts  double,  in  the  direction 
of  the  pyramidal  plane ;  harder  than  gypsum, 
but  softer  than  calcareous  spar;  brittle f  sp* 
gr.  1.4  to  1.6.  Before  the  blowpipe  it  be- 
comes white  and  opaque,  with  black  spots, 
and  is  at  length  reduced  to  ashes:  when 
heated  in  a  close  vessel,  it  becomes  black.  It 
is  slightly  resino-electric  by  friction.  Its  con- 
stituents are,  alumina  16^  mellitic  acid  46, 
water  of  crystallisation  S8.-— ITArprofA.  It 
occurs  superimposed  on  bituminous  wood 
and  earth  coal,  and  is  usually  accompanied 
with  sulphur.  It  has  hitherto  been  found  only 
at  Artem  in  Thuringia. 
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MELTIKG.     See  Caloric,  (change  of 
ttate),  and  FusmiLiTY. 

MEMBRA  NES  of  animab  consist  of  con- 
crete gelatin,  and  are,  like  skins,  convertible 
into  leather  by  tannin. 

MENACH ANITE.  Colour  ^eyisb- 
black ;  occurs  only  in  very  small  flattisb  an- 
gular grains,  whidi  bave  a  rougb  glimmering 
surface ;  glistening ;  adamantine,  or  semi-me- 
tallic lustre;  cleavage  imperfect;  opaque; 
not  so  hard  as  magnetic  iron-sand ;  brittle ; 
retains  its  colour  in  tbe  streak ;  sp.  gr.  4.3  to 
4c  4s  It  is  attractible  by  the  magnet,  but  in  a 
much  weaker  degree  than  magnetic  iron-stone ; 
infusible  without  addition ;  it  tinges  borax  of 
a  greenish  colour.  Its  constituents  are,  oxide 
of  iron  51,  oxide  of  titanium  45.25,  oxide  of 
manganese  0.25,  silica  3.5. — Ktaproth.  It  is 
found,  accompanied  with  fine  quartz  sand,  in 
the  bed  of  a  rivulet  which  enters  the  valley  of 
Manaccan  in  Cornwall. 

ME  NIL  I  T£.  A  sub-species  of  indivi- 
sible quartz.  It  is  of  two  kinds— the  brown 
and  tbe  grey.  Brown  meniiUe  is  c^cstnuU 
brown,  inclining  to  liver-brown.  It  occurs 
tuberose ;  external  surface,  rough  and  dull ; 
internal,  glistening ;  it  has  sometimes  a  ten- 
dency to  lamellar  distinct  concretions ;  frac- 
ture very  flat  conchoidal ;  translucent  on  tbe 
edges;  scratches  glass ;  easily  frangible ;  sp. 
gr.  2. 17 ;  infusible.  Ito  constituenU  are, 
silica  85.5,  alumina  1,  lime  0.5,  oxide  of  iron 
0.5,  water  and  carbonaceous  matter  11.0. 
Found  at  Menil  Montant  near  Paris,  imbed- 
ded in  adhesive  skte,  as  flint  is  in  chalk. 

Orey  menUUe.  Colour  yellowbb-grey ; 
tuberose;  internally  glimmering  or  dull; 
fracture  as  above ;  semi-bard  in  a  high  degree ; 
easily  frangible ;  sp.  gr.  2.3.  It  occurs  at 
Argenteuil  near  P^is,  imbedded  in  a  clayey 
marl.^-Jii  meson* 

MEPHITIC  ACID.     Carbonic  Add. 

MENSTRUUM.     A  word  synonymous 

with  solvent. 

MERCURY  is  distinguished  from  all  other 
metals  by  its  extreme  fusibility,  which  is  such, 
that  it  does  not  take  the  solid  state  until  cooled 
to  the  thuty-ninth  degree  belo^O  on  Fahren- 
heit's thermometer ;  and  of  course  it  is  always 
fluid  in  the  temperate  climates  of  the  earth. 
Its  colour  is  white,  and  rather  bluer  than 
silver ;  in  the  solid  state  it  is  imperfectly  mal- 
leable ;  its  specific  gravity  is  13.6.  It  is 
volatile,  and  rises  in  small  portions  at  the 
common  temperature  of  the  atmosphere,  as  is 
evinced  by  several  experiments,  moreespedally 
in  a  vacuum,  such  as  obtains  in  the  upper  part 
of  a  barometer  tube.  At  the  temperature  of 
about  656^  it  boils  rapidly,  and  rises  copiously 
in  fumes.  When  exposed  to  such  a  heat  as 
may  cause  it  to  rise  quickly  in  the  vaporous 
form,  or  about  600°,  it  gradually  becomes  con^ 
verted  into  a  red  oxide,  provided  oxygen  be 
present.  This  was  formerly  known  by  the 
name  of  precipitate  j)er  te*     A  greater  heat,. 


however,  revives  this  metallic  oxide^  aft  the 
same  time  that  the  oxygen  is  again  extricatied. 
Ten  days  or  a  fortnigbOs  constant  beat  is  r». 
quired  to  convert  a  few  grains  of  mcicury 
into  precipitate  per  ae  in  the  small  way. 

From  this  volatility  of  mercury,  it  is 
monly  purified  by  distillation. 

Mercury  is  not  perceptibly  altered  by  i 
exposure  to  tbe  air ;  though  by  Imig  agita- 
tion, with  access  of  air,  it  becomes  oooverted 
into  a  black  powder  or  oxide^  which  gives 
out  oxygen  by  heat,  the  metal  being  aft  the 
same  time  revived. 

When  calomel  or  protochloride  of  ^e^ 
cury  is  acted  on  by  potash  water,  it  yields 
the  pure  black  protoxide ;  and  when  cono- 
sive  sublimate  or  the  deutochloride  is  treated 
in  tbe  same  way,  it  affords  the  red  deutoxid& 
The  former  oxidei,  heated  with  access  of  air« 
slowly  changes  into  the  latter.  Tbe  coo- 
stituents  of  the  first  are,  100  metal  -|-  4  oxy- 
gen ;  of  the  second,  100  -|-  8.  Hence  the 
prime  equivalent  of  mercury  is  25.  At  a 
red  beat  both  oxides  emit  their  oxygen,  and 
pass  to  the  metallic  state.  A  moderate  hemk 
converts  the  black  oxide  partly  into  runnins 
mercury  and  partly  into  red  oxide.  Tbe 
deutoxide,  as  usually  pr^fMured  frcnn  tbe  ni- 
trate by  gentle  calcination,  is  in  brilliant  red 
scales,  which  become  of  an  orange  hue  wfaea 
finely  comminuted.  It  frequently  contains 
a  little  undecomposed  subnitrate. 

By  triturating  mercury  with  uncCaous  or 
viscid  matters,  it  is  changed  partly  into  prot- 
oxide^ and  partly  into  very  minute  globules. 
By  exposing  mercurial  ointment  to  a  m«>- 
derate  heat,  tbe  globules  fidl  down,  while  a 
proportion  of  the  oxide  remains  combined 
with  the  grease.  This  light  grey  chemical 
compound  is  supposed  to  possess  aU  tbe  vir- 
tues of  the  dark  coloured  ointment^  and  to 
be  cheaper  and  more  convenient  in  the  ap* 
plication.  Mr  Donovan,  who  introduced  it» 
forms  it  directly  by  exposing  a  mixture  of 
1  part  of  black  oxide  and  24  parts  of  bog*s» 
lard  to  a  heat  of  350<»,  for  about  two  hours. 
Red  oxide  of  mercury  is  acrid  and  poison- 
ous, and  carries  these  qualities  into  its  saline 
combinations.  The  protoxide  is  relativelj 
bland,  and  is  the  bans  of  all  the  mild  mer- 
curial medicines. 

1.  When  mercury  is  heated  in  dilorine^  it 
burns  with  a  pale  red  flame,  and  the  sub- 
stance called  corrosive  sublimate  is  formed. 
This  deutochloride  may  also  be  formed  by 
mixing  tc^ether  equal  parts  of  diy  bideuto- 
sulphate  of  mercury  and  common  salt,  and 
subliming,  llie  corrosive  sublimate  rises, 
and  incrusts  the  top  of  the  vessel,  in  the 
form  of  a  beautiful  white  semitransparenft 
mass,  composed  of  very  femall  prismatic 
needles.  It  may  be  obtained  in  cubes,  and 
rhomboidal  prisms,  or  quadrangular  prisms, 
with  their  sides  alternately  narrower,  and 
terminated  by  dihedral  summits.     Its  sp.  gr. 
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u  S.  14i  It!  taste  is  acrid,  itypto-metalUc, 
and  eminently  disagreeable.  It  is  a  deadly 
poison.  Twenty  parts  oF  cold  water  disaoWe 
it,  and  leas  than  one  of  boiling  water.  100 
parts  of  alcohol  at  the  boiling  temperature 
dissolve  88  of  corrosive  sublimate;  and  at 
70^  ihej  dissolve  37.5  parts.  The  consti- 
tuents of  this  chloride  are,— 

Mercury,     25  73.53 

Chlorine,       9  2a47 

It  may  be  recognised  by  the  following  cha- 
racters :— It  volatilises  in  white  fumes,  which 
seem  to  tarnish  a  bright  copperplate,  but 
really  communicate  a  coating  of  metallic  mer- 
cury, which  appears  glossy  white  on  friction. 
When  caustic  potash  is  made  to  act  on  it, 
with  heat,  in  a  glass  tube,  a  red  colour  ap- 
pears, which  by  gentle  ignition  vanishes,  and 
metallic  mercury  is  then  found  to  line  the 
upper  part  of  the  tube  in  minute  globules. 
Solution  of  corrosive  sublimate  reddens  lit- 
mus paper,  but  changes  syrup  of  violets  to 
green.  Bicarbonate  of  potash  throws  down 
from  it  a  deep  brick-red  precipitate^  from 
which  metallic  mercury  may  be  prociwed  by 
heating  it  in  a  tube.  Caustio  potash  gives 
a  ydlow  precipitate ;  but  if  the  solution  be 
¥ery  dilute,  a  white  cloud  only  is  occasioned, 
which  becomes  yellowish-red  on  subsidence. 
Lime  water  causes  a  deep  yellow,  verging 
mx  red.  Water  of  ammonia  forms  a  white 
precipitate,  which  becomes  yellow  on  being 
heated.  With  sulphuretted  hydrogen  and 
hydrosulphurets,  a  black  or  blackish-brown 
precipitate  appears.  Nitiate  of  silver  throws 
down  the  curdy  precipitate  characteristic  of 
muriatic  acid ;  and  the  protomuriate  of  tin 
gives  a  white  precipitate.  The  proper  anti- 
dote to  the  poison  of  corrosive  sublimate^  is 
the  white  of  egg  or  albumen,  which  converts 
it  into  calomel.  Sulphuretted  hydrogen  water 
may  also  be  employed,  along  with  emetics. 
From  six  to  twelve  grains  were  the  mortal 
doses  employed  by  Orfila  in  bis  experiments 
on  dogs.  They  died  in  hoirible  convulsions, 
generally  in  two  hours.  But  when,  with  the 
larger  quantity,  the  whites  of  eight  eggs  were 
thrown  into  the  stomach,  the  animals  soon 
recovered,  after  vomiting.  Corrosive  subli- 
mate^ digested  with  albumen  for  some  time, 
was  given  in  considerable  doses  with  impu- 
nity. The  Instructioos  given  under  Ajisenic, 
for  ^uunination  of  the  bowels  of  a  person 
supposed  to  be  poisoned,  are  equally  appli- 
cable to  poisoning  by  corrosive  sublimate; 
and  the  appearances  are  much  the  same. 

Karls  states  that  camphor  powerfully  aids 
the  solution  of  corrosive  sublimate  in  ether 
and  alcohol — BulL  Univers.  A.  is.  207. 

2.  PtotocMoride  of  mercury,  mercurius 
dulcis  or  cahmely  is  usually  formed  from  the 
deutochloride,  by  triturating  four  parts  of 
the  latter  with  three  of  quicksilver,  till  the 
globules  disappear,  and  subjecting  the  mix- 
ture to  a  subliming  heat.    By  levigating  and 


edulcoratii^  with  warm  water  the  sublimed 
greyish-white  cake,  the  portion  of  soluble 
corrosive  sublimate  which  had  escaped  de- 
composition is  removed.  It  may  also  be 
made  by  adding  solution  of  protonitrate  of 
mercury  to  solution  of  common  salt.  The 
protochloride  or  calomel  precipitates.  The 
following  is  the  process  used  at  Apothecaries* 
Hall,  London :  50  lbs.  of  mercury  are  boiled 
with  70  lbs.  of  sulphuric  acid,  to  dryness,  in 
a  cast-iron  vessel ;  62  lbs.  of  the  dry  salt  are 
triturated  with  40^  lbs.  of  mercury,  until  the 
globules  disappear,  and  34  lbs.  of  common 
salt  are  then  added.  This  mixture  is  sub- 
mitted to  heat  in  earthen  vessels,  and  from 
95  to  100  lbs.  of  calomel  are  the  result.  It 
u  washed  in  large  quantities  of  disdlled  water, 
after  having  been  ground  to  a  fine  and  im- 
palpable powder. 

When  protochloride  of  mercury  is  very 
slowly  sublimed,  four-sided  prisms,  terminaU 
ed  by  pyramids,  are  obtained.  It  u  nearly 
tasteless  and  insoluble^  and  u  purgative  in 
doses  of  five  or  six  grains.  Its  sp.  gr,  is 
7. 176.  Exposure  to  air  darkens  its  surface. 
When  two  pieces  are  rubbed  in  the  dark, 
they  phosphoresce.  It  is  not  so  volatile  as 
the  deutochloride.  Nitric  acid  dissolves  ca- 
lomel, converting  it  into  corrosive  sublimate. 
Protochloride  of  mercury  is  composed  of 
Mercury,  25  84.746 

Chlorine^    4.5         15.254 

JoiUde  of  Mercury*  See  Iodine,  towards 
the  end. 

We  have  two  sulphurets  of  mercury ;  the 
black  or  etfuopt  mineral^  and  the  red  or 
cinnabar. 

The  first  is  easily  made  by  heating  or  tri- 
turating the  ingredients  together,  or  by  add- 
ing a  hydrosulphuret  of  alkali  to  a  mercurial 
saline  solution.     It  consists  of 

Mercury,  25  92.6 

Sulphur,     2  7.4 

When  the  black  sulpburet  is  exposed  to  a 
red  heat  in  earthen  pots,  cinnabar  sublimes, 
which,  when  reduced  to  powder,  is  of  a  beau- 
tiful red  colour,  and  is  used  as  a  pigment 
under  the  name  of  vermiUon.  Its  sp.  gr.  is 
about  10.  It  is  insoluble  in  water,  insipid, 
and  burns  with  a  blue  flame.  If  it  be  mix- 
ed with  half  its  weight  of  iron  filings,  and 
distilled  in  a  retort,  it  yields  pure  mercury. 
It  is  deutosulphuret,  and  consists  of 
Mercury,  25  86.2 

Sulphur,     4  laS 

It  is  well  known  that  sulphuretted  hydro- 
gen gas,  passed  through  a  solution  of  mer- 
cury, forms  a  whitish  precipitate  which  even- 
tually becomes  black.  The  white  precipitate 
obtained  from  corrosive  sublimate  is  stated 
by  Rose  to  consist  of 

Mercury,  81.80 

Chlorine,  9.53 

Sulphur,  8.67 


100.00 
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lYiis  compound  is  best  prepared  by  boiling 
black  sulpfauret  of  mercury  with  solution  of 
perchloride ;  and  leaving  it  some  time  to  res^ 
that  it  may  filter  more  readily.  Analogous 
phenomena  occur  with  the  perbromide,  per- 
iodide,  and  perfluoride  of  mercury.  The 
precipitate  by  sulphuretted  hydrogen  ftom 
pemitrate  of  mercury  consbts  of 

Sulphuret  of  mercury,  56.95 

Pemitrate  of     do.  41.05 


100.00 
The  salts  of  mercury  have  the  following 
general  characters  :■— 

1.  A  dull  red  heat  volatilises  them. 

2.  Ferroprussiate  of  potash  gives  a  white , 
precipitate. 

3.  Hydrosulpfauret,  black. 

4^  Muriate  of  soda,  with  the  protosalts, 
white. 

5.  Gallic  acid,  onmge-yeDow. 

6.  Plate  of  copper,  quicksilver. 

The  sulphuric  acid  does  not  act  on  this 
metal,  unless  it  be  well  concentrated  and  boil- 
ing. For  this  purpose  mercury  is  poured 
into  a  glass  retort  with  neariy  twice  its  weight 
of  sulphuric  acid.  As  soon  as  the  mixture 
u  heated,  a  strong  efiervescence  takes  places 
sulphurous  add  gas  escapes,  the  surface'of 
the  mercury  becomes  white,  and  a  white 
powder  is  produced :  when  Che  gas  ceases  to 
come  over,  the  mercury  is  found  to  be  con- 
verted into  a  white,  opaque,  caustic,  saline 
mass,  at  the  bottom  of  the  retort,  which 
weighs  one-third  more  than  the  mercury,  and 
is  decomposed  by  heat.  Its  fixity  is  con- 
siderably greater  than  that  of  mercury  itself. 
If  the  heat  be  raised,  it  gives  out  a  consider- 
able quantity  of  oxygen,  the  mercury  being 
at  the  same  time  revived. 

Water  resolves  it  into  two  salts,  the  bisul- 
phate  and  subsulpfaate :  the  latter  is  of  a  yel- 
low colour.  Much  washing  is  required  to 
prodiice  this  colour,  if  cold  water  be  used ; 
but  if  a  large  quantity  of  hot  water  be  pour- 
ed on,  it  immediately  assumes  a  bright  le- 
mon colour.  In  this  state  it  is  called  turbith 
minerai.  The  other  affbrds  by  evaporation, 
small,  needly,  deliquescent  crystals. 

Tlie  fixed  alkalis,  magnesia,  and  lime,  pre- 
cipitate oxide  of  mercury  from  its  solutions : 
these  precipitates  are  reducible  in  closed  ves- 
sels by  mere  heat  without  addition. 

The  nitric  acid  rapidly  attacks  and  dis- 
solves mercury,  at  the  same  time  that  a  large 
quantity  of  nitrous  gas  is  disengaged ;  and 
tiie  colour  of  the  acid  becomes  green  during 
its  escape.  Strong  nitric  acid  takes  up  its 
own  weight  of  mercury  in  the  cold ;  and  this 
solution  will  bear  to  be  diluted  with  water. 
But  if  the  solution  be  made  with  the  assis- 
tance of  heat,  a  much  larger  quantity  is  dis- 
solved ;  and  a  precipitate  will  be  afforded  by 
the  addition  of  distilled  water,  which  is  of  a 
yellow  colour  if  the  water  be  hot,  or  white 


if  it  be  cold ;  and  greatiy  resembles  the  tor- 
bith  mineral  produced  with  sulphuric  mad : 
it  has  accordingly  been  called  nUrout  turHtk* 

All  the  comUnatums  of  mercury  and  nitric 
add  are  very  caustic,  and  fimn  a  de^  parple 
or  black  spot  upon  the  skin.  They  afford 
crystals,  which  difilW  according  to  the  state 
of  the  solution.  When  nitric  add  has  taken 
up  as  much  mercury  as  it  can  dissolve  by  heat, 
it  usually  assumes  the  form  of  a  white  aafine 
mass.  When  the  combination  of  nitric  acid 
and  mercury  is  exposed  to  a  gndual  and  lon^ 
continued  low  beat,  it  gives  out  a  portion  of 
nitric  acid,  and  becomes  converted  into  a 
bright  red  oxide,  still  retaining  a  small  por- 
tion of  add.  This  is  known  by  the  name 
of  red  precipitate,  and  is  much  used  as  an 
escharotic. 

When  red  predpitate  is  strongly  heated,  a 
large  quantity  of  oxygen  b  disengaged,  toge- 
ther with  some  nitrogen,  and  the  mercury  is- 
sublimed  in  the  metdlic  form. 

Nitrate  of  mercury  is  more  soluble  in  hot 
than  cold  water,  and  afibrds  crystals  by  cool- 
ing. Tt  is  decomposed  by  the  afiuaion  of  a 
large  quantity  of  water,  unless  the  add  be 
in  excess. 

A  fulminating  preparation  of  mercury  wee 
discovered  by  Mr  Howard.  A  hundred 
grains  of  mercury  are  to  be  dissolved  by  beat 
in  an  ounce  and  a  half  by  measure  of  nitric 
add.  lUs  solution  bdng  poured  cold  into 
two  ounces  by  measure  of  idcohol  in  a  glass 
vessel,  heat  is  to  be  applied  till  efi^rvesoenee 
is  exdted.  A  white  vapoer  undulates  on 
the  surface,  and  a  powder  is  gndually  pte- 
dpitated,  which  is  immediately  to  be  oolleci- 
ed  on  a  filter,  well  washed,  and  cautioaaly 
dried  with  a  very  moderate  best.  Ihis  po>w. 
der  detonates  loudly  by  gentle  heat,  or  slight 
friction. 

It  has  been  used  very  much  of  lale  as  the 
match-powder  or  priming  for  tfie  percusrioo- 
caps  of  the  detonating  locks  of  fbwling^ieoes. 
Two  grains  and  a  half  of  it,  mixed  witti  one-' 
sixth  of  that  weight  of  gunpowder,  fisnn  the 
quantity  for  one  percussion-cap,  accordiiig 
to  the  researches  of  Aubert,  Pelissier,  and 
Gay  Lussac.  In  preparing  this  powder  ia 
quantities,  tiie  fulminating  mercury  should 
be  moistened  with  thirty  per  cent  of  water, 
then  triturated  in  a  mortar,  and  thereafter 
nrixed  with  the  sixth  part  of  its  wdght  of 
gunpowder.  Matches  of  this  kind  ituist 
damp  very  wdl,  and  take  fire  after  several 
hours  immerson  in  water.  The  detonating 
match,  or  priming  powder,  made  with  chlo- 
rate of  potash,  sulphur,  and  charcoal,  has 
the  inconvenience  of  rusting  and  soiling  the 
fowling-pieces,  and  thence  causing  them  to 
miss  fire ;  whereas,  with  the  above  fulmtaeu 
ing  powder,  100  shots  may  be  disduorgtd 
successively.  Tbe  mercurial  pereuMion-caps 
are  sold  now  in  Paris  at  the  rate  of  three 
francs  and  a  half  the  thousand. 
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The  acetic  and  moat  other  adds  combine  dry,  70  per  cent  of  .metaL     If  only  a  very 

with  the  oiide  of  mercury,  and  predpitaCe  it  minute  quantity  of  lead  be  present  in  a  large 

IVom  its  solution  in  the  nitric  add.     See  quantity  of  mercury,  it  may  be  detected  by 

Salts  (Table  of).  solutioo  in  nitric  acid,  and  the  addition  of 

When  one  part  of  native  sulpburet  of  an-  sulphuretted  water.     A  dark  brown  precipi* 

timony  is  triturated  or  accurately  mixed  with  tate  will  ensue,  and  will  subside  if  allowed 

two  parts  of  coirosive  sublimate,  and  exposed  to  stand  a  few  days.     One  part  of  lead  may 

to  distilUition,  the  chlorine  combines  with  thus  be  separated  from  15,263  parts  of  mer* 

the  antimony,  and  rises  in  the  form  of  the  cury.     Bismuth  is  detected  by  pouring  a 

compound  called  butter  of  antimony ;  while  nitric  solution,  prepared  without  heat,  into 

the  sulphur  combines  with  the  mercury,  and  distilled  water ;  a  white  preripitate  will  apo 

forms  cinnabar.     If  antimony  be  used  in-  pear  if  this  metal  be  present     Tin  is  mani^ 

stead  of  the  sulpburet,  the  residue  which  fested,  in  Uke  manner,  by  a  weak  solution  of 

rises  last  consists  of  running  mercury  instead  .  nitro-muriate  of  gold,  which  throws  down  a 

of  dnnabar.  purple  sediment ;  and  sine,  by  exposing  the 

Mercury,  bdng  habitually  fluid,  very  rea^  metal  to  heat, 

daly  oombioes  with  most  of  the  metals^  to  The  6/aci  ezide  is  rarely  adulterated,  as  it 

which  it  communicates  more  or  less  of  its  would  be  difficult  to  find  a  substance  wdl 

fusibility.     When  these   metallic    mixtures  suited  to  this  purpose.     If  well  prepared,  it 

contain  a  sufficient  quantity  of  mercury  to  may  be  totally  volatilised  by  heat 

lender  them  soflat  a  mean  temperature,  they  The  red  omUe  of  mercury  by  nUric  add  is 

are  called  amalgams.  very  liable  to  adulteration  with  red  lead.    It 

It  very  readily  combines  with  gold,  silver,  should  be  totally  volatilised  by  heat 

lead,  tin,  bismuth,  and  sine ;  more  difficultly  Bed  $ulpkurei  of  mercury  is  frequently 

with  copper,  arsenic,  and  antimony ;   and  adulterated  with  red  lead ;  which  may  be 

scarcely  at  all  with  platina  or  iron :  it  does  detected  by  heat 

Bot  unite  with  nickel,  manganese^  or  cobalt;  Corratioe  muriate  of  mercury.  If  there 
and  its  action  on  tungsten  and  molybdena  be  any  reason  to  suspect  arsenic  in  this  sal^ 
ie  not  known.  Looking-glasses  are  covered  the  fraud  may  be  discovered  as  follows : 
im  the  back  snrfitfe  with  an  amalgam  of  tin.  Dissolve  a  smiall  quantity  of  the  sublimate 
See  S1LVSBIN&  in  distilled  %r8ter ;  add  a  solution  of  car- 
Some  of  the  uses  of  mercury  have  already  bonate  of  ammonia  till  the  precipitatioD 
been  mentioned  in  the  present  article.  Hie  ceases,  and  filter  the  solution.  If,  on  the 
amalgamalioo  of  the  precious  metals,  water-  addition  of  a  few  drops  of  ammoniated  cop- 
l^lding,  the  making  of  vermilion,  (he  silver-  per  to  this  solution,  a  precipitate  of  a  yel« 
tng  of  looking-giasses,  the  making  of  baro-  lowisb-green  colour  be  produced,  the  aubli- 
melers  and  tfaennometers,  and  the  prepara-  mate  contains  arsenic. 

^a  of  several  powerful  medidnes,  are  the  Submuriate  of  mercury,  or  calomel,  should 

principal  uses  to  which  this  metal  is  applied,  be  completely  saturated  with  mercury.    This 

Scarcely  any  substance  is  so  liable  to  adul-  may  be  ascertained  by  boiling,  for  a  few  mi- 

t^nitiofn  as  onercury,  owing  to  the  property  nutes,  one  part  of  calomel  with  a  thirty-second 

which  -it  possesses  of  dissolving  completely  part  of  muriate  of  ammonia  in  ten  parts  of 

aome  of  the  baser  asetals.     Tliis  union  is  so  distilled  water.     When  carbonate  of  potash 

strong,  that  they  even  rise  along  with  the  Is  added  to  the  fikered  sohition,  no  predpi- 

qnicksilver  when  distilled.     The  impniity  of  tation  will  ensue^  if  the  calomel  be  pure* 

mercury  is  generally  indicated  by  its  dull  This  preparation,  when  rubbed  in  an  earthen 

aspect ;  by  its  tarnishing,  and  becoming  co-  mortar  with  pure  ammosua,  should  become 

"vcved  with  a  coat  of  oxide,  on  long  eai-  intensely  Mack,  and  should  exhibit  nothing 

posure  to  the  air ;  by  its  adhesion  to  the  of  an  orange  hue. 

surface  of  glass;    and,  when  shaken  with  MESOLYTE.     Needle-stone, 

water  in  a  bottle,  by  the  speedy  formation  MESOTYPE.     Prisnwtic  leolite.    This 

of  a  black  powder.     Lead  and  tin  are  fre-  spedes  of  the  genus  seolite  is  dirided  by 

qucnt  impurities,  and  the  mercury  becomes  Professor  Jameson  into  three  sub-spedes,— 

capable  of  taking  up  more  of  these,  if  zinc  the  fibrous  seolite^  natrolite,  and  mealy  seo- 

or  bismuth  be  previously  added.     In  order  lite ;  which  see. 

to  discover  lead,  the  mercury  may  be  agi-  METALS.      The  most  numerous  dass 

tated  with  a  little  water,  in  order  to  oxidize  of  undecompounded  chemical  bodies,  dis- 

tliat  metal.     Pour  off  the  water,  and  digest  tinguished  by  the  following  general  cha^ 

the  mercury  with  a  little  acetic  acid.     This  racters :— . 

will  dissolve  the  oxide  of  lead,  which  will  be  1.  Hiey  possess  a  peculiar  lustre,  which 

indicated  by  a  blackish  predpttate  with  sul-  continues  in  the  streak,  and  in  their  smallest 

phuretted  water.     Or,  to  this  acetic  solution  fragments. 

add  a  little  sulphate  of  soda,  which  will  pre-  2.  They  are  fusible  by  heat ;  and  in  fu- 

cipitate  a  sulphate  of  lead,  containing,  when  sion  retain  their  lustre  and  opadty. 
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3b  Tbey  are  all,  except  seleniain,  excel- 
lent conductors  both  of  electricity  and  ca- 
loric 

4.  Many  of  them  may  be  extended  under 
the  hammer,  and  are  adled  malleable;  or 
under  the  rolling  press,  and  are  called  la- 
minable ;  or  drawn  into  wire,  and  are  called 
ductile.  This  capability  of  extension  de- 
pends, in  some  measure,  on  a  tenacity  pecu- 
liar to  the  metals,  and  which  exists  in  the 
different  species  with  very  diflferent  degrees 
of  force.     See  Cohesion. 

5.  When  their  saline  combinations  are 
electrized,  the  metals  separate  at  the  resino- 
electric  or  negative  pole. 

6.  When  exposed  to  the  action  of  oxygen, 
chlorine,  or  iodine,  at  an  elevated  tempera- 
ture, they  generally  take  fire^  and,  combining 
with  one  or  other  of  these  three  elementary 
dissolvents  in  definite  proportions,  are  con- 
verted into  earthy  or  saline  looking  bodies, 
devoid  of  metallic  lustre  and  ductility,  called 
oxides,  chlorides,  or  iodides. 

'  7.  Tliey  are  capable  of  combining  in  dieir 
melted  state  vrith  each  other,  in  almost  every 
proportion,  constituting  the  important  order 
of  metallic  alloys ;  in  which  the  characterise 
tic  lustre  and  tenacity  are  preserved.  See 
Alloy. 

8.  From  this  brilliancy  and  opacity  con- 
jointly, they  reflect  the  greater  part  of  the 
light  which  fidls  on  their  surface^  and  hence 
form  excellent  mirrors. 

9.  Most  of  them  combine  in  definite  pro- 
portions with  sulphur  and  phosphorus,  form* 
ing  bodies  fi«quently  of  a  semi-metallic  as- 
pect ;  and  others  unite  with  hydrogen,  car- 
bon, and  boron,  giving  rise  to  peculiar  gaseous 
or  solid  compounds. 

10.  Many  of  the  metals  are  capable  of  as- 
suming, by  particular  management,  crystal- 
line forms;  which  are,  for  the  most  part* 
either  cubes  or  octohedrons. 

Hie  relations  of  the  metals  to  the  various 
objects  of  chemistry  are  so  complex  and  di- 
versified, as -to  render  their  classification  a 
task  of  peculiar  difficulty.  I  have  not  seen 
any  arrangement  to  which  important  objec- 
tions may  not  be  offered ;  nor  do  I  hope  to 


present  one  which  shall  be  exempt  from  eiiti- 
cism.  Tlie  main  purposes  of  a  methodic^ 
diatribution  are  to  facilitate  the  aoquirementf 
retention,  and  application  of  knowledge. 
With  i«gard  to  metals  in  general,  I  coooeive 
these  purposes  may  be  to  a  oonaderable  ex* 
tent  attained,  by  beginning  with  those  wfaicb 
are  most  eminently  endowed  with  the  chaxac- 
ters  of  the  genus  which  most  distinctly  poa- 
sesB  the  properties  that  constitute  their  value 
in  common  life,  and  which  caused  the  earlj 
inhabitants  of  the  earth  to  pve  to  the  first 
metallurgists  a  place  in  mythology.  Happy 
had  their  idolatry  been  always  confined  to 
such  real  benefactors ! 

Inventas  aut  qui  vitam  excoluere  per  artes, 
Quique  sui  memoresy  alios  fecere  merendo. 

By  arranging  metals  according  to  the  d^ 
gree  in  which  they  possess  the  obvious  quali- 
ties of  unalterabiUty  by  conunon  agents,  te» 
nacity,  and  lustra  we  also  conciliate  their 
most  important  chemical  relations,  namdyt 
those  to  oxygen,  chlorine,  and  iodine;  since 
their  metallic  pre-eminence  is,  popular^ 
speaking,  inversely  as  their  affinities  for  these 
dissolvents.  In  a  strictly  sdentifie  view,  their 
habitudes  with  oxygen  should  perhaps  be  leas 
regarded  in  their  classification  than  with  chlo- 
rine, for  this  element  has  the  moat  energetic 
attraction  for  the  metals.  But,  on  the  other 
hand,  oxygen,  which  fianns  one-fifth  of  the 
atmospheric  volume,  uid  eight-ninths  of  the 
aqueous  mass,  operates  to  a  much  greater  ex- 
tent among  metallic  bodies,  and  incessantlj 
modifies  thdr  form,  both  in  nature  and  art. 
Now  the  order  we  propose  to  follow  will  in- 
dicate very  nearly  their  relations  to  oxygeik 
As  we  progressively  descend,  the  influence  of 
that  beautiful  element  progressively  increases 
Among  the  bodies  near  the  head,  its  poweia 
are  subjugated  by  the  metallic  constitution; 
but  among  those  near  the  bottom,  it  excrdsea 
an  almost  despotic  sway,  whidi  Volte's  m»> 
gical  pile,  directed  by  the  genius  of  Davy, 
can  only  suspend  for  a  season.  The  eman- 
cipated metal  soon  relapses  under  the  domi* 
nion  of  oxygen. 
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General  TiAU  of  the  Metals. 


MAME& 

Sp-gr. 

Pndpltants. 

Colour  of  Preeipitatei  by                                 | 

Ferroprusriate 
ofpotaab. 

Infusion  of  galb. 

Hvdroflul. 
pburetSb 

Sulphuretted 
hydrogen. 

1  Platinum 

2L47 

0 

0 

Black  met.  powd. 

2  Gold 

laao 

CSulph.  iron 
iNttr.  mercury 
Common  ialt 

YeIlowidi.white 

Green;  met. 

YeUow 

Yellow 

SSQyer 

ia45 

White 

YeL4Mrown 

Black 

Black 

4  FftUadimn 

11.8 

Pnu.  mercury 

Deep  orange 

Blackish-brown 

BLsdubrown 

5  Mercury 

13l6 

CCammonMOt 
i  Heat 

White  naanng 

to  reOow 
Ked.brown 

OF8nge>  yellow 

Brownlsh-black 

Black 

6  Copper 

&9 

iron 

Biwwn 

Black 

Da 

7  lion 

7.7 

CSuocIn.  toda 
Iwith  perox« 

Blue,    or  white 

Protox.  0 

Black 

0 

paaalog  to  blue 

Ferox.  black 

8Tln 

7.29 

Cor.  aublim. 

White 

0 

(Protox.  black 
I  Perox.  yellow 
Black 

Brown 

9Lead 

11^ 

Sulph.  ioda 

Da 

White 

Black 

10  Nickel 

a4 

Sulpb.  potash? 

Da 

Oxey-white 

Da 

0 

11  Cadmium 

&6 

Zinc 

Do. 

0 

Orange-yellow 

Orange.yeUow 
Yellowish.white 

U  Zinc 

6L9 

A  Ik.  carbonatet 

Do. 

0 

White 

JS  Blrauth 

9i8i 

Water 

Da 

Yellow 

Black-brown 

14  Antimony 

&70 

/Water 
t  Zinc 

With  dilute  ao^ 
lutlonf  white 

White  fhmi 
water 

Orange 

Orange 

16  MannneM 
16  Cobalt 

a 

Tartr.pot. 

White 

0 

White 

MUktaMsa 

8.6 

Alk.  cartxmates 

Brown-yellow 

Yellow.white 

Black 

0 

17  Tellurium 

6.115 

/Water 

0 

YeUow 

T^f^|^t,i| 

18  Anenic 

C8.35? 
I  5.76? 

Nitr.lcKl 

WUte 

Ydtow 

Yellow 

19  Ctaromiom 

•^5.90 

Do. 

Green 

Brown 

Green 

80  MolytxiBn. 

&6 

Da? 

Brown 

Deep  brown 

Brown 

SI  lungiten 

17.4 

DUute  acids 

fiS  Columbium 

5.6? 

Zinc  or  in£  galls 

OliTe 

Orange 

Chocolate 

X3  Selenium 

4^3? 

f  Iron 

t  Sulphite  amm. 

. 

£4  Otmium 

? 

Mercury 

* 

(  Purple  passing 
\  todeq>blue 

- 

25  Rhodium 

10.65 

Zinc? 

0 

0 

S6  Iridium 

18.68 

Do.? 

0 

0 

87  Uranium 

9.0 

Ferrop.  pok 

Brown-red 

Chocolate 

Brown-yellow 

0 

28  Titanium 

? 

Inf.galla 
OxaLamm. 

Graas-green 

Ked-brown 

Graas-green 

0 

89  Cerium 

? 

Milk-white 

0 

White 

0 

90  Potasiium 

a865 

(  Mur.  plat. 
\l>urt.acid 

p 

0 

0 

0 

31  Sodium 

0.972 

St  Lithium 

33  CaMum 

S4  Barium 

35  Strontium 

9i)  Magncdum 

SJ  Yttrium 

38  Glucinum 

39  Aluminum 

40  Zirconium 

* 

41  Sttlicium 

48  Thorinum 

The  first  12  are  malleable,  and  so  are  the 
dOth,  31st,  and  32d  io  their  congealed  state. 

The  first  16  yield  oxides,  which  are  neii^ 
tral  salifiable  bsaes* 

The  metaU  17,  18^  19,  20,  21,  22,  and  23, 
are  addifiable  by  combination  with  oxygen. 
Of  the  oxides  of  the  rest,  up  to  the  30th,  lit- 
tle is  known.  Tlie  remaining  metals  form, 
with  oxygen,  the  alkaline  and  earthy  bases. 

The  order  of  their  aflSnity  for  oxygen,  as 
far  as  it  has  been  ascertained,  is  stated  in  the 
table  of  Elective  AxxAAcnoN  of  oxygen  and 
the  metals. 

We  shall  now  give  an  example  of  the  me- 
thod of  analyzing  a  metallic  alloy  of  silver, 
copper,  lead,  bismuth,  and  tin. 

Let  it  be  dissolved,  with  the  aid  of  beat, 
in  an  excess  of  nitric  acid,  sp.  gr.  1 .23.  Eva- 
porate the  solution  almost  to  dryness,  and 
pour  water  on  the  residuum.     We  shall  thus 


obtain  a  solution  of  the  nitrates  of  silver, 
copper,  and  lead,  while  the  oxides  of  tin  and 
bismuth  will  be  left  at  the  bottom.  By  ex- 
posing the  latter  mixture  to  the  action  of  ni- 
tric acid,  the  oxide  of  bismuth  will  be  sepa- 
rated from  that  of  tin.  To  determine  the  pro- 
portions of  the  other  metals,  we  pour  first  into 
the  hot  and  pretty  dilute  solution,  muriatic 
add,  which  wUl  throw  down  the  silver.  After 
filtration,  we  add  sulphate  of  soda,  to  separate 
the  lead ;  and  finally,  carbonate  of  potash  to 
precipitate  the  zinc.  The  quantity  of  each 
metal  may  now  be  deduced  from  the  weight 
of  each  precipitate,  according  to  its  specific 
nature,  agreeably  to  the  principles  of  compo- 
sition given  under  the  individual  metals.  See 
Ores  (Analysis  of). 

METEOROLITES,  oa  METEORIC 
STONES,  are  peculiar  solid  compounds  of 
earthy  and  metallic  matten,  of  singular 
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pect  and  compositioo,  which  occaaioiiaUy 
deioend  from  the  atmosphere,  luiially  liom 
the  boiom  of  a  lumsoous  meteor.  This  phe- 
nomenon alTords  an  initnicUre  example  of 
the  triumph  of  human  testimony  orer  philo- 
sophical scepticism.  The  chronicles  of  al- 
most every  a|^  had  recorded  the  fall  of  pon- 
derous stony  or  earthy  masses  from  the  air ; 
but  the  evidence  bad  been  rejected  by  histo- 
rians, because  the  phenomenon  was  not 
within  the  range  of  their  pkUotophy,  At 
length  the  sober  and  solid  researches  of  phy- 
sical science  put  to  shame  the  incredulity  of 
the  metaphysical  school. 

M.  Abel  Remusat  shows,  in  his  transla- 
tion recently  made  of  the  work  of  Ma-  Touan- 
Lint  *  Chinese  author  of  the  ISth  century, 
that  the  Chinese  and  Japanese  noted  with 
much  precision  every  thing  connected  with 
the  appearance  of  these  lingular  phenomena. 
They  remarked,  that  the  stones  fell  some- 
times in  perfectly  serene  weather :  they  com- 
pared the  explosions  which  took  place  to 
thunder,  to  the  ncnse  of  a  tumbling  wall,  to 
the  bellowing  of  an  ox.  The  hissing  which 
accompanies  tlieir  fall  was  likened  to  the 
sounding  of  the  wings  of  birds  of  prey,  or  of 
cloth  torn  asunder.  According  to  them,  the 
stones  are  always  burning  hot  at  the  moment 
when  they  reach  the  ground  ;  their  outward 
surface  is  black ;  some  of  them  ring  when 
struck,  like  metallic  bodies.  The  name 
which  they  give  them  means,  falting  stars 
changed  into  ttonet* 

The  Chinese  believed  that  the  appearances 
of  aerolites  were  connected  with  contempo- 
rary events ;  for  which  reason  they  formed 
catalogues  of  them  !  We  have  litUe  reason 
to  laugh  at  this  Oriental  prejudice.  Were 
the  philo»opher§  of  Europe  wiser,  when,  re- 
sisting the  evidence  of  facts,  they  affirmed 
that  the  falls  of  stones  from  the  atmosphere 
were  impossible  f  The  Academy  of  Sciences 
declared  in  1769,  that  a  stone  picked  up  at 
the  instant  of  its  fall,  near  Luci^  by  several 
persons,  wAo  had  followed  its  descent  with  their 
'  eyes  to  the  spot  where  it  stmck  the  ground, 
did  not  fall  from  the  sky.  Finally,  the  pro- 
ch-9erbal  of  the  municipality  of  lAigrange  de 
JuHaCt  affirming,  that  on  the  30th  Aug. 
1790,  there  fell  in  the  fields,  on  the  roofs  of 
houses,  in  the  streets  of  the  village,  a  great 
4]iiantity  of  stones,  was  treated  in  the  journals 
<^  the  time  as  a  ridteutous  tale,  made  to  ejt&te 
the  RTY  not  only  of  men  of  learnings  but  of 
all  rational  beings,  **  ftiilosophers,"  says 
Chladni,  **  who  will  not  adroit  facts  which 
tiiey  cannot  explain,  injure  the  advancement 
of  science  as  mudi  as  those  to  whom  too 
great  credulity  may  be  reproached.** 

"  While  all  Europe,'*  says  the  celebrated 
Vauquelin,  **  resounded  with  the  rumour  of 
stones  fallen  iVom  the  heavens ;  and  while 
philosophers,  dtstracted  in  opinion,  were 
Anaming  hypotheaea  to  explain  their  origin, 


each  according  to  liia  own  laocy,  the  Hon. 
Mr  Howard,  an  able  English  chemiat,  was 
pursuing  in  silence  the  only  route  which 
could  lead  to  a  solution  o£  the  proUem.  Me 
collected  specimens  of  stones  which  had 
fallen  at  different  times,  procured  as  modi 
information  as  possible  respecting  Uiiiu, 
compared  the  phyacal  or  exterior  characien 
of  these  bodies ;  and  even  did  more,  in  sub- 
jecting them  to  chemical  analysis^  by  mfnt 
as  ingenious  as  exacL 

**  It  results  from  his  researches,  that  tlic 
stones  which  fell  in  England,  in  Italy,  n 
Germany,  in  the  East  Indies,  and  in  other 
placesi,  have  all  such  a  perfect  resemblance^ 
that  it  is  almost  impossible  to  disbnguiab 
them  irom  each  other ;  and  what  renders  the 
similitude  more  perfect  and  more  striking  is, 
that  they  are  composed  of  the  same  princip* 
pies,  and  nearly  in  the  same  proportions.** 

I  have  given  this  just  and  handsome  tri- 
bute to  English  genius  in  the  fcnrm  of  a  quo- 
tation from  the  French  chemist ;  by  appro- 
priating the  language  to  one*s  self,  as  haa 
been  practised  in  a  recent  com|Hladon,  the 
force  of  the  ctmipliment  is  in  a  great  men- 
sure  done  away. 

**  I  sliould  have  abstained,'*  continues  M. 
Vauquelin,  **  from  any  public  notice  of  an 
object,  which  has  been  treated  of  in  so  able 
a  manner  by  the  English  chemist,  if  he  him- 
self had  not  induced  me  to  do  so,  during  hia 
residence  in  Paris ;  had  not  the  stones  whicfa 
I  analyzed  been  frmn  another  country ;  and 
had  not  the  interest  excited  by  the  subject 
rendered  this  repetition  excusable. 

"  It  is  therefore  to  gratify  Mr  Howard  ; 
to  give,  if  possible,  more  weight  to  his  expe- 
riments ;  and  to  ouible  philosophers  to  place 
full  confidence  in  them,  rather  than  to  offer 
any  thing  new,  that  I  publish  this  memoir." 
Journal  det  Mines,  No.  76;  and  TiUock's 
Mag.  vol.  XV.  p.  346. 

It  is  remarkable,  that  all  the  stones,  at 
whatever  period,  or  in  whatever  part  of  the 
world  they  may  have  fallen,  have  appeared, 
as  60"  as  they  have  been  examined,  to  con- 
siat  of  the  same  substances ;  and  to  have  no- 
thing similar  to  them,  not  only  among  the 
minerals  in  the  neighbourhood  of  the  places 
where  they  were  found,  but  among  all  that 
have  hitherto  been  discovered  in  our  earth, 
as  fiir  as  men  have  been  able  to  penetrate. 
For  the  chemical  analysis  of  a  considend»ie 
number  of  specimens,  we  are  particularly 
indebted  to  Mr  Howard,  as  wdl  as  to  Klap- 
roth  and  Vauquelin ;  and  a  predae  minendo- 
gical  description  of  tliem  has  been  ^ven  by 
the  Count  de  Boumon  and  others. 

They  are  all  covered  with  a  thin  crust  of 
a  deep  black  colour,  they  are  without  gloas, 
and  their  surface  is  roughened  with  small 
asperities.  Internally  they  are  greyish,  and 
of  a  granulated  texture,  more  €nr  less  finob 
Four  different  substances   are  intersperaed 
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among  their  tezture^  eaaiy  distinguMMd  bj 
a  lensk  The  mott  abundant  is  ftom  the  ne 
of  a  pia'a  bead  to  that  of  a  pea,  opaque,  with 
a  little  lustre  like  that  of  enamd,  of  a  grey 
colour  sometimes  inclined  to  brown,  and  bard 
enough  to  give  faint  sparks  with  sted.  Ano- 
ther is  a  martial  pyrites,  of  a  reddish*yeUow 
colour,  Mack  when  powdered,  not  very  firm 
in  its  texture,  and  not  attractible  by  the  mag- 
net. A  third  consists  of  small  particles  of 
iron  in  a  perfectly  metallic  state,  which  give 
to  the  mass  the  quality  of  being  attracted  by 
the  magnet,  though  in  some  specimens  they 
do  not  exceed  two  per  cent  of  the  whole 
weight,  while  in  oUiers  they  extend  to  a 
fourth;  These  are  connected  together  by  a 
fourth,  of  an  earthy  consistence  in  most,  so 
that  they  may  be  broken  to  pieces  by  the 
fingers  with  more  or  less  difficulty.  Hie 
black  crust  is  hard  enough  to  emit  spaiks 
with  steel,  but  may  be  broken  by  a  stroke 
with  a  hammer,  and  appears  to  possess  the 
properties  of  the  very  attracdble  black  oxide 
of  iron.  Their  specific  gravity  Taries  from 
a352  to  4.281. 

Hie  crust  appears  to  contain  nickel  united 
with  iron,  but  Mr  Hatchett  could  not  deter- 
mine its  proportion.  The  pyrites  he  esti- 
mates at  iron  .68,  sulphur  .13,  nickel  .06, 
extraneous  earthy  matter  .13.  In  the  me- 
tallic particles  disseminated  through  the  mass, 
tiie  nickel  was  in  the  proportion  of  one  part, 
or  thereabout,  to  three  of  iron.  The  bard 
separate  bodies  gave  silex  .50,  magnesia  .  15, 
oxide  of  iron  .34s  oxide  of  nickel  .025;  and 
the  cement,  or  matrix,  silex  .48,  magneaa 
.18^  oxide  of  iron  .34^  oxide  of  nickel  .025. 
The  increase  of  weight  in  both  these  arose 
from  the  higher  oxidation  of  the  iron.  These 
proportions  are  taken  from  the  stones  tfiat 
fell  at  Benares,  on  the  19th  of  December 
179a 

M.  G.  Rose  of  Berlin  has  succeeded  in 
separating  crystals  of  pjrroxene  from  a  large 
specimen  of  the  aerolite  of  Juveoas,  and  has 
measured  the  angles  with  the  reflective  go- 
niometer :  one  of  the  crystals  is  of  the  octo- 
hedral  variety,  represented  in  the  109th 
figure  of  Haiiy's  Mineralogy.  Hie  same 
rocky  Ussue  contains  microscope  hemitrope 
crystals,  which  appear  to  be  felspar,  with  a 
bMe  of  soda,  i.e.  albite.  In  the  aerolite  of 
Pallas,  the  olivine  is  perfecdy  crystallized. 

The  solitary  masses  of  native  iron  that 
have  been  found  in  Siberia,  Bohemia,  Sene- 
gal, and  South  America,  likewise  agree  in 
the  circumstance  of  being  an  alloy  of  iron 
and  nickel ;  and  are  either  of  a  cellular  tex- 
ture, or  have  earthy  matter  disseminated 
among  the  metal.  Hence,  a  similar  origin 
has  been  ascribed  to  them. 

Laugier,  and  afterward  Thenard,  found 
clnrcKne  likewise,  in  the  proportion  of  about 
one  per  cent,  in  diffbvnt  meteoric  stones 
they  examined. 


In  all  the  instances  in  which  tbase  stones 
have  been  supposed  to  fall  from  the  doods, 
and  of  which  any  perfect  account  has  been 
given,  the  appearance  of  a  luminous  meteor, 
exploding  with  load  noise,  has  immediately 
preceded,  and  hence  has  been  looked  lo  as 
the  cause.  The  stones  likewise  have  been 
more  or  less  hot,  when  fbund  immediately 
after  their  supposed  fall.  Difierent  opinions, 
however,  have  been  entertaine<l  on  this  sub- 
ject, which  is  certainly  involved  in  much 
difficulty.  Some  have  supposed  them  to  be 
merely  projected  from  volcanoes;  while 
others  have  suggested,  that  they  might  be 
thrown  from  the  moon  ;  or  be  bodies  wan- 
dering through  space,  and  at  length  brought 
within  the  sphere  of  attraction  of  our  pla- 
net 

Various  lists  of  the  periods,  places,  and  ap- 
pearances of  these  showers  of  stony  and  earthy 
matters,  have  been  given  from  time  to  time 
in  the  scientific  journals.  The  latest  and 
most  complete  is  that  published  in  the  1st 
vol.  of  the  Ed.  PhiL  Joum.  compiled  partly 
from  a  printed  Kst  by  ChUdni,  and  partly 
from  a  manuscript  one  of  Mr  Alhin,  read 
some  years  ago  at  the  Royal  Society  of  Edin- 
burgh. It  appears  that  Domenico  Troili,  a 
Jesuit,  published  at  Modena,  in  1766,  a  work 
entitled,  DeUa  Caduta  di  un  Snuo  dall  Aria, 
ragionamenUh  in  which  the  ingenious  author 
proves,  in  the  clearest  manner,  both  from 
ancient  and  modem  history,  that  stones  had 
repeatedly  fallen  from  the  heavens,  litis 
curious  dissertation  (ragionamento)  is  in  the 
possession  of  Mr  Allan.  Hie  compiler  of 
the  new  list  justly  observes,  that  nothing 
can  show  more  strikingly  the  universality  and 
obstinacy  of  that  scepticism  which  discredits 
every  thing  that  it  cannot  understand,  than 
the  circumstance  that  his  wortc  should  have 
produced  so  little  effect,  and  that  the  nume- 
rous falls  of  meteoric  stones  should  have  so 
long  been  ranked  among  the  inventions  of 
ignorant  credulity. 

Mr  Howard's  admirable  dissertation  was 
published  in  the  Phil.  Trans,  for  1602.  It 
is  reprinted  in  the  13th  vol.  of  Tillodi's 
Magazine,  and  ought  to  be  studied  as  a  pat- 
tern of  scientific  research.  The  following 
Table  is  copied  from  the  31st  vol.  of  the 
Ann.  de  Cbimie.— 

Chronological  List  of  Meteobic  Stonbl 

Sect.  l.-^Brfitre  the  Christian  Bnt, 

Divimn  I.— Containing  those  which  can  be 
referred  pretty  nearly  to  a  date. 

A.  C. 

1478.  The  thundersfeone  in  Crete,  mentioned 
by  Malchus,  and  regarded  probably  as  the 
symbol  of  CyMs.—Chroniete  of  Paros, 
1.  18, 19. 

1451.     Shower  of  stones  which  destroyed 
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the  eDemies  of  Joshua  at  BeCb-horan— >was 

probably  hail.— \7<>tAi«i»  diap.  x.  1 1. 
1200.     Stones  preseired  at  Orchomenos.— 

Pauuiniiu, 
1168.     A  mass  of  iron  upon  Mount  Ida  in 

Crete. — Chronicle  of  Paroi,  L  22. 
705  or  704w     Hie  Jncyle  or  sacred  shield, 

which  fell  in  the  reign  of  Nunuu     It  had 

nearly  the  same  shape  as  those  which  fell 

at  the  Cape  and  at  Agram.— P/titorcA,  en 

Num. 
654).    Stones  which  fell  upon  Mount  Alba  in  • 

the  reign  of  Tullus  Hostilius. — «  Crebri 

ceadert  aelo  lapidet,**'^Liv,  L  30. 
644i.    Five  stones  whidi  fell  in  China,  in  the 

country  of  Song.— Z>«  Guignes. 
465.    A  large  stone  at  .SgospoUmos,  which 

Anazagoras  supposed  to  come  from  the 

sun.     It  was  as  large  as  a  cart,  and  of  a 

burnt  colour.—-"  Qui  lapis  etiam  nunc 

ottenditur,  magnitudine  vekis,  colore  adiM- 

to,** — Plutarch,  Plbu  lib.  iL  cap.  58. 
465.     A  stone  near  Hiebes.— iScAotost  of 

Pindar, 
21 1.    Stones  fell  in  China  along  with  a  fall- 

ing  star.— 2>tf  Gwgnett  &c. 
205  or  ^06.     Fiery  stones. — Pluiarch^  Fab, 

Max.  cap.  2. 
192.     Stone  fell  in  China.^Z>0  Guignet. 
176.     A  stone  fell  in  the  Lake  of  Man. — 

**  Lapidem  in  Jtgro  Crustumino  in  Lacum 

Mar  Hi  de  calo  cecidiite.**~~Lio.  zli.  3. 
90  or  89.    *'  Eodem  causam  dicente,  lateribus 

coctis  jfluisset   in  ^ut  anni  acta  relalum 

eur^Plin.  Nat.  Hut.  lib.  ii.  cap.  56. 
89.    Two  large  stones  fell  at  Yong  in  China. 

The  sound  was  heard  over  40  leagues.^ 

De  Guignet, 
56  or  52.     Spongy  iron  fell  in  Lucania.-* 

PUn, 
46.     Scones  fell  at  Adlla.— C«tar. 
38.    Six  stones  fell  in  Leang  in  China.— De 

Guignet. 
29.     Four  stones  fell  at  Po  in  China.— He 

Guignet. 
22.    Eight  stones  fell  from  heaven,  in  China. 

— Z>e  Guignes. 
12.      A  stone    fell    at    Ton-Kouan.— De 

Guignei. 
9.    Two  stones  fell  in  China.— De  Guignet, 
6.     Sixteen  stones  fell  in  Ning-Tcheon,  and 

other  two  in  the  same  year. — De  Gvigtus. 

Diifiiion  II.— Containing  those  of  which  the 
date  cannot  be  determined. 

The  Mother  of  the  Gods,  whidi  fell  at  Pes- 
sinus. 

The  stone  preserved  at  Abydo8.^P/in. 

Tlie  stone  preserved  at  Caraandria.— P/m. 

The  Black  stone,  and  also  anotlier  preserved 
in  the  Caaba  of  Mecca. 

The  "  Hiunderfoolt,  black  in  appearance  like 
a  hard  rock,  brilliant  and  sparkling,**  of 
which  the  blacksmith  forged  the  sword  of 
Antar.     See   Quarterly  Review,  vol.  xxt 


p.  225.  and  Aniar^  translated  by  T.  Ha- 
milton, Esq.  p.  152. 
The  stone  preserved  in  the  Coronatiott  Choir 
of  the  Kings  of  England  was  not  metaoiie. 

Sect,  2. — AfUr  the  Chriatian  Era. 
P.  C. 
In  the  years,  2,   106,  154^  310,  and  333; 

stones    fell    in   China.— ^&e/  Bemutaii 

Ji»um.de  IHiysique,  MayJ819. 
A  stone  in  the  country  of  the  VocontuiL'** 

PUn, 
452.     Three  large  stones  fdl  in  Thiace.— 

Cedrenueand  MarcelUni,  Chronieon.  p.  89« 

— *'  Hoc  tett^forey**  says  Maroellinus,  **  tret 

magni    lapidee  e  cmlo  in  T^rada  ceeide~ 

runt,** 
Sixth  Century,      Stones  fell  upon   Mount 

Lebanon,   and   near  Emisa  in   Syria.-* 

Damaschts. 
About  570.    Stones  near  Bender  in  Arabia. 

-^Jlkorant  viiL  16.  and  cv.  3»  4i. 
648.     A  fiery  stone  at   Constantinople.— 

Several  Chroniclee, 
823.     A  E<hower  of  pebbles  in  Saxony. 
839.     Stones  fell  in  Japan.— ^M  EemumU 
852.     A  stone  fell  in  Tabaristan,  in  July  or 

August. — De  Sacy  and  Quatrtmere, 
856w     In  December,  five  stones  fdl  in  Egypt. 

The  same, 
885.     Stones  fell  in  Japan.— ^6e/  Bemu^ 

sat, 
897.     A  stone  fell  at  Ahmedabad. — Quatrv^ 

mere.     In  892,  according  to  the  Chron^ 

Syr, 
921.    Great  stones  fell  at  NamL — Benedietut 

de  Saint-Jndreaf  in  the  library  of  Prince 

Chigi  at  Rome. 
951.     A  stone  fell  near  Augsburg.— ^/i^. 

Stad,  and  others. 
998.     Two  stones  fell,  one  near  the  Elbe^ 

and  the  other  in  the  town  of  Magdeburg. 

^^Ofsmas  and  Spangenberg. 
1009.     A  mass  of  iron  fell  in  Djordjan.— > 

jfvicenna, 
1021.     Stones  fell   in  Africa  between  the 

24th  July  and  the  21st  of  August.— De 

Sacy, 
1112.     Stones  or  iron  fell  near  Aquileja.— 

Vahasor, 
1135  or  1136.     A  stone  fell  at  Oldislebca 

in  Thuringjuu^^pangenbergf  and  others. 
1 164.     During  Pentecost,  iron  fell  in  Mi^ 

nuu—Fabricius, 
1249.    Stones  fell  at  Quedlinbourg,  BaUen- 

stadt,  and  Blackenburg,  on  the  26th  July. 

'^Spangenberg  and  Eivander, 
Thirteenth  Century,     A  stone  fell  at  Wurs- 

h\xrg,^^8chottuSt  Phys,  Cur. 
Between    1251  and  136a     Stones  fell  at 

Welikoi-Ustig  in  Russia.— Ci/fterf*e  jtn-^ 

naL  tom.  xxxv. 
1280.     A  stone  fell  at  Alexandria  in  Egypt. 

— De  Sacy, 
1300  nearly.    Great  stones  fell  in  Aragon.— ^ 
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Manuieript  chromele  in  the  naHtmai  mu' 
teum  of  Put  m  Hungary, 

1304y  Oct.  1.  Stones  fell  at  Friedland  or 
fViedberg.— JTmiu  and  SjHtngenberg. 

1 305.  Stones  fell  in  the  country  of  the  Van- 
dals. 

1328^  Jan.  9.  In  Mortahiah  and  Dakhaliah. 
^Quatremere, 

136a  A  mass  of  iron  in  the  Duchy  of  Olden- 
burg.—£!»e6ni9Uif,  Meyer. 

1379,  May  26.  Stones  fell  at  Minden  in 
HanovCT.— >i>r6ectia. 

1421.  A  stone  fell  in  the  island  of  Java. — 
Sir  r.  ^>  Baffles, 

1438.  A  shower  of  spongy  stones  at  Roa, 
near  Burgos  in  Spain.^.^ial. 

—  A  stone  fell  near  Lucerne.— Cyvo/. 

1474w  Two  great  stones  fell  near  Viterbo.— 
Biblioteca  Italiana,  Sept.  1820. 

1491,  March  22.  A  stone  fell  near  Crema. — 
SUmoneia. 

1492,  Nov.  7.  A  stone  of  260  lb.  fell  at 
Ensisheim,  near  Sturgau  in  Alsace.  It  is 
now  in  the  library  of  Colmar,  and  has  been 
reduced  to  1501b.— TVicAemiia,  Hireaug. 
jSnnaL  Conrad  Getnert  Liber  de  Rerum 
FouiUum  Figuriiy  cap.  S.  p.  66.  in  his 
Operot  Zurich f  1565. 

1496,  Jan.  26.  or  2a  Three  stones  fell  be- 
tween Cesena  and  BertonorL— i^aricr/  and 

SaheUicut. 
1511,  Sept.  4.   Several  stones,  some  of  which 

weighed  1 1  lb.  and  others  8  lb.  fell  at  Cre- 

ma.— Giovanm  del  Frato,  and  others. 
1520,  May.     Stones  fell  in  Aragon. — Diego 

de  Sayat, 
1540,  April  2a     A  stone  fell  in  the  Limou- 

sin.— 'BoiMiK  de  SH  Amabk.  ? 
Between  1540  and  1550.     A  mass  of  iron 

fell  in  the  forest  of  Naunhoff.— -CAmniciiff 

nftke  Minet  of  Aiienia, 
— »-»  Iron  fell  in  Piedmont.— Afiprcod  and 

Scalier. 
1548,  Not.  6.     A  black  mass  fell  at  Mans- 

feld  in  Tburingia.— ifonav.  de  Si  Amahle, 
1552,  May  19.      Stones  fell  in  Thuringia 

near  Schlossingen.— S'/rav^ender^. 
1559.     Two  large  stones,  as  large  as  a.man*6 

head,  fell  at  Miscolz  in  Hungary,  which 

are  said  to  be  preserved  in  the  treasury  at 

Vienna.— Si(/iiuiy»/!. 
1561,  May  17.    A  stone  called  the  Art  Julia 

fell  at  Torgau  and  Eilenborg.— Gcr<fi^  and 

De  Boot. 

1580,  May  27.  Stones  fell  near  Gottingeo. 
•'^Bange. 

1581,  July  26.  A  stone,  39  lb.  weight,  fell 
in  Thuringia.  It  was  so  hot  that  no  per- 
son could  touch  it.— A'AAan^,  Oieariut. 

1583,  Jan.  9.     Stones  fell  at  CastrovilUri.  — 

Casto,  Mercati,  and  Imperati, 
— .—  Maroh  2.     A  stone  fell  in  Piedmont  of 

the  size  of  a  grenade. 
1591,  June  19-     Some  lai^  stones  fell  at 

Kunnersdorf.  -^Xucat. 


1596,  March  1.     Stones  fell  at  Crevalcore 

^MittarelU. 
In  the  Sixteenih  Century,  not  in  160a     A 

stone  fell  in  the  kingdom  of  Valencia.— 

Casiu*  and  the  Jesuits  of  Coimbra, 
1618,  August.     A  great  fall  of  stones  took 

place  in  Styria.— /Tarn m^r. 
-^—  A  metallic  masa  fell  in  Bohemia.-* 

Kronland, 

1621,  April  17.  A  mass  of  iron  fell  about 
100  miles  a  E.  of  Lahore.-* JeAan  Guir*s 
Memoirs. 

1622,  Jan.  10.  A  stone  fell  in  Devonshire, 
-—Rumph. 

1628,  April  9.  Stones  fell  near  Hatford  in 
Berkshire ;  one  of  them  weighed  241b.— 
Gent,  Mag.  Dec.  1796. 

1634,  Oct  27.  Stones  fell  in  Charollois.— 
Morinus, 

1635,  June  21.  A  stone  fell  at  Vago  in 
Italy.  ? 

—  July  7.  or  Sept  29.  A  stone,  weigh- 
ing about  1 1  OS.  fell  at  Calce.—  Falisnierif 
Opere,  vi.  64.  ? 

1636,  March  6,  A  bumt-looking  stone  fell 
bMween  Sagan  and  Dubrow  in  Silesia.- 
Lucas  and  Cluverius, 

1637,  Nov.  29.  Gassendi  says,  a  stone  of 
a  black  metallic  colour  fell  on  Mount  Vai- 
sion,  between  Guillaume  and  Peme  in  Pro- 
vence. It  weighed  54  lb.  and  had  the  size 
and  shape  of  the  human  heed.  Its  specific 
gravity  was  3.5.— GaMmdt,  Oyvra,  p.  9a 
Lyoius  16oa 

1642,  August  4i  A  stone  weighing  4  lb.  fell 
between  Woodbridge  and  Aldborough  in 
Suffolk.— Genr.  Mag.  Dec.  1796. 

1643,  or  1644.  Stones  fell  in  the  sea.— 
tVftrfbain.   ■ 

1647,  Feb.  la     A  stone  fell  near  Zwicau 

Schmid. 

•  August  Stones  fell  in  the  bailliage  of 
Stolzenem  in  Westphalia.— Gi/&er^*s  An-- 
nal. 

Between  1647  and  1654.  A  mass  fell  in  the 
sea.— I^t//man. 

1650,  August  6.  A  stone  fell  at  Dordrecht 
-^Senguerd. 

1654,  March  30.  Stones  fell  in  the  island 
of  FunetL"- BarthoHnus. 

A  large  stone  fell  at  Warsaw.— P^fr.  Borel- 
lus, 

A  small  stone  fell  at  Milan,  and  killed  a 
Franciscan. — Museum  Septaiianum. 

1668,  June  1 9  or  2 i.  Two  stones,  one  300 lb. 
and  the  other  2001b.  weight,  fell  near  Ve- 
rona.—Xc'ga^ij,  Conversations,  &c.  Pkris, 
1672.  Vaiisnieri,  Opere,  ii.  p.  64.  6a 
Montana n  and  Francisco  CarU,  who  pub- 
lished a  letter  containing  several  curious 
notices  respecting  the  fall  of  stones  from 
the  heavens. 

1671,  Feb.  27.  Stones  fell  in  Suabia.— <3i7- 
berCs  AnnaL  torn.  xixiiL 
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1674^  Oct  6w     Two  Inge  etones  fell 
Glaris.— 5(cAf«cAcfr. 

Betwven  1675  and  1677,  s  stooe  fell  into  « 
fi«hing-bo«t  near  CopinsiMW. — WaUaee*» 
jtceowU  of  Orkney,  and  Gent.  Mag.  July 
1806. 

1677,  May  28.  Several  ftonea,  which  pro- 
bably contained  copper,  fell  at  Ermundorf 
near  Rooaenhaven.— >Aftsc.iS^I.  Cur.  1677. 
App. 

1660,  May  18.  Sconea  fell  at  London. — 
JCing. 

1697,  Jan.  13.  Stones  fell  at  Pentolina  near 
Sienna.— So^nt  after  Gabrieli. 

1698»  May  19.  A  stone  feU  at  Waltring.  — 
Seheuchser. 

1706,  June  7.  A  stone  of  72  lb.  fell  at  La- 
riasa  in  Macedonia.  It  smelt  of  sulphur, 
and  was  like  the  scum  of  iron.— Pan/ X.MCM. 

1715,  April  11.  Stones  fell  not  fer  from 
Stargard  in  Pomerania.  jian»  de  Gilbert, 
IxxL  p.  215. 

1722,  June  5.  Stones  fell  near  SchefUar  in 
Freisingen.^-i/neAe^cit. 

1723,  June  22.  About  33  stones,  black  and 
metallic,  fell  near  Plescowits  in  Bohemia^ 
—Host  and  StejyUng, 

1727,  July  22.     Stones  fell  at  Liboichits  in 

Bohemia.— -JSre/i/ing. 
1738^  August  1&     Stones  fell  near  Carpen- 

tras.— CcutiiZon. 
1740,  Oct  25.     Stones  fell  at  Rasgrad.— 

GUbeH^i  AnnaU  tom.  1. 
— -^  to  1741.     A  large  stone  fell  in  winter 

in  Greenland.—- fgrde. 
1743.     Stones  feU  at  Liboschits  in  Bohemia. 

^SUpling,  ? 
175Q,  Oct  1.     A  large  stone  fell  at  Niort 

near  Coutance.— i/tuirt/  and  Lalande. 
1751 ,  May  26.    Two  masses  of  iron  of  71  lb. 

and  16  lb.  fell  in  the  dbtrict  of  Agram,  the 

capital  of  Croatia.    The  laigest  of  these  is 

now  in  Vienna. 
1753,  July  3.     Four  stones,  one  of  which 

weighed  131b.  fell  atStrkow  near  Tabor. 

—^StepUngt   **  De   Pluvia   LapideOf  onni 

1753,  ad  Strkow,  et  ^ut  catott,  meditatio,** 

p.  4.— Png.  1754. 
—  Sept     Two  stones,  one  of  20  lb.  and 

the  other  of  1 1  lb.  fell  near  the  villages  of 

Laponas  and  Fin  in  Berne.— X.alaiw£e  and 

Richard. 
175^  July.    A  stone  fell  in  Calabria,  at  Ter- 

ranuova,  which  weighed  7  lb.  7^  os.— -27o- 

mriu  Tata, 
1 766»  end  of  July.    A  stone  fell  at  Alboreto 

in  Modena.— TVoi/i. 
1766,  August  15.    A  stone  fell  at  Novellara. 

^TrailL? 
1768,  Sept  13.     A  stone  fell  near  Luce  in 

Maine.    It  was  analyzed  by  Lavoisier,  &c. 

— ilfem.  Jlead.  Par* 
«^—  A  stone  fell  at  Aire.— Af^m.  Jead.  Par, 
Nov.  20.    A  stone,  weighing  38  lb.  fell 

at  Mauerkirchen  in  Bavaria.— >/inA<2f* 


1773,  Nofv.  17.  A  stone,  weighing  91b.  1  OB. 

fdl  at  Sena  in  An^on.-~J^«iijt. 
1775»  Sept  19.     Sumes  fcU  near  Rodacb  in 

Cobouig.— Gt2&er«'«  jinnaL  torn.  xziiL 
—  or  1776.     Stones  fell  at  Obniten  in 

Volhynia. — Gilbert* t  AnnaL  tom.  zxxi. 
1776  or  1777,  Jan.  or  Feb.     Stones  feU  ncv 

Fabriano. — Soldani  and  JmarettL 

1779.  Two  stones,  weighing  3§  os.  CKfa, 
fell  at  Pettiswoode  in  IrduML— Bm^ih^, 
in  Gent,  Mag.  Sept  1796. 

1780,  April  1.  Stones  fell  near  Becsloa  in 
£ttgUiid.-»£oniuig  Post. 

About  1780.     Masses  of  iron  fell  in  tfie  tcr- 

ritory  of  Kinsdale,  between  West- River 

mountain    and    Connecticiit^QuaHi;r^ 

Beview,  No.  50.  April  1824u 
1782.     A  stone  fell  near  Tktrin.— 7a<a  and 

Amorrtti. 
1785,  Feb.  19.     Stones  fdl  at  Eicfastadt — 

Pickel  and  Stux. 
1787,  Oct  1.     Stones  fell  in  the  province  of 

Charkow  in  Russia. — Gilbert's  AnnaL  taau 

xxxL 

1790,  July  24^  A  great  shower  of  atones 
fell  at  Barbotan  near  Roquefort,  in  the 
yicinity  of  Bourdeaux.  A  mass,  15  inches 
in  diameter,  penetrsted  a  hut,  and  killed 
a  herdsman  and  a  bullock.  Sane  of  the 
stones  wei|^ied  251b.  and  others  301b.— 
lAtmet, 

1791,  May  17.  Stones  feD  at  Cassel-Bcr- 
ardenga,  in  Tuscany.— Sd/Uohs. 

Oct  20.     Stones  fell  at  Menabilly,  in 

Comwallia.— JTcng. 
1794,  June   16.       Twelve  stones,  one  of 

which   weighed   7|  os.   fell    at    Sienna. 

Howard    and    Klaproth    have    analysed 

these  stones.— PAO.  Tram.  1794,  p.  103. 
1795»  April  13.     Stones  feU  at  Ceykm.— 

Beck. 
-«—  Dec.  13.     A  large  stone,  weighing  55 

lb.  fell  near  Wold  Cottage  in  Yorkshire. 

No  light  accompanied    the  fallw— Crai/. 

Mag.  1796. 
1796,  Jan.  4.      Stones  feU  near    Bdaja- 

Zerkwa  in  Russia.— >6i2fofi*s  AnnaL  torn. 

xxxy. 
Feb.  19.  Astoneof  101b.  feU  in  For- 

tugaL— 5btt/Aey*«  Litters  from  Spain. 
1798,  March  a  or  12.    Stones,  one  of  which 

was  the  size  of  a  calf's  head,  fell  at  Salo. 

— >Afor)7uit  de  Dr4e, 
^—  Dec.  19.      Stones  fell  in   BengaL — 

Howard,  Lord  Falentia. 

1801,  Stones  fell  on  the  ishmd*  of  Tonnc^ 
Hers.— ^of^  de  St  Vincent. 

1802,  Sept  Stonesfell  in  Scotland?  UonlM- 
fy  Magazine,  Oct  1802. 

1803,  April  26.  A  great  fall  of  stones  took 
place  at  Aigle.  lliey  were  about  three 
thousand  in  number,  and  the  largest 
weighed  about  17  lb. 

— *  July  4w  Stones  fell  at  East  Norton. — 
PhiL  Mag.  and  BibL  Brit. 
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1803;  Oct.  &     A  ttooe  fell  near  Apt 
«—  Dec.  13.     A  stone  fell  new  Eggra- 
felde  in  Bavam,  weighing  3^  lb.— /mAo^ 

1804,  April  5.  A  stone  fell  at  PoMil,  near 
Glasgow.— -PAi7.  Mag, 

....  —  1807.  A  stone  fell  at  Dm^recfat 
^Van  Beck  Calkoen. 

1805,  March  25.  Stones  feU  at  Doroninsk 
in  Siberia.— Gti6ert*<  AnmaL  torn.  zxix. 
and  xzxi. 

—  Junew  Stones,  covered  with  a  black 
crust,  fell  in  ConstantinQple.^irtffigaj 
Jngig^an. 

1806^  March   15.     Two  stones  fell  at  St 

Etienne  and  Valence ;  oneofthem  wei^i- 

edSlb. 
«^—  May  17.     A  stone^  weighing  2^  lb. 

fell   near  Basingstoke  in   Hampshire.-* 

Monthfy  Magazine. 

1807,  March  la  (June  17.  according  to 
Lucas).  A  stone  of  160  lb.  fell  at  Timo- 
chin,  in  the  province  of  Smolensko  in 
Rusua.— 6lt/ftrr/*s  AnnaU 

•«— >  Dec.  14^.  A  great  shower  of  stones 
fell  near  Weston  in  Connecticut.  Masses 
of  20  lb.  25  lb.  and  35  lb.  were  found.— 
SlUiman  and  Xingtiey. 

1808,  April  19.     Stones  fell  at  Boitso  San- 
.    Donino.— G«t<fo/ti  and  ^Mgnoni, 

— »-  May  22.   Stones  weighing  4  lb.  or  5  lb. 

fell    near   Stannem    in   Moravia.— .fii^/. 

BrU. 
— -—  Sept  3.    Stones  fell  at  Lissa  in  Bo- 

hemia.-*Z>tf  Sckreiben. 

1809,  June  17.  A  stone  of  6  ox.  fell  on 
board  an  American  vessel,  in  latitude  30^ 
58^  N.,  and  longitude  70^  25^  W.^BibL 
Bnt.? 

1810,  Jan.  30.  Stones,  some  of  which 
weighed  about  2  lb.  fell  in  Caswell  county, 
North  America.—- PAi/.  Mag.  voL  xxxvi. 

•— >  July.  A  great  stone  fell  at  Shahabad 
in  India.  It  burned  five  villages,  and 
killed  several  men  and  women.— PAt^ 
Mag.  xxxvii.  p.  236. 

— ^  Aug.  10.  A  stone  weighing  7}  lb. 
fell  in  the  county  of  Tipperary  in  Ireland. 
—Phil.  Mag.  vol.  xxxviii.  Mr  W.  Hig^ 
gins  published  an  analysis  of  it 

•^  Nov.  23.  Stones  fell  at  Mortelle,  Vil. 
lerai,  and  Moulinbrul^  in  tlie  department 
of  the  Loiret ;  one  of  them  weighed  40  !!>. 
and  the  other  20  lb.— iVicA.  Jvumalj  vol. 
zxxix.  p.  158. 

181 1,  Maich  12.  or  13.  A  stone  of  15  lb. 
fell  in  the  province  of  Poltawa  in  Russia. 
^Gilberi*s  AnnaL  xxxviii. 

—  July  8.  Stones,  one  of  which  weighed 
3^  ox.  fell  near  Berlanguillas  in  Spain.—- 
BihT.  Brit.  tom.  zlviii.  p.  162. 

1812,  April  10.  A  shower  of  stones  fell  near 
Thoulouse. 

— —  April  15.  A  stone,  the  sise  of  a  child's 
heady  fell  at  Erxleben.  A  specimen  of  it 
is  in  the  possession  of  Pkofessor  Hauss- 


man  of  Brunswick.— (?t/irr^*«  Awm»l.  xL 
and  xli. 
1812;  Aug.  5.    Stones  fell  at  Chantonay.— 
Brochant. 

1813,  March  14.  Stones  fell  at  Cntro  in 
Calabria,  during  a  great  fall  of  red  dust 
— jBiM.  Brit.  Oct  18ia 

—  Sept  10.  Several  stones,  one  of  which 
weighed  17  lb.  fell  near  Limerick  in  Ire- 
land.—PAtf.  Mag. 

1814,  Feb.  a  A  stone  fell  near  Bacharut 
in  H\i9&iau^GUbert*i  Annai.  tom.  ]. 

—  Sept  5.  Stones,  some  of  which  weigh- 
ed 18  lb.  fell  in  the  vicinity  of  Agen.— 
FhU.  Mag.  vol.  xlv. 

-i— -  Nov.  5.     Stones,  of  which   19  were 

found,  fell  in  the  Doab  in  India.^PA&^. 

Mag. 
1815»  Feb.  la     A  stone  fell  at  Duralla  in 

India.— PAi/.  Mag.  Journal  of  Science. 
Oct  a   A  large  stone  fell  at  Chassigny 

near  Langres. — PistoUei^  Ann.  de  Chim. 

181 6,  A  stone  fell  at  Glastonbury  in  Somer- 
setshire.^P/ii/.  Mag. 

1817,  May  2.  and  a  Iliere  is  reason  to 
think,  that  masses  of  stone  fell  in  the  Bal- 
tic after  the  great  meteor  of  Gottenburg. 
— Chladni.  7 

1818,  Feb.  15.  A  great  stone  appears  to 
have  fallen  at  Limoge,  but  it  has  not  been 
disinterred.— Gfoset;(tf  de  France,  Feb.  25. 
18ia 

-*—  March  30.  A  stone  fell  near  Zubor- 
syca  in  Volhynia  (analysed  by  M.  Laugier, 
Ann,  de  Museum,  17th  year,  2d  number). 

July  29.  O.  a    A  stone  of  7  lb.  fell  at 

the  village  of  Slobodka  in  Smolensko.  It 
penetrated  nearly  16  inches  into  the  ground. 
It  had  a  brown  crust  with  metallic  spots. 

1819,  June  la  Stones  fell  at  Jonsac,  de- 
partment of  the  Lower  Charente.  These 
stones  contain  no  nickel. 

—  Oct  la  Stones  fell  near  Polits,  not 
far  from  Gera  or  Kostritz,  in  the  princi- 
pality of  Reuss.— Gi/6rrt*«  AnnaL  Ixiii. 

1820,  March  21.  to  22.  A  stone  fell  in  the 
night  at  Vedenburgh  in  Hungary.— ffef- 
perui,  xxvii.  cah.  a 

—  July  12.  A  stone  fell  near  Likna,  in 
the  circleof  Dunaborg,  provinceof  Witepsk 
in  Russia.— 7A.  Grottkut,  Ann.de  GUbert, 
Ixviii. 

1821,  June  15.  Stones  fell  near  Juvenas^ 
containing  no  nickel. 

1822,  June  a     A  stone  fell  at  Angers 

Ann.  de  Chim. 

—  Sept  10 near  Carlstadt  in 

Sweden. 

la 1-  near  la  Baffe,  can- 

ton  of  Epinal,  department  of  Vosges.— 
Ann.  de  Chim. 

1823,  Aug.  7.  ._^_—  near  Nobleboro  in 
America.— iSlfKft'mayi*^  American  Joumalf 
vu. 

1824^  towards  the  end  of  January,  many 
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stones  fell  near  Arenaxzo,  in  the  territory 
of  Bologna.  One  of  them  weighing  12 
lbs.  is  preserved  in  the  Obsenratory  of  Bo- 
logna.—Z>iarto  di  Roma. 

1824s  beginning  of  February.  A  great  stone 
fell  in  the  province  of  Irkutsk  in  Siberia. 
^Some  journals, 

^—  Oct.  14.  A  stone  fell  near  Zebmk, 
circle  of  Beraum,  in  Bohemia.  The  slone 
is  preserred  in  the  national  museum  of 
j^rague. 

Lm  OF  Masses  of  Iaon  supposed  to 

HAVE  FALLEN  FROM  THE  HEAVENS. 

Sect.  l.-^^Sjwngy  or  Cellular  Masses 
containing  Nickel. 

1.  The  mass  found  by  Pallas  in  Siberia,  to 
which  the  Tartars  ascribe  a  meteoric  origin. 
—  Voyages  de  Pallas^  torn.  it.  p.  545. 
Paris,  179a 

2.  A  fragment  found  between  Eibenstock 
and  JobanngeOTgenstadt. 

3.  A  fragment  probably  from  Norway,  and 
in  the  imperial  cabinet  of  Vienna. 

4.  A  small  mass  weighing  some  pounds,  and 
now  at  Gotha. 

5.  Two  masses  in  Greenland,  out  of  which 
the  knives  of  the  Esquimaux  were  made.-— 
See  Ross's  Account  of  an  Expedition  to  the 
Arctic  Regions. 

Sect.  2.  SoUd  Masses  v^ere  the  Iron  exists 
in  RJiomboids  or  Oetohedrons,  composed  of 
Strata*  and  containing  NiekeL 

1.  Tlie  only  fall  of  iron  of  this  kind,  is  that 
which  took  place  at  Agram  in  1751. 

2.  A  mass  of  the  same  kind  has  been  found 
on  the  right  bank  of  the  SenegaL-^Com- 
pagnon,  Forster,  Goldberry. 

Z.  At  the  Cape  of  Good  Hope ;  Stromeyer 
has  lately  detected  cobalt  in  this  mass.^ 
Van  Marum  and  Dankelman ;  Brande*s 
Journal,  vol.  vi.  162. 

4^  In  different  parts  of  Mexica— ^Sbime- 
schmidt,  Humboldt,  and  the  Gazette  de 
Mexico,  tom.  i.  and  v. 

5.  In  the  province  of  Bahia  in  Brazil.  It  is 
seven  feet  long,  four  feet  wide,  and  two 
feet  thick,  and  its  weight  about  14,000  lb. 
-^Momatf  and  fVoUaston ;  PhiL  Trans. 
1816,  p.  270,281. 

6.  In  the  jurisdiction  of  San  Jagodd  Estera. 
— Au^tn  de  Calis,  in  the  PhiL  Trans. 
1788,  vol.  Ixxviii.  p.  37. 

7.  At  Elbogen  in  Bohemia.— ->Gt/6er/*«  An-' 
nal.  xlii.  and  xliv. 

8.  Near  Lenarto  in  Hungary.—- 2>t<to,  xlix. 
The  origin  of  the  following  masses  seems  to 

be  uncertain,  as  they  do  not  contain  nickel, 
and  have  a  different  texture  from  the  pre- 
ceding :— 
1.  A  mass  found  near  tlie  Red  River,  and 
sent  from  New  Orleans  to  New  York.— 
Jtmm,  den  Mines,  1812,  Bruce* sJoum* 
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2.  A  mass  at  Aix-la-Chapelle  oontaimiig 
arsenic— G(26erf's  AnnaL  xlviii. 

3.  A  mass  found  on  the  hill  of  Brianza  in  the 
Milanese. — Chladni  in  Gilbert^s  AnnaL  1. 
p.  275. 

4.  A  mass  found  at  Groskamdorf,  and  con- 
taining, according  to  Klaproth,  a  little  lead 
and  copper. 

Nickel  or  diromium  is  found  to  be  the 
constant  associate  of  the  iron  in  the  meteoto- 
lites.  They  are  characteristic  of  meteoric 
iron,  and  are  never  found  in  mineral  native 
iron. 

Nickel  has  been  hitherto  regarded  aa  the 
sole  characteristic  ingredient  of  meteoric 
stones ;  but  from  the  analyses  of  some  late 
meteorolites  it  would  appear,  that  this  metal 
is  occasionally  absent,  wtiile  chromium  is  al- 
ways found.  Hence  the  latter  has  come  to 
be  viewed  as  the  constant  characteristic 

•  For  a  list  of  meteoric  falls  of  dust,  and 
soft  substances,  dry  or  moist,  see  Chladni, 
in  Ann.  tleChim.  et  de  Phys.  xzxi.  263^ 

The  phenomenon  of  red  snow  obaerved  at 
Baffin's  Bay  has  of  late  excited  some  specu- 
lation, being  supposed  to  be  a  meteoric  phe- 
nomenon.    But  M.  Bauer  has  proved  by  mi- 
croscopic examination,  that  the  colouring  par-* 
tides  consist  of  a  new  species  of  the  uredo, 
which  grows  upon  the  snow,  to  which  he  has- 
given  the  appropriate  name  of  uredo  nivalis. 
He  found  the  real  diameter  of  an  indiridual 
full  grown  globule  of  this  fungus,  to  be  the 
one  thousand  six  hundredth  part  of  an  inch. 
Hence,  in  order  to  cover  a  single  square  incb^ 
two  million  five  hundred  and  sixty  thousand 
of  them  are  necessary.— Jbum.  of  Sdence, 
vol.  vii.  p.  222. 

METEOROLOGY.  See  Climate^ 
Dew,  Rain. 

MIASCITE.  A  columnar  variety  of 
bitterspar,  intermixed  with  asbestos,  from 
Miaska  in  Siberia. 

MIi\SMATA.  Vapours  or  effluvia,  which, 
by  their  application  to  the  human  system,  are 
capable  of  exciting  various  diseases,  of  which 
the  principal  are  intermittent,  remittent,  and 
yellow  fevers,  dysentery,  and  typhus.  That 
of  the  last  is  generated  in  the  human  body 
itself,  and  is  sometimes  called  the  typhoid- 
femes.  The  other  miasmata  are  produced 
from  moist  vegetable  matter,  in  some  un- 
known state  of  decomposition.  The  conta- 
gious virus  of  the  plague,  small-pox,  measles, 
cbincough,  cynanche  maligna,  and  scarlet 
fever,  as  well  as  of  typhus  and  the  jail  fever, 
operates  to  a  much  more  limited  distance 
tlirough  the  intermedium  of  the  atmosphere 
than  the  marsh  miasmata.  Contact  of  a 
diseased  person  is  said  to  be  necessary  for  the 
communication  of  plague;  and  approecK 
within  2  or  3  yards  of  him  for  that  of  typhus. 
The  Walcheren  miasmata  extended  their  pea« 
tilential  influence  to  vessels  riding  at  anchor, 
fully  a  quarter  of  a  mile  from  the  sbor^    . 


MIEMITE.                      625  MILK. 

Hie  chemical  natore  of  all  these  poiaonous  tionsy  and  c^ystalliied  in  flat  double  threo- 
effiuTia  is  little  understood.  Hiey  undoubt-  sided  pyramids ;  lustre  splendent,  pearly ; 
edly  consist,  however,  of  hydrogen  united  with  cleavage  threefold  oblique  angular;  trans* 
sulphur,  phosphorus,  carbon,  and  azotes  in  lucent;  semi-hard;  brittle;  sp.  gr.  2.885; 
unknown  proportions,  and  unknown  states  of  it  dissolves  slowly,  and  with  little  efferves- 
combination.  Hie  proper  neutralisers  or  de-  cence,  in  cold  nitric  add.  Its  constituents 
stroyers  of  these  gasiform  poisons  are^  nitric  are,  carbonate  of  lime  53,  carbonate  of  mag- 
add  vapour,  muriatic  add  gas,  and  chlorine,  nesia  .42.5^  carbonate  of  iron,  with  a  little 
The  last  two  are  the  most  efficadous;  but  manganese,  3.0.  It  is  found  at  Miemo  in 
require  to  be  used  in  situations  from  which  Tuscany,  imbedded  in  gypsum,  at  Hall  in 
the  patients  can  be  removed  at  the  time  of  the  the  Tyrol,  and  in  Greenland, 
application.  Nitric  acid  vapour  may,  how-  Pritmatie  miemUe,  Colour  asparagus- 
ever,  he  diffused  in  the  apartments  of  die  sick,  green.  It  occurs  in  prismatic  distinct  con- 
without  much  inconvenience.  Bed-dothes  cretions,  and  crystallized  in  flat  rhomboids^ 
particularly  blankets,  can  retain  the  conta-  which  are  deeply  truncated  on  all  thdr  edges; 
gioos  fomes,  in  an  active  state,  for  almost  internally  shining ;  fracture  passes  from  con- 
any  length  of  time.  Hence,  they  ought  to  cealed  foliated  to  splintery ;  strongly  trans- 
be  fumigated  with  peculiar  car&  The  va-  hicent ;  as  hard  as  the  former ;  sp.  gr.  2.885 ; 
pour  of  burning  sulphur  or  sulphurous  acid  it  dissolves  like  the  other.  Its  constituents 
is  used  in  the  l^t  against  the  plague.  It  is  are,  lime  33,  magnesia  14.5,  oxide  of  iron 
much  inferior  in  power  to  the  other  antild-  2.^  carbonic  add  47.25^  water  and  loss 
mic  reagents.  See  FuioaATiON,  and  Ljmb  2.75. — Ji^iapr.  It  occurs  in  cobalt  veins 
(Chloride  of),  at  the  end.  that  traverse  sandstone,  at  GlUcksbrunn  in 

MICA.      Professor  Jameson  subdivides  Gotha. 

this  mineral  spedes  into  ten  sub-spedes,  vis.  MILK  is  a  well  known  fluid,  secreted  in 

mica,  pinite,  lepidolite,  chlorite,  green  earth,  peculiar  vessels  of  the  females  of  the  human 

talc,  nacrite^  potstone,  steatite,  and  figur»>  spedes,   of  quadrupeds,   and  of  cetaceous 

stone.  animals,  and  destined  for  the   purpose  of 

Mica.     Colours  yellowish  and  greenish-  nourishing  thdr  young, 

grey ;    massive,   disseminated,  and   crystal-  When  milk  is  left  to  spontaneous  decom- 

liz^.     Its  primitive  figure  is  a  rhomboid :  position,  at  a  due  temperature,  it  is  found  to 

The  secondary  forms  are,— 4n  equiangular  be  capable  of  passing  through  the  vinous, 

six-sided  prism,  or  table ;  a  rectangular  four-  acetous,  and  putrefactive  fermentations.     It 

sided  prism  or  table ;  and  a  six-sided  pyra-  appears,  however,  probably  on  account  of  the 

mid :  lateral  planes  smooth  and  splendent ;  small  quantity  of  alcohol  it  affords,  that  the 

terminal,  longitudinally  streaked ;  lustre  pear-  vinous  fergientation  lasts  a  very  short  tim^ 

ly,  or  semi-metallic ;  cleavage  single ;  frag-  and  can  scarcely  b^  made  to  take  place  in 

ments  tabular  and   splintery ;    translucent ;  every  part  of  the  fluid  at  once  by  the  addition 

sectile;  streak  grey-coloured;  harder  than  of  any  ferment.     This  seems  to  be  the  reason 

gypsum,  but  not  so  hard  as  calcareous  spar ;  why  the  Tartars,  who  make  a   fermented 

feels  meagre  or  smooth ;  elastic-flexible ;  sp.  liquor,  or  wine,   from  mare's  milk,   called 

gr.  2.65.     Before  the  blowpipe  it  mdts  into  koumisM,  succeed  by  using  large  quantities 

a  greyish-white  enamd.  Its  constituents  are^  at  a  time^  and  agitating  it  very  frequently, 

silica  47,  alumina  22,  oxide  of  iron   15.5,  They  add  as  a  ferment  a  sixth  part  of  water^ 

oxide  of  manganese  1.75»  potash  14.5.—  and  an  dghth  part  of  the  sourest  cow*s  milk 

ITiajtrolh.     It  occurs  along  with  felspar  and  they  can  get,  or  a  smaller  portion  of  koumiss 

quartz  in  granite  and  gneiss.     It  sometimes  already  prepared ;   cover  the  vessd  with  a 

forms  short  beds,  in  granite  and  other  primi-  thick  doth,  and  let  it  stand  in  a  moderate 

tive  rocks.     Most  of  the  mica  of  commerce  warmth  for  24  hours ;  then  beat  it  with  a 

is  brought  from  Siberia,  where  it  is  used  for  stick,  to  mix  the  thicker  and  thinner  parts^ 

window-glass.  which  have  separated ;  let  it  stand  again  24 

MICROCOSMIC    SALTS.      A  triple  hours  in  a  high  narrow  vessel,  and  repeat  the 

salt  of  soda,  ammonia,  and  phosphoric  add,  beating  till  the  liquor  is  perfectly  homoge- 

obtained   from  urine,   and   much   used  in  neous.     This  liquor  will  keep  some  months, 

assays  by  the  blowpipe.     Hiis  compound  is  in  dose  vessels  and  a  cold  place  ;  but  must 

best  procured  by  mixing  equal  parts  of  the  be  well  mixed  by  beating  or  shaldng  every 

phosphate  of  soda  and  phosphate  of  ammonia  time  it  is  used.     They  sometimes  extract  a 

in  solution,  and  then  crystallizing.     A  faint  spirit  from  it  by  distillation.     Hie  Arabs 

excess  of  ammonia  is  useful  in  the  solution,  prepare  a  similar  liquor  by  the  name  of  leban. 

See  Salt.  and  the  Turks  by  that  of  yaourt.     Eton  in- 

MIEMITE ;    of  which   there  are  two  forms  us,  that,  when  properly  prepared,  it 

kinds,  the  granular  and  prismatic,  both  sub-  may  be  left  to  stand  till  it  becomes  quite 

spedes  of  dolomite.  dry ;  and  in  this  state  it  is  kept  in  bags,  and 

Granular  miemite.  Colour  pale  asparagus-  mixed  with  water  when  wanted  for  use. 

green ;  massive^  in  granular  distinct  concre-  The  saccharine  substance,  upon  which  the 
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I^nncntiag  prapttty  of  milk  dqwodi^  b  held 
in  fohitioa  bjibm  wYitf,  which  r&mmu  after 
tbeaeparatioB  of  Iheanrd  in  makhig  dwen. 
This  it  iqiwlcd  by  cwrpowtliop  in  theln^i 
WBjTf  fcr  |riuu  imocDtieil  ptirpoti^  in  ▼wioHS 
parts  of  Switxcriaod.  When  the  whey  hm 
been  evaporated  by  heat  to  the  eonsistence 
9t  honeyy  it  is  poured  nito  proper  uMwld^ 
and  eiposed  to  dry  in  the  sun.  If  this  crude 
•ngar  of  nnlli  be  diseoHed  in  water,  elariied 
with  whites  of  cggs^  and  evaporated  to  fkt 
consistence  of  syrup,  white  crjstab,  in  the 
Ibnn  of  fhonboidal  pandldopipedons^  are 


Mnnate  of  potash^ 
with  ft  trace  of  hKtale  of  | 

99L73 
^     CbOO 
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Ingar  of  milk  has  a  fidnt  saccharine  taste, 
trad  is  sohibie  in  three  or  four  ports  of  water. 
It  yields  i>y  distillation  the  same  products 
that  odicr  sugars  do^  only  in  somewhat  dif- 
ftieut  proportions.  It  is  remarkably  bow* 
erar,  that  the  empyreumatic  oil  has  a  smell 
fesembling  dowers  of  benioin.  It  contains 
an  acid  frequently  called  the  saccholactic ; 
but  as  it  b  common  to  idl  roucilaginous  sub- 
stances, it  has  been  termed  mudc.  See 
Acid  (Mcrcic). 

The  kinds  of  miHt  that  have  been  cfaemi- 
eally  examined  are,  mare'%  woman'%  ass'% 
goat's,  sheep's,  and  oow*s.  We  have  here 
placed  them  according  to  the  proportion  of 
Iti^ar  they  allbrded;  and  diis,  Parmentier 
bbserves,  was  precisely  of  the  same  quality 
in  all,  while  all  the  other  parts  varied  In  qua- 
lity as  well  as  quantity  in  the  different  milks. 
With  regard  to  the  whey,  they  rank  in  the 
Ibllowing  order:  ass's,  mare's,  woman'% 
cow's,  goat's,  sheep's:  to  cream ;  sheep's^ 
woman's,  goat's,  cow's,  aas'a,  mare's:  to 
huttitt  sheep's,  goat's,  cow's,  woman's:  to 
cheewe;  sheep's,  goat's,  cow's,  ass's,  woman's, 
tnare's.  Parmentier  could  not  make  any 
batter  from  the  cream  of  woman's,  ass's,  or 
mare's  milk ;  and  that  from  sheep  he  found 
dways  remained  soft.  Fkom  thdr  generd 
properdes,  he  has  divided  tbem  into  two 
classes,  one  abounding  in  serous  and  sdine 
parts,  which  includes  ass's,  mare's,  and  wo- 
man's ;  the  other  rich  in  caseous  and  butyra- 
ceous  parts,  which  are  cow's,  goat's,  and 
dwep's. 

Oream,  sp.  gr.  l.OSM  by  BeneUos's ana- 
lysis,  conusts  of  butter  4.5,  cheese  a  5,  whey 
92.  Curd,  by  the  analysis  of  MM.  Gay 
Luisac  and  llienard,  b  composed  of 

Carbon,         d9.781 

Oxygen,        1 1.400 

Hydrogen,      7.429 

Atote,  21.381 


100.000 
Whey  dways  reddens  vegetable  blues,  from 

the  presence  of  lactic  odd.     Milk,  according 

to  Betidius,  consists  of, 

Water,  -  .  928.75 

Cord,  whh  a  litfle  cream,  2a00 

Sugar  of  milk,        .  .        35.00 
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and  wafesr  affect  the 
die  gravity  of  nUk  alike»  it  b 
to  infer  the  qnaUty  of  ubDl  ftom  the 
tions  nsefdy  of  a  specific  gravi^ 
We  most  first  uaaasft  lactomfter  i  _ 
^ass  tube^  m  which  we  nolo  the  thicltes  of 
the  stratum  of  cream  ailbeded,  aftsra  praper 
intervalf  from  a  determinate  column  of  netr 
milk.  We  than  apply  to  the  skimmed  adtt 
a  bydrametric  instrument,  from  which  w# 
learn  the  rdadve  proportioas  of  cuidaod  whey. 
Thus,  the  combination  of  die  twwinstrumenia 
fiirnishes  a  tolerably  exact  lactometer. 

MILK  QUARTZ.     See  Quartz. 

MILT  'of  the  Carpu  It  contdas,  accord- 
ing to  Foumroy  and  Vauqndin,  aibumea, 
gelatin,  phosphorus,  phosphate  of  lime,  phos- 
phate of  magnesia,  and  muriate  of  i 

MINDERERUS'    SPIRIT, 
aoetete  of  ammonia. 

MINERALOGY.  That  department  of 
naturd  history  which  teaches  us  to  describe^ 
recognise,  and  dasdfy  the  different  genera 
and  spedcs  of  the  objecte  of  inorganic  na- 
ture. As  the  greater  part  of  these  are  solids^ 
extracted  from  the  earth  by  mining,  they  are 
cdled  MiNBEAU.  The  term  FoflsiL  b  nc»w 
commonly  restricted  to  such  forms  of  orga- 
nic bodies  as  have  been  penetrated  with 
earthy  or  metdlic  matters. 

Pkoftssor  Mohs  of  FVvyberg  has  lately 
published  a  work,  replete  with  profound  ge» 
nerd  views  on  mineralogy,  which  promises 
to  place  the  srienee  on  a  surer  bsab  tfian  It 
has  hitherto  stood. 

Werner  first  teught  mineralogists  to  con- 
dder  the  productions  of  inorganic  natura  in 
a  state  of  mutual  connexion,  resulting  ftnm 
minerdogical  amihuity.  Thus,  heavy  spar 
is  phunly  more  similar  to  cdcareous  spar 
than  fdspar  is ;  felspar  than  gameC  ;  garnet 
than  iron^glanoe;  iron-glance  than  native 
gold ;  and  so  on. 

A  collection  of  species  connected  by  die 
kigheii,  and  at  the  some  time  eqnd  degrees 
of  natural  history  similarity,  b  named  m, 
genus.  The  same  occurs  in  zoology  and 
botony.  Tims,  the  wolf,  dog,  fox ;  the  Hon, 
tiger,  cat,  unite  into  genera.  Individuals 
whose  forms  belong  to  two  diflfaent  systems 
of  crystallizations,  cannot  be  united  in  the 
same  species.  Radiated  hepatic,  and  cristated 
Iron  pyrites,  therefore,  constitute  a  i&tinct 
spedes.  Yet  this  spedes  b  so  simflar  to 
that  of  common  iron  pyrites  (tessnlur),  that 
we  must  unite  «Mi  into  <rw  gemnb 
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Atk  ordM*  coooptebeiids  leverel  anidogotiB 
genenl ;  sitd  a  claaa,  analogous  oiden. 

The  specific  chaiveter  consists  particularly 
of  tluve  chancters.  These  are,  the  crystal- 
fine  foms  (inchiding  cleavage),  the  degrees 
of  hardness,  and  the  specific  gravity.  The 
crystalline  fonsA  may  be  reduced  in  all  cases 
to  one  of  four  Systeus  of  Cayktaluza- 
TlON:  the  Rhombohedral  ;  the  Pysamz- 
PAL,  derived  fh>m  a  fbur-sided  isosceles  py- 
Tamid ;  the  Prismatic,  derived  fitnn  a  sca- 
lene foufwsided  pyramid ;  and  lastly  the 
'Tessclar,  or  that  which  is  derived  from  the 
hexahedron. 

When  we  wish  to  detemdne  the  species  to 
which  any  mineral  belcmgs,  by  means  of  a 
tabular  view,  we  must  first  ascertain  either 
its  primitiTe  form  or  cleavage,  and  afterwards 
the  hardness  and  specific  gravity.  The  de- 
grees of  hardness  are  expressed  by  Mohs  in 
the  following  manner  :*— 

1  expresses  the  hardness  of  Talc, 

2  Gypsum, 

3  Ciilcareous  spar, 

4  Fluor-spar, 

5  Apatite, 

6  Felspar, 

7  Quarts, 

8  Topaz, 

9  Corundum, 
10  Diamond. 

Fkwfessor  Mobs  has  arranged  minerals  into 
three  classes. 

I.  Character  of  the  first  class. 

If  solid ;  sapid.  No  bitunrinous  odour* 
8p«  gr.  under  3.8.     It  has  4  orders. 

O^er  1.  Gat.     Expansible.     Not  add. 

&  Heater,  Liquid.  Witfacnit  odour  or 
sapidity.     8p.  gr.  1. 

&  Add.    Add.     Specific  gravity,  0.0015 

to  a?. 

4b  Salt.     Not  add.     Sp.  gr.  1.2  to  2.9. 

II.  Character  of  the  second  class. 

Insipid.     Sp.  gr.  above  1.8. 

Order  1.  Haloide  (salt-like).  Not  metal- 
He.     Streak  uncoloured. 

If  pyramidal  or  prismatic ;  H.  hardness, 
sss  4  and  less.  If  tessular,  H.  =r  4i.O. 
If  single,  perftct,  and  eminent  faces  of 
cleavage ;  sp.  gr.  £=  2.4  and  less. 

H.  ^  1.5  to  5.0.  If  under  2.5,  sp.  gr. 
tt±  2.4  and  less.  Sp.  gr.  =  2.2  to  3.a 
If  2.4  and  less,  H.  under  2.5 ;  And  no  re- 
ftfaioifs  histre. 

Order  2.     Baryta. 

Not  nfetallic.  If  adamantine  or  imperfect 
xnetallic  lustre;  sp.  gr.  =  6.0  and  more. 
Streak  uncoloured,  or  orange-yellow.  If 
orange-yellow;  sp.  gr.  £=  6.0  and  more, 
and  H.  =  aO  and  less. 

H.  ss  2.5  to  5.0.  If  5.0 ;  sp.  gr.  under 
4w5« 

Sp.  gr,  sas  as  to  7.2.  If  under  4.6  and 
H.  ^  5.0 ;  cleavage  diprismotic; 


Order  a     XtrtUe  (Homy). 

Not  metallic.     Streak  uncoloured.     No 
single  eminMt  deavage     H.  s^  1.0  to  2.0. 
■  Sjp.  gr.  scs:  5.a 

Order  4^     Malachite. 

Not  metallic.  Colour  blue,  green,  brown. 
If  brown  colour  of  streak ;  H.  ss  aO  and 
less ;  and  sp.  gr.  above  2.5.  If  uncoloured 
streak ;  sp.  gr.  s:  2.2  and  less ;  and  H.  ^ 
aO.  No  single  eminent  fiures  of  cleavage. 
H.  s  2.0  to  5.0.  Sp.  gr.  =  2.0  to  4.6. 
Orders.     Mica. 

If  metaUic ;  sp.  gr.  under  2.2.  If  tn&t 
metallic ;  sp.  gr.  above  2.2.  If  yellow  streak ; 
pyramidaL  Sngle  eminent  cleavage.  H.  ^ 
1.0  to  4.5.  If  above  2.5 ;  ihombohedraL 
Sp.  gr.  as  1.8  to  aa  If  under  2.5;  me- 
taiOlc.  If  above  4.4;  streak  uncoloured. 
Order  6.     Spar. 

Not  metallic.  Streak  uncoloured,  brovm. 
If  rhombohedral ;  sp.  gr.  2.2  and  less,  or  H. 
sisaa 

H.  sss  3.5  to  7.  If  4.0  and  less ;  single 
eminent  cleavage.  If  above  aO ;  sp.  gr. 
under  2.5,  or  above  2.8;  and  pearly  lustre. 
Sp.  gr.  =r  2.0  to  a7.  If  above  a3 ;  hemi- 
jirismatic,  or  H.  :i^  aO;  and  no  adamantine 
lustre.  If  2.4  and  less ;  not  without  traces 
of  form  and  cleavage. 

Order  7.  Gem. 
.  Not  inetalUc.  Streak  uncoloured.  H.  ss 
6.5  to  10.  If  aO  and  less;  sp.  gr.  a=  a4 
and  less ;  and  no  traces  of  form  and  cleav- 
age. Sp.  gr.  ^  1.9  to  4.7.  If  under  a8; 
no  pearly  lustre. 

Order  a     Ore. 

If  metallic ;  black.  If  not  metallic ;  ada- 
mantine, or  imperfect  metallic  lustre.  If 
ydlow  or  red  streak ;  H.  ==  a5  and  more ; 
and  sp.  gr.  ss  4.8  and  more.  If  brown  or 
black  streak ;  H.  ss  5.0  and  more,  or  per- 
fectiy  prismatddal.  H.  as  a 5  to  7.0.  It 
4.5  and  less ;  red,  yellow,  or  black  streak. 
If  6.5  and  more,  and  streak  uncoloured; 
sp.  gr.  =s  6.5  and  more.  Sp.  ^.  ^  a4  to 
7.4. 

Order  9.     Metal 

Metallic    Not  black.    If  grey,  malleable; 
and  sp.  gr.  =r  7.4  and  more.     H.  =  0.0 
to  4.0  or  malleable.   Sp.  gr.  as  5.7  to  20.0. 
Order  10.     Pyntej. 

Metallic     H.  sa5to6.a    If  4.5  and 
less ;  sp.  gr.  under  aO.     Sp.  gr.  ss  4. 1  to 
7.7.     If  5.3  and  less ;  colour  yellow  or  red. 
Order  11.     Glance. 

Metallic  Grey,  black.  H.  1.0  to  4.0. 
Sp.  gr.  =:  4.0  to  7.  a  If  under  5.0,  and 
single  perfect  cleavage,  lead-grey.  If  above 
7.4,  lead  grey. 

Order  la     Blende. 

If  metallic;  black.  If  not  metallic;  ada- 
mantine lustre.  If  brown  streak ;  untolour- 
ed.  Sp.  gr.  between  4.0  and  4.2 ;  and  the 
form,  tessular.  If  red  streak;  sp.  gr.  :^ 
4.5  and  more ;  and  fi.  ad^  a5  and  iSuL 
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H.  s=  1.0,  4wO.    Sp.  gr.  s=  3,9,  S.2.    If 
4.3  and  more ;  streak  red. 

Order  la     Sulphur. 
Not  metallic.      Colour   red,   yellow,   or 
brown.    Prismatic.    H.  ^  1.0  to  2.5.    Sp. 
gr.  SB   1.9  to  3.6.     If  above  2. 1 ;  streak 
yellow  or  red. 

Class  III. 
If  fluid ;  bituminous  odour.     If  solid ;  in- 
upid.     Sp.  gr.  under  1.8. 

Order  1.     Eetin. 
Fluid,  solid.     Streak  uncoloured,  yellow, 
brown,  black.     H.  ^  0.0  to  2.5.     Sp.  gr. 
s=  0.7  to  1.6.     If  1.2  and  more;  streak 
uncoloured. 

Order  2.     CoaL 
Solid.     Streak,  brown,  black.    H.  ss  0.1 
to  2.5.     Sp.  gr.  =  1.2  to  1.5. 

Genera. 
Class  I.     Order  1.     Gas. 
Genera.     1.  Hydrogen.     2.  Atmospheric 
air. 

Order  2.     Water, 
Genu*.     1.  Atmospheric  water* 

Order  3.     JcuL 
Genera.     1.  Carbonic.     2.  Muriatic.     3. 
Sulphuric.     4).  Boracic;  and,  5.  Arsenic. 
Order  4.     Salt. 
Genera.    1.  Natroiwsalt.    2.  Glauber-salt. 

3.  Nitre-salt.  4.  Rock-salt.  5.  Ammoniac- 
salt.  6.  Vitriol-salt ;  comprising  as  spedes, 
the  sulphates  of  iron,  copper,  and  zinc.  7. 
Epsom-salt.  8.  Alum-salt.  9.  Borax-salt. 
10.  Barythine-salt  (heavy-salt).     Glaubcrite. 

Class  II.     Order  1.     Haloide. 
Genera.    1.  Gypsum-haloide.    2.  Cryone- 
baloide.   3.  Aluro-haloide.   4.  Fluor-haloide. 

5.  Calc-haloide. 

Order  2.     Baryta. 
Genera.    1.  Parachrose-baryta  (altered  co- 
lour).   2.  Zinc-baryta.    3.  Scheelium-baryta. 

4.  Hal-baryta.     5.  Lead-baryta. 

Order  3.     Kerate. 
Genera.     1.  Pearl-kerate. 

Order  4.      Malachite. 
Genera.      1.  Staphyline-malachite  (grape 
like).       2.    Lirocone-malachite   (form    un- 
known).     3.   Olive-malachite.      4.    Azure- 
malachite.     5.  Emerald-malachite.     6.  Ha- 
broneme-malachite  (fine  threaded). 
Order  5.     Mka. 
Genera,    1.  Euchlore-mica  (bright  green). 

2.  Antimony-mica.  3.  Cobalt-mica.  4.  Iron- 
mica.  5.  Graphite-mica.  6.  Talc-mica.  7. 
Pearl-mica. 

Order  6.     Spar. 
Genera.     1.  Schillei^spar.     2.  Disthene- 
q>ar.     3b  Triphane-spar.     4.  Dystome-spar 
(diflicultto  cleave).  5.  Kouphone-spar  (light). 

6.  Petaline-spar.  7.  Felspar.  8.  Augite-spar. 
9.  Azure-spar. 

Order  7.     Gem. 
Genera.     1.  Andalusite.     2.  Corundum. 

3.  Diamond.     4.  Topai.     6.  Emerald.     6. 


Quarts.  7.  Axinite.  a  Chryiolite.  9.  Bo- 
racite.  la  Tourmaline.  11.  GameL  12. 
Zircon,     la  Gadolinite. 

Order  a  Ore. 
Genera.  1.  Titanium-ore.  2.  Tkoc-Oi^ 
3.  Copper-ore.  4.  Tin-ore.  5.  Scfaeelium- 
ore.  6.  Tantalum-ore.  7.  Uranium-ore. 
8.  Cerium-ore.  9.  Chrome-ore.  10.  Iron- 
ore.     11.  Manganese-ore. 

Order  9.     Metal. 
Genera.     1.  Arsenic.     2.  Tellurium.    3. 
Antinumy.     4.  Bismuth.     5.  Mercury.     6^ 
Silver.    7.  Gold,    a  Platina.    9.  Iron.    10. 
Copper. 

Order  10.     Pyriteu 
Genera.     1.  Nickel-pyrites.     2.  Arsenic- 
pyrites.    3.  Cobalt-pyrites.    4.  Iron-pyrites. 
5.  Copper-pyrites. 

Order  11.  Glance. 
Genera.  1.  Copper-glance.  2.  Silver- 
glance.  3.  Lead-glance.  4.  Telluriums- 
glance.  5.  MolybdenaF-glance.  6.  Bismuth- 
glance.  7.  Antimony-glance,  a  Melane- 
glance  (black). 

Order  12.     Blende. 
Genera.     1.  Glance-b\ende.     2.   Garnet- 
blende.    3.  Purple-blende.    4.  Ruby-blende. 
Order  la     Sulphur. 
1.  Sulphur. 

ClJkss  III.     Order  1.     Bean. 
Genus.     Melichrone-resin  (honey-colour- 
ed). 

Order  2.     CoaL 
Genus,     Mineral-coal. 

Such  are  the  genera  of  Professor  Mobi.  I 
would  willingly  have  introduced  a  view  of 
the  species ;  but  his  symbols  of  their  crystal- 
line structure,  and  forms,  would  require  a 
detailed  explanation,  inconsistent  with  the 
limits  of  this  work.  An  account  of  his  new 
system  of  crystallography  is  given  by  one  of 
his  pupils  in  the  3d  vol.  of  the  Edin.  FhiL 
Journal.  But  the  Professor  promises  soon 
to  publish  that  system  himself;  which,  if  we 
may  judge  from  the  luminous  exposition  of 
the  Characterhtic  of  his  Natural  Histoay 
System,  recently  published,  will  be  a  great 
acquisition  to  minerali^cal  science.  Thia 
has  been  ably  translated  into  English  by  M. 
Haidinger,  himself  an  excellent  mineralo- 
gist. 

MINERAL  CAOUTCHOUC  SeeCA- 

OUTCHOUC 

MINERAL  CHARCOAL.  SeeCaAa- 
COAL  (Mineral). 

MINERAL  OIL.     See  Petroleum. 

MINERAL  PITCH.     See  Bitumen. 

MINERALIZER.  Metallic  substances 
are  said  to  be  mineralixed  when  deprived  of 
their  usual  properties  by  combinaticm  with 
some  other  substance. 

MINER'S  SAFETY  LAMP.  See 
Lamp. 

MINIUM.     lUd  oxide  of  lead.  . 
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MIRROR.      See  Sfecoluu;   also  SiL- 

VERIKG. 

MISPICKEL.     Arsenical  pyrites. 

MOCH  A.STONE.     See  Aoats. 

MOIREE  METALLIQUE.  When  we 
pour  on  heated  tin-plate  a  mixture  of  2  parts 
of  the  nitric  acid  of  conraierce,  and  3  of 
muriatic  acid  diluted  with  8  of  water,  we  ob- 
tain, after  washing,  a  beautiful  crystalline 
surfiKe*  in  plumose  forms,  which  was  firrt 
obsenred  a  few  years  ago  by  M.  Alard.  It 
is  usually  called  in  this  country  crystallized 
tin-plate ;  and,  when  ▼amished,  it  is  worked 
into  omamenlal  Teasels.  The  figures  vary, 
according  to  the  degree  of  heat  previously 
given  to  the  metal. 

MOLYBDATE  OF  LEAD.  See  Ores 
OF  Lead. 

MOLYBDENUM.  A  metal  which  has 
not  yet  been  reduced  into  masses  of  any  mag- 
nitude ;  but  has  been  obtained  only  in  small 
separate  globules,  in  a  blackish  brilliant  mass. 
This  may  be  effected  by  making  its  acid  into 
a  paste  widi  oil,  bedding  it  in  charcoal  in  a 
crudble,  and  exposing  it  to  an  intense  heat. 
The  globules  are  grey,  brittle,  and  extremely 
infusible.  By  heat  it  is  converted  into  a 
white  oxide,  which  rises  in  brilliant  needle- 
formed  flowers,  like  those  of  antimony.  Ni- 
trie  acid  readily  oxidises  and  acidifies  the 
metal.  Nitre  detonates  with  it,  and  the  re- 
maining alkali  combines  with  its  oxide. 

Molybdenum  unites  with  several  of  the 
metals,  and  forms  brittle  or  friable  com- 
pounds. No  acid  acts  on  it  but  the  nitric 
and  nitromuriatic.  Several  acids  act  on  its 
oxide,  and  afford  blue  solutions.     See  Acld 

(MOLYBDIC). 

The  sp.  gr.  of  molybdenum  is  8.611. 
When  dry  molybdate  of  ammonia  is  ignited 
in  a  crucible  with  charcoal  powder,  it  is  con- 
verted into  the  brown  oxide  of  the  metal. 
This  has  a  crystallized  appearance,  a  copper- 
brown  colonjT,  and  a  sp.  gr.  of  5.66.  It  does 
not  form  salts  with  acids.  The  deutoxide  b 
molybdous  acid,  which  see. 

MONTMARTRITE.  Its  colour  is  yel- 
lowish ;  it  occurs  massive,  but  never  crystal- 
lized. It  is  soft  It  effervesces  with  nitric 
acid.  It  is  a  compound  of  83  sulphate  of 
lime,  and  17  carbonate  of  lime,  which  is 
found  at  Montmartre,  near  Paris.  It  stands 
the  weather,  which  common  gypsum  does  not 

MOONSTONE.     A  variety  of  aduUuia. 

MOOR-COAL.     See  Coal. 

MORASS-ORE.     Bog-irun  ore. 

MORDANT,  in  dyeing,  the  substance 
combined  with  the  vegetable  or  animal  fibre, 
in  order  to  fix  the  dye^tuff.  It  also  usually 
modifies  the  colour.     See  Dyeing. 

MOROXYLATES.  Compounds  of  mo- 
roxylic  acid  with  the  salifiable  bases. 

MOROXYLIC  ACID.    See  Add  (Mo- 

ROXYLfC). 


M0R03CITE.  Apatite  of  a  blue-greeh 
colour  from  Norway. 
*  MORPHIA.  A  new  vegetable  alkali, 
extracted  from  opium,  of  which  it  constitutes 
tlie  narcotic  principle.  It  was  first  obtained 
pure,  by  M.  Sertiimer,  about  the  year  1817. 

Two  somewhat  different  processes  for  pro- 
curing  it  have  been  given  by  M.  Robiquet 
and  M.  Choulant 

According  to  the  former,  a  concentrated 
infusion  of  opium  is  to  be  boiled  with  a  small 
quantity  of  common  magnesia  for  a  quarter 
of  an  hour.  A  considerable  quantity  of  a 
greyish  deposite  falls.  This  is  to  be  washed 
on  a  filter  with  cold  water,  and  when  dry, 
acted  on  by  weak  alcohol  for  some  time,  at 
a  temperature  beneath  ebullition.  In  this 
way  very  little  morphia,  but  a  great  quantity 
of  colouring  matter,  is  separated,  llie  mat- 
ter is  then  to  be  drained  on  a  filter,  washed 
with  a  little  cold  alcohol,  and  afterwards 
boiled  with  a  large  quantity  of  highly  recti- 
fied alcohol.  This  liquid  being  filtered  while 
hot,  on  cooling  it  deposits  the  morphia  in 
crystals,  and  very  little  coloured.  The  solu- 
tion in  alcohol,  and  crystallization,  being  re- 
peated two  or  three  times,  colourless  morphia 
is  obtained. 

llie  theory  of  this  process  is  the  follow- 
ing:—Opium  contains  a  meconiate  of  mor- 
phia. The  magnesia  combines  with  the  me- 
conic  acid,  and  the  morphia  is  displaced. 

Choulant  directs  us  to  concentrate  a  dilute 
watery  infusion  of  opium,  and*  leave  it  at  rest 
till  it  spontaneously  let  fall  its  sulphate  of 
lime  in  minute  crystals.  Evaporate  to  dry- 
ness ;  redissolve  in  a  little  water,  and  throw 
down  any  remaining  lime  and  sulphuric  acid» 
by  the  cautious  addition,  first  of  oxalate  of 
ammonia,  and  then  of  muriate  of  baryta. 
Dilute  the  liquid  with  a  large  body  of  water, 
and  add  caustic  ammonia  to  it,  as  long  aa 
any  precipitate  falls.  Dissolve  this  in  vine* 
gar,  and  throw  it  down  again  with  ammonia* 
Digest  on  the  precipitate  about  twice  ita 
waght  of  sulphuric  ether,  and  throw  th^ 
whole  upon  a  filter.  The  dry  powder  is  to 
be  digested  three  times  in  caustic  ammonia, 
and  as  often  in  cold  alcohol.  The  remaining 
powder  being  dissolved  in  twdve  ounces  Of 
boiling  alcohol,  and  the  filtered  hot  solution 
being  set  aside  for  18  hours,  deposits  coloiur- 
less  transparent  crystals,  consisting  of  double 
pyramids.  By  concentrating  the  supernatant 
alcoholic  solution,  more  crystals  may  be  ob- 
tained. 

The  following  process  of  M.  Hottot  is 
much  commended. 

Opium  is  to  be  dissolved  in  so  much  water 
aa  to  yield  a  solution  of  a  specific  gravity  not 
higher  than  1.012.  A  small  quantity  of  am-> 
monia  is  then  to  be  added,  just  sufficient  to 
precipitate  the  colouring  matter  of  the  solu- 
tion. In  consequence  of  the  diluted  state  of 
the  liquor,  this  readily  falls  to  the  bottom. 
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IWcinriolatioiibtfaairetiioved,  add  more 
^■■■■liA  added  to  it  to  precipitaie  the  mor- 
phia. The  ▼tgctaUe-  alkali  flepvrates,  and 
lalls  on  ttandingy  aa  a  cryBtalliiie  aediment, 
containiBg  Tery  little  colouring  matter.  This 
mahid  wiA  cold  water,  and  afterwards  treat- 
ed with  alcohol,  sp.  gr.  0.840,  and  a  little 
animal  charcoal,  gives  by  the  first  operatum 
a  morphia  so  pure  as  to  require  no  further 
solution  in  alcohol,  or  union  with  sulphuric 
add.  By  this  process  a  coosidersble  quantity 
of  morphia  may  be  obtained  in  84  hours, 
with  very  little  waste  of  alcohoL  The  only 
point  to  be  attended  to  is,  to  separate  care- 
fully the  fiitty  matter  which  falls  in  the  finrt 
instance  on  adding  a  small  quantity  of  8n»- 
monia,  so  that  it  may  not  be  rediisolred  by 
the  addition  of  the  further  quantity  of  am- 
monia  necessary  to  throw  «lown  the  mor- 
phia. 

The  product  by  the  magnesia  process  was 
rarely  so  white  and  pure  as  that  of  the  above 
method;  nor  was  the  quantity  so  great.  » 
Jourtu  de  I^arm.  z.  475. 

M.  Chcmlant  says,  it  crystallises  in  doqhlo 
ibur-sided  pyramids,  whose  bases  are  squares 
or  rectangles;  sometimes  in  prisms^  with 
trapezoidal  bases. 

It  dissolTes  in  82  times  its  weight  of  boU- 
iag  water,  and  the  solution  on  cooling  de- 
posits regular,  colourless,  trsnsparent  ciys> 
tals.  It  is  soluble  in  36  times  its  weight  of 
boiling  alcohol,  and  in  48  times  its  weight  of 
cold  idcohol,  of  0.98.  It  diasolres  in  eight 
times  its  weight  of  sulphuric  ether.  All  these 
solutions  duuige  the  infusion  of  brazilwood 
to  violet,  and  the  tincture  of  rhubarb  to 
brown.  The  saturated  alcoholic  and  ethere^ 
oas  solutions,  when  rubbed  on  the  skin,  leave 
arad  mark. 

Sulphate  of  morphia  erystallises  in  prisms, 
which  dissolve  in  twice  their  weight  of  dis- 
tilled water.     They  are  composed  of 
Acid,        28        5.00 
Morphia,  40        9.00 
Watv,      98 

100 
Nitrate  of  morphia  yields  needle-lbnn  crys- 
tals in  stars^  which  are  soluble  in  1^  times 
their  weight  of  distilled  water.     Its  oonsti- 
tuents  are^ 

Acid,  80  6.75 
Morphia,  36  18.15 
Watatv      44 

100 
Muriate  of  morphia  is  in  ftatfaer-shaped 
crystsls,  and  needles.     It  is  soluble  id  lOf 
tines  its  weight  of  distilled  water.     Ita  con- 
stituents  arei, 

Add,  35  4.625 
Morphia,  41  5.132 
Water,      84 

100 


tbm 


The  acetate  ctyelallisei  in 
tartrate  in  prisms;  and  the  carbonate  in 
prisms.     Dr  Tbonsoa  states  the  ahinate 
constitaemts  of  morphia  to  be, 

Hydrogen,  -  0.0555 
Carbon,  .  a4528 
Oxygen,      -       0.4917 


1.0000 
from  the  analysis  of  one  grain,  by  ignitad 
peroxide  of  copper.     He  imagines  the  8toi» 
to  be  dtber  4a85k  or  8a  125. 

MM.  Dumas  and  Pdkftier,  bi  their  esfc»' 
sive  memoir  on  organic  salifiable  bMSs^  ob« 
serve  on  morphia,  that  Dr  Thomaon's  resiika 
are  aflFected  by  some  inaccuracy,  proccedii^ 
undoubtedly  fhmi  the  snalytical  method  winch 
he  employed ;  for  M.  Bussy,  of  the  school  o$ 
pharmacy,  had  htfely  published  a  well-con- 
ducted analysis  of  morphia,  in  wliicfa  he  ioaaA 
asote,  a  piinriple  which  Dr  Thomson  had  not 
supposed  to  exist  in  it.  M.  Bussy  shows  ala» 
a  much  larger  proportion  of  carbon,  as  we 
may  percdve  by  comparing  his  resnlta  with 
the  preceding:-— 

Cwbon,  .  60.0 
Hydrogen^  •  6w5 
Azotf^  -  .  4.5 
Oxygen,         -        8a0 

loao 

MM.  Dumas  and  Pelletier  made  the  ulti*- 
mate  analysis  of  morphia  on  two  very  pure 
specimens  extracted  by  difierent  methods. - 
The  mean  of  the  two  results,  which  diifiHcd 
very  little,  and  which  they  regard  as 
exacts  was, 

Carbon,  -  78.08 
Hydrogen,  -  7.61 
Aiote,  -  5.53 

OxygeiH        -        14w84 


loaoo 

Jnru  de  Ckim.  xxiv.  184b 
Mr  Brande's  analysis  give%  as  the  ""^^w 
of  three  experiments^ 

Carbon,  .  78.00 
Hydrogen,  -  5.50 
Asota^  -  5.50 

Oxygen^        -        17.00 


loaoo 

Jbicni.  ofSeiencet  xwL  884. 

The  near  coincidence  of  these  analyticalt 
results,  phu»s  the  errors  of  Dr  Thomson's  in 
a  very  strong  light. 

The  prime  equivalent  of  morphia  seems  to 
be  about  40  by  Pelletier  and  Caventou,  which 
is  probably  more  exact  than  the  number  de- 
duciUe  from  Choulant. 

Tincture  of  galls  is  said  to  be  a  good  test 
of  morphia  free  or  combined. 

Subacetate  of  lead  throws  down  all  the 
animal  matters  with  which  acetate  of  mor- 
phia may  come  to  be  aswodatcd  in  the* 
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stomach,  williout  aeting  mi  tlwt  veg«lri>le 
■alt.  llse  exeew  of  keSl  may  be  laparated 
from  the  clear  liquor  by  a  few  bubbba  of  aul- 
pfaurefted  hydrogen ;  and  the  morphia  may 
then  be  lecogniaed  by  crystallisation  m  vacvoy 
and  by  the  red  colour  which  nitric  add  im- 
parts to  it.  No  morphia  is  found  in  the  blood 
of  animals  killed  with  it  — .^n.  de  Ckim.  zxt. 
105. 

Morphia  acts  with  great  energy  on  the 
anhnal  economy.  A  grain  and  a  half  taken 
at  three  diffisrent  times,  produeed  sadi  vio- 
lent symptoms  upon  three  young  men  of 
seventeen  years  of  age,  that  Sertiirner  was 
-ahurmed  lot  the  consequences  should  have 
proved  fataL 

Morphia,  according  to  its  dfiscoverer,  melts 
in  a  gentle  heat ;  and  in  that  stale  lias  very 
much  the  appearance  of  melted  sulphur.  On 
cooling,  it  again  crystallises.  It  bums  easily ; 
and,  when  heated  in  dose  veasels,  leaves  a 
eoGd  resinous  black  natter,  having  a  peculiar 
smeU. 

MORTAR  CEMENT.  A  mixtui«  of 
lime  and  siliceous  sand,  used  in  masonry  for' 
cementing  together  the  stones  and  bricks  of 
a  building.  Tlie  most  precise  ideas  which 
we  have  on  this  subject  were  given  by  Sir  H. 
Davy,  in  his  Agric.  Chem.     See  LmB  and 

MOSAIC  GOLD.     See  Amine  Mmi. 

TUB. 

MOTHER  OF  PEARL  shells ara com- 
posed  of  alternate  layers  of  coagulated  albu- 
men and  carbonate  of  lime^  in  the  proportion, 
by  Mr  Hatchett,  of  M  of  the  former  and  76 
of  the  latter,  in  100  parta. 

MOTHER  WATER.  When  sea-water, 
or  any  other  solution  containing  various  salts, 
is  evaporated,  and  the  crystals  taken  out; 
there  always  remains  a  fluid  containing  deli- 
quescent salts,  and  the  impurities,  if  present. 
Tliis  is  called  the  mother  water. 

MOULD.  See  Soil,  Manors,  and 
Akalysib  (Vbgbtable). 

MOUNTAIN  BLUE.  Malachite ;  car- 
bonate  of  copper. 

MOUNTAIN  CORK  and  MOUN- 
TAIN LEATHER.     See  AsBEsrus. 

MOUNTAIN  GREEN.  Common  cop- 
per green  ;  a  carbonate  of  copper. 

MOUNTAINor  ROCK  WOOD.    See 

ASBCSTUS. 

MOUNTAIN  SOAP.  Colour  pale 
brownish-black ;  massive ;  dull ;  fracture  6ne 
eartliy;  opaque;  streak  shining;  writes, 
but  does  not  soil;  soft;  sactile;  easily  iVan- 
gible;  adheres  strongly  to  the  tongue;  foels 
very  greasy.  It  is  Kght,  bordering  on  ra- 
ther heavy.  It  occurs  in  trap  rocks  in 
the  island  of  Skye.  It  b  used  in  crayon- 
painting. 

MOUNTAIN  TALLOW.  See  Tal- 
low. 


MUCILAGE.  An  aqueous  solution  of 
gum. 

MUCUa  This,  acooffdiog  to  Dr  Bo. 
stock,  is  one  of  the  primary  animal  fluids 
perfectly  distinct  from  gelatin. 

The  subaoetate  of  lead  does  not  afiect  ge- 
latin ;  on  the  other  hand,  tannin,  which  is  a 
-delicate  test  of  gelatin,  does  not  affect  mucus. 
Both  these  reagents,  however,  precipitate  al- 
bumen ;  but  the  bichloride  of  mercury,  wliich 
will  indicate  the  preseoite  of  albumen  dis- 
solved in  SOOO  pots  of  water,  predpitates 
neither  mucus  nor  gdatin*  Thiis  we  have 
three  diactinct  and  delicate  tesu  for  these 
teee  different  prindplek 

Gum  appears  to  resemble  mucus  in  its 
properties^  One  grain  of  gum-arabic,  dis- 
solved in  900  of  water,  was  not  affected  by 
bichloride  of  mercury,  or  by  tannin,  but 
was  immedialdy  predpitaled  by  subaoetala 
of  lead. 

MUFFLE.  A  small  earthen  ov«n»  made 
and  add  by  the  crudble  manufacturers.  It 
is  to  be  iized  im  a  furnace^  and  is  useful  for 
cnpellatioo,  aod  other  processes  whidi  da»> 
maud  aoeessof  aic 

MULLER*S  GLASa     Hyalita. 

MURCHISONITE.  A  new  mineral 
species  from  the  n^hbouxfaood  of  Dawlisl^ 
somewhat  resensbling  the  variety  of  felspar 
called  sun-atone.  Ip.  grav.  2.5091.  Its 
coMtituents,  according  to  Mr  R.  Phillips, 
are,  silica  6a6,  alumina  16.6,  potash  ]4.8» 
in  100.--P*i^  Mmg.  N,  &  i.  44& 

MURIACITE.     Gypsum. 

MURIATIC  ACID.     See  Aoo  (Mu- 

BIAITC). 

MURICALCITE.     Rhomb-Bp«r. 

MUSCLES  OF  ANIMAL&  See  Fu- 
BiNand  Flbsb. 

MUSCOVY  GLASS.     SGca. 

MUSHROOM&     See  Boletus. 

MUSK,  is  a  substance  extremdy  odorous, 
bitter,  m  the  form  of  little  clots,  induded  in 
a  bag  which  the  musk-deer  possesses  near 
its  navd.  Una  aninwl  inhabits  Thibet  and 
Great  Tartary.  Among  the  constituents  of 
musk  may  be  enumerated  stearine,  olcine^ 
cholesteriae,  an  acid  oil,  and  a  volatile  ojl, 
which  render  H  very  combustible.  See  an 
analysis  of  it  in  the  Journal  de  Pkarmadt, 
VL105. 

MUSSITE.     Diopside. 

MUST.  The  juice  of  grape,  composed 
of  prater,  sugar,  jelly,  gluten,  aod  bitartrate 
of  potash.  From  a  French  wine  pint  of 
must,  fhe  Marquis  de  Bullion  extracted  hdf 
an  ounce  of  sugar,  and  l-16th  of  an  ounce 
of  tartar.  Pwmst  says,  the  muscadine  grape 
contains  about  SO  per  cent  of  a  peculimr 
spedes  of  sugar.     By  fermentatioa  it  fonns 

wine. 
MYBICIN.  The  ingredient  of  wax  wbieh 

remains  after  digestion  with  afeohoL     It  is 
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insoluble  likeviie  in  water  and  ether ;  but  acoordiiig  to  Biaoonnot,  of 
▼err  soluble  in  fixed  and  Tolatile  oils.     Ita         Rean,  containing  some  volatile  oil,  33^68 
melting  point  is  about  ISO^.     Sp.  gr.  a90.  Gum,  -  66.32 

Its  coDsistence  is  waxy.  ■       ■ 

MYRRH.    A  gum  resin,  which  consist^  lOaOO 


N 


NACRITE.     See  Talotb. 

NADLESTEIN.     Rutile. 

NAILS^  consist  of  coagulated  albumen, 
with  a  little  phosphate  of  lime. 

NANKIN  DYE.  See  Ibon,  towards 
the  end. 

NAPHTHA.  A  native  combustible  li- 
guid,  of  a  yellowish- white  colour,  perfectly 
fluid  and  shining.  It  feels  grea^,  exhales 
an  agreeable  bituminous  smell,  and  has  a 
specific  gravity  of  about  0.7.  It  takes  fire 
on  the  approach  of  flame,  affording  a  bright 
white  light.  It  occurs  in  considerable  springs 
on  the  shores  of  the  Caspian  Sea,  in  Sicily 
and  Italy.  It  is  used  instead  of  oil,  and 
diflTers  from  the  petroleum  obtained  by  dis- 
tilling coal  tar,  only. by  its  greater  purity 
and  lightness.  By  Dr  Thomson's  recent 
analysis  of  a  specimen  of  naphtha  firom  Per- 
sia, whose  sp.  gr.  was  0.753,  and  boiling 
point  3209,  it  appears  to  be  composed  of 
carbon  82.2  -f-  hydrogen  14t.8,  with  perhaps 
a  little  azote. 

By  my  analyas,  naphtha,  specific  gravity 
0.857,  boiUng  point  316<>  Fahr.,  contains  in 
100,  carbon  83.04^  hydrogen  12.31,  oxygen 
4)w6d ;  which  is  very  nearly 

Carbon,  22  atoms  16.5  8^5 
Hydrogen,  20—2.5  12.5 
Oxygen,  1     —       1.0  5.0 

It  is  therefore  resolvable  into  20  atoms  of 
olefiant  gas,  1  atom  carbonic  oxide  holding 
1  atom  of  carbon  in  combination.-— PAi/. 
Trans.  1822. 

NAPHTHALINE.  A  greyish-white 
substance  found  during  the  rectification  of 
the  petroleum  of  the  coal  gas  works,  in- 
crusting  the  pipes.  It  may  be  obtained  in 
thin  white  scales  of  a  pearly  brightness,  by 
slow  re-sublimation  in  glass  vessels.  Its 
sp.  grav.  is  1.048.  It  has  a  strong  odour 
of  naphtha.  It  is  insoluble  in  water,  but 
very  soluble  in  ether,  and  moderately  so  in 
alcohol  and  oils.  In  water  heated  to  J  68^ 
Fahr.  it  fuses,  and  remains  at  the  bottom  of 
the  liquid ;  but  when  stirred  it  rises,  and 
spreads  on  the  top  in  oily  patches.  At  180^ 
It  rises  spontaneously  from  the  bottom  in 
oily-looking  globules,  which,  as  the  tempera- 
ture is  raised,  dissipate  in  the  air,  undergo- 
ing motions  similar  to  those  of  camphor 
floating  on  water.  Naphthaline  is,  accord- 
ing to  my  analysis,  a  solid  tncaiburet  of  hy- 
drogen, consisting  of— 


Carbon, 
Hydrogen, 


2  atoms 
1     — 


1,5 
a  125 


92.9 
7.1 


1.625     loao 

PhiL  Tratu.  1822. 

Mineral  or  reMtnaus  Naphthaline  has  been 
recently  found  native  in  a  layer  of  lignite^ 
in  the  coal  formation  of  Usnach.  It  ia 
transparent,  brittle,  and  has  the  s^pearanoe 
of  talc.  It  is  crystalline,-^ts  primitive  form 
being  an  irregular  octohedron.  Colours, 
white,  green,  or  yellow.  Rather  heavier 
than  water.  Burns  with  a  bright  flame  and 
much  smoke.  Fuses  at  a  low  temperature 
and  ciystalliies  on  cooling. 

NAPLES  YELLOW.  According  to 
IVofessor  Beckmann,  this  colour  is 'prepared 
by  calcining  lead  with  antimony  and  potash 
in  a  reverberatory  furnace. 

NARCOTINE.  An  element  of  opium, 
which  see. 

NATRON.  Native  cazbonate  of  soda, 
of  which  there  are  two  kinds,  the  conunon 
and  radiated.     See  Soda. 

NATROLITE.  A  sub-species  of  pria- 
matic  zeolite  or  mesotype.  Colour  yellow- 
ish ;  massive,  in  plates  and  reniform ;  sel- 
dom crystallized  ;  crystals  adcular ;  lustre 
glistening,  pearly ;  translucent  on  the  edges  ; 
spec  gravity  2.2.  Before  the  blowpipe  it 
becomes  first  black,  then  red,  intumeaces, 
and  melts  into  a  white  compact  glass.  Its 
constituents  are,  silica  48.0,  alumina  24i.25, 
natron  16.5,  oxide  of  iron  1.75^  and  water 
9.  It  occurs  in  chalkstooe  porphyry  in  Wor- 
temberg  and  Bohemia,  and  in  the  trap-tuiT 
hill  named  the  Bin,  bdiind  Burntisland,  in 
Scotland. 

NECROMITE.  A  mineial  found  ncv 
Baltimore,  in  small  masses  of  a  white  cik 
lour,  in  limestone.  It  possesses  a  disagree^ 
able  odour. 

NEEDLE  ORE.  Acicular  bismuth 
glance^ 

NEEDLE  ZEOLITE.  Cdlour  grejF- 
ish-white  ;  massive ;  in  distinct  concretions, 
and  crystallized  in  acicular  rectangular  four- 
sided  prisms,  variously  acuminated  and  trun- 
cated. Hie  lateral  planes  are  longitudinally 
streaked;  glistening,  inclining  to  pearly; 
cleavage  twofold,  in  the  direction  of  iSie 
lateral  plane  of  the  prism  ;  translucoit ; 
refracts  double ;  as  hard  as  apatite ;  brittle ; 
spec.  grav.  2.3L     It  intumeaces  before  the 
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blowpipei  and  fonns  «  jeUy  with  adds.  It 
becomes  electric  by  heatings  and  retains  this 
property  some  time  after  it  has  cooled,  llie 
free  extremity  of  the  crystal,  with  the  acumi- 
nation,  shows  positiye,  and  the  attached  end 
negative  electricity.  Its  constituents  are, 
silica  50.24,  alumina  29.3,  lime  9.46,  water 
10.  It  occurs  in  secondary  tn^  rocks 
near  the  village  of  Old  Kllpatrick  in  Scot- 
land. 

NEPHELINE.  Rhomboidal  felspar. 
Colour  white ;  massive  and  crystellised. 
The  primitive  form  is  a  dirhomboid  of  162^ 
44^,  and  56^  15^.  Tlie  secondary  forms 
are,  a  perfect  equiangular  six-sided  prism ; 
the  same  truncated  on  the  terminal  edges ; 
and  a  thick  six-sided  table,  with  the  lateral 
edges  all  truncated.  The  crystals  form 
druses.  Lustre  splendent,  vitreous ;  cleav- 
age fourfold;  fracture  conchoidal;  trans- 
lucent and  transparent ;  as  hard  as  felspar ; 
sp.  gr.  2.6  to  2.7.  It  melts  with  diffi- 
culty  before  the  blowpipe.  Its  constituents 
are,  silica  46,  alumina  49,  lime  2,  oxide  of 
iron  1.  It  occurs,  in  drusy  cavities,  along 
with  ceylanite,  vesuvian,  and  meionite,  at 
Monte  Somma,  near  Naples,  in  granular 
limestone. 

NEPHRITE.  Of  which  mineral  there 
are  two  kinds ;  common  nephrite  and  ax&- 
stone. 

Common  Nephrite.  Colpur  leek-green; 
massive,  and  in  rolled  pieces ;  dull ;  frac- 
ture coarse  splintery ;  translucent ;  near- 
ly  as  hard  as  rock-crystal ;  difficultly  fran- 
gible ;  feels  rather  greasy  ;  rather  brittle ; 
sp.  gr.  3.  It  melts  before  the  blowpipe 
into  a  white  enamel.  Its  constituents  are, 
nlica  50.5,  magnesia  31,  alumina  10,  iron 
5.5,  chrome  0.05,  water  2.75.  Nephrite 
occurs  in  granite  and  gneiss  in  Switzerland ; 
and  in  veins  that  traverse  primitive  green- 
stone in  the  Hartz.  The  most  beautiful 
comes  from  Persia  and  Egypt.  The  South 
American  variety  is  called  Amazon  stone^ 
from  its  locality.     See  Axe-Stone. 

NERIUM  TINCTORIUM.  A  tree 
growing  in  Hindostan,  which,  according  to 
Dr  Roxburgh,  affords  indigo. 

NEROLI.    Volatile  oil  of  orange  flowers. 

NEUTRALIZATION.  When  add  and 
alkaline  matters  are  combined  in  such  pro- 
portions, that  the  compound  does  not  change 
the  colour  of  litmus  or  violets,  they  are  said 
to  be  neutralized. 

NICKEL  is  a  metal  of  great  hardness,  of 
«n  uniform  texture,  and  of  a  colour  between 
nlver  and  tin ;  very  difficult  to  be  purified, 
and  magnetical.  It  even  acquires  polarity  by 
the  touch.  It  is  malleable,  both  cold  and 
red-hot;  and  is  scarcely  more  fusible  than 
manganese.  Its  oxides,  when  pure,  are  re- 
ducible by  a  suffident  heat  without  com- 
bustible matter;  and  it  is  little  more  tar- 
'nished  by  heating  in  contact  with  air,  than 


pladna,  gold,  and  silver.      Its  sp.  gr.  when 
cast,  is  a279 ;  when  forged,  a666. 

I^Hckel  is  commonly  obtained  from  its  sul- 
phuret,  the  kupfemickel  of  the  Germans,  in 
which  it  is  generally  mixed  also  with  arsenic, 
iron,  and  cobalt.  This  is  first  roasted,  to 
drive  <|ff  the  sulphur  and  arsenic,  then  mixed 
with  two  parts  of  black  flux,  put  into  a  cru- 
cible^ covered  with  muriate  of  soda,  and 
heated  in  a  forge  furnace.  Hie  metal  thus 
obtained,  which  is  still  very  impure,  must 
be  dissolved  in  dilute  nitric  add,  and  then 
evaporated  to  dryness;  and  after  this  pro- 
cess has  been  repeated  three  or  four  times, 
the  residuum  must  be  dissolved  in  a  solu- 
tion of  ammonia,  perfectly  free  from  car- 
bonic add.  Bdng  again  evaporated  to  dry- 
ness, it  is  now  to  be  well  mixed  with  two  or 
three  parts  of  black  flux,  and  exposed  to  a 
violent  heat  in  a  crucible  for  half  an  hour  or 
more. 

According  to  Richter,  the  oxide  m  more 
easily  reduced,  by  moistening  with  a  little 
oil.  Thenard  advises  to  pour  chloride  of 
lime  on  the  oxide  of  nickel,  and  shake  them 
wdl  together,  before  the  ammonia  is  added  ; 
as  thus  the  oxides  of  cobalt  and  iron,  if  pre- 
sent, will  be  so  much  saturated  with  oxygeti 
as  to  be  insoluble  in  the  ammonia,  and  con- 
sequently may  be  separated. 

M.  Chenevix  observed,  that  a  very  small 
portion  of  arsenic  prevents  nickel  from  bdng 
affected  by  the  magnet.  Richter  found  the 
same.  When  it  is  not  attractible,  therefore, 
we  may  be  pretty  certain  that  this  is  present. 
To  separate  the  arsenic,  M.  Chenevix  boiled 
the  compound  in  nitric  add,  till  the  nickel 
was  converted  into  an  arseniate;  decom- 
posed this  by  nitrate  of  lead,  and  evaporated 
the  liquor,  not  quite  to  dryness.  He  then 
poured  in  alcohol,  which  dissolved  only  the 
nitrate  of  nickel.  The  alcohol  being  de- 
canted and  evaporated,  he  redissolved  the 
nitrate  in  water,  and  precipitated  by  potash. 
The  predpitate,  well  washed  and  dried,  he 
reduced  in  a  Hessian  crudble  lined  with 
lampblack,  and  found  it  to  be  perfectly  mag- 
netic ;  but  this  property  vras  destroyed  again, 
by  alloying  the  metal  with  a  small  portion  of 
arsenic.  Alloying  it  with  copper  weakens 
this  property. 

Nickel  and  cobalt  being  usually  associated, 
it  becomes  an  important  problem  to  separate 
them.     See  Cobalt,  et  infra. 

There  are  two  oxides  of  nickel ;  the  dark 
asli-grey,  and  the  black.  If  potash  be  added 
to  the  solution  of  the  nitrate  or  sulphate,  and 
the  precipitate  dried,  we  obtain  the  protoxidew 
It  may  be  r^arded  as  a  compound  of  about 
100  metal  with  28  of  oxygen ;  and  the  prime 
equivalent  of  the  metal  will  become  3.6^ 
while  that  of  the  protoxide  will  be  4.6.  The 
peroxide  was  formed  by  Thenard,  by  passing 
chlorine  through  the  protoxide  diffused  in 
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«inter.     A  bkck  imoloble  peroxide  remahii 
at  the  bottmn. 

Tbe  compotiiids  of  nickel  iwve  been  made 
the  subject  of  experiment  by  M.  Lasiaigne. 
FrctoxiiU  tf  NickeL  A  giren  ^^bt  of 
pura  nickel  was  diflM>lved  in  pure  nitric  acid, 
evaporaied  to  dfyneii,  and  decompoeed  by 
heat,  it  was  of  a  grey  colour,  soluble  in 
acida,  precipitated  by  alkalis,  as  a  hydrate,  &e. 
Composition, 

Nickd,  -  100 

Oxygen,  •  80 

2>e%Uoxide  of  NickeL  Obtained  by  diflVts- 
ing  hydrate  of  nickel  in  water,  and  psseing 
a  current  of  chlorine  through  it.  One  part 
is  dissolved,  and  the  other  becomes  peroxide. 
It  is  of  a  brilliant  black  colour :  heated,  it 
loses  oxygen,  and  becomes  protoxide.  Adds 
dlsBolTO  it,  liberating  oxygen,  except  muria- 
tic, which  disengages  chlorioeb  Its  compo- 
sition, ascertained  by  its  loss  of  weight  when 
heated,  appeared  to  be 

Nickel,  -  100 

Oxygen,  -  99.44; 

whence  the  prime  equuralent  of  nickel  seems 
to  be  5,  on  the  oxygen  scale. 

Su^^kuret  o/NUMi  prepared  directly  from 
its  elements,  b  of  a  yellow  colour,  like  iron 
pyrites,  and  very  brittle.     It  was  analysed 
by  calcination  with  nitrsb     Composition, 
Nickel,  -  100 

Sulphur,  -  41.3 

Chloride  o/Nickd,  prepared  by  evaporating 
the  muriate  to  dryness.  It  is  of  a  yellow- 
green  colour,  and  is  a  prMochloride.  Com- 
position, 

Nickel,         .  100 

Chlorine*  -         90 

When  the  abore  chloride  is  calcined  in  a 
retort,  one  portion  of  an  olive-green  colour 
remains  in  the  bottom  of  the  vessel,  while 
another  sublimes,  and  ciystallises  in  small 
light  brilliant  plates  of  a  gold-yellow  colour. 
These  are  the  deutochloride^  consisting  of 
Nickel,  -  100 

Chlorine,        -         200 
Iodide  of  Nickel,  obtained  by  heating  i5>dine 
and  nickel  in  a  tube.     It  is  a  brown  sub- 
stance ;  fusible ;  soluble  in  water,  colouring 
-h  of  a  light  green ;  and  composed  of 
Nickel,         -  100 

Iodine,        -  320 

jinn,  de  Chimie,  xxi.  855u 
M.  Berthier  has  given  the  following  as  an 
economical  way  of  preparing  pure  nickeL 
Speiss,  or  the  impure  nickel  of  commerce,  is 
to  be  reduced  into  fine  powder,  and  roasted 
until  it  gives  off  no  farther  vapours  of  arsenic, 
the  heat  being  at  first  moderate  to  prevent 
fusion,  and  then  increased.  Metallic  iron  in 
the  state  of  filings,  or  nails,  is  to  be  added  in 
a  quantity  which  ought  to  be  previously  de- 
termined, and  the  whole  disaolvcd  in  Ixriling 
nitr<Kmuriatic  acid,  so  much  nitric  acid  being 
used  that  no  protoxide  of  iron  shall  remain 


in  the  solution;  eraponlie  to  diywaai,  tmA. 
rediaiolTe  in  water,  when  a  isige  quantity  of 
arseniate  of  Iron  will  be  left.  Add  to  the 
solutions  successive  portions  of  carbonate  of 
soda,  until  a  greenish  precipitate  appears,  at 
which  time  alt  the  arsenic  and  iron  will  be 
separated,  and  part  of  the  copper :  the  rest 
of  the  copper  may  be  separated  by  sulphuret- 
ted hydrogen,  end  the  clear  solution  Ihtm 
obtained,  when  bailed  with  rarbonatp  of  aodi^ 
yields  the  caibonate  of  nickeL 

Thus  obtained,  the  caibonate  of  nielDd 
contains  a  Kttle  cobalt.  To  sqiarate  die  lat- 
ter, the  precipitate,  as  obtained  above  by 
boiling  with  caibonate  of  soda,  b  to  be  well 
washed,  and  difibsed  while  moist  in 
and  a  current  of  chlorine  in  excess 
into  it.  The  excess  of  chlorine  b  to  be  id- 
lowed  to  dissipate,  and  the  solution  b  to  be 
filtered.  It  now  contsins  not  the  smsUcst 
trace  of  cobalt,  which  metal  remttns  aa  a 
hydrated  peroxide^  with  a  certain  pottioQ  «f 
nk^el  in  the  same  statft-  Ann,  de  ChimMf 
XXV.  95. 

A  compound,  reacmbhag  meftcwic  msi^ 
has  been  made,  by  Aising  together  dboot  5 
or  10  parts  of  nickel  with  95  or  90  of  i 
Tile  meteoric  iron  from  Baffin's  Bay 
3  per  cent  of  nickel,  tiie  Siberian  cuntaius  10 
par  cent,  by  Mr  Children's  analysis.  See 
Jottmal  ofScienee,  voL  ix. 

The  salts  of  nickel  possess  the  following 
general  charactera.  Tliey  have  usually  a 
green  colour,  and  yield  a  white  precipitate 
with  fcrroprusBiate  of  potash.  Ammonia 
dissolves  the  oxide  of  nickeL  SulphureCtad 
hydrogen  and  infusion  of  gaUs  occasion  no 
precipitate.  The  hydmsulpfaurct  of  potadi 
Arows  down  a  black  precipitate, 
composition  has  been  very  imperfbctly 
tained. 

The  sulphuric  and  muriatic  adds  ha* 
little  action  upon  nickeL  Sulphate  of 
crystsllises  very  readily.  Its  primary  form 
b  conridered  by  M.  Mitscberlicfa  as  an  acute 
octohedron  with  a  square  base^  but  by  Mr 
Brooke  as  a  square  prism.  Its  composition 
is  given  by  M.  Mitscherlich  at 

Sulphuric  acid,  -  S8b51 
Oxide  of  nickel,  -  26.71 
Water,  -  44^78 


100.00 
Mr  R.  Phillips  has  published  analyse^ 
which  shew,  that  the  quantity  of  add  in  100 
of  tbe  square,  is  to  that  in  100  of  the  rhom- 
bic prisms  as  30  to  8&16.  Tbe  rhombic 
crystals  efBoresce  in  the  ur,  which  does  not 
happen  to  the  octohedral  variety.  Tbe  nitric 
and  nitro-muriatic  adds  are  its  most  a|^rop- 
riate  solvents.  The  nitric  solution  b  of  a  6ne 
grass-green  colour.  Carlionate  of  potaili 
throws  down  from  it  a  pale  apple-green  pre- 
dpitate,  which,  when  well  washed  and  dried, 
is  Tery  Hght    One  part  of  metal  gives  2.927 
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of  tfcif  pndpilate,  which,  by  eKpofOiv  to  «    of  air.     It  oztioguiabet  fltmo  «id  ta^m^ 
white  beat,  bcoomet  bladcuh-grty,   barely     life.     It  is  abaorbaUe  by  aboutlOO  Toluiaaa 


iacfining  to  gnuh  and  waghiog  only  1.38d.  of  water.      Its  specific  gnmty  is  0.9729, 

By  oootimiing  the  fire  it  is  reduced.  100  cubic  inches  weigh  89.05  giatiia.     It 

When  ammonia  is  added  in  excess  to  a  has  neither  taste  nor  smell, 

nitric  solution  of  nickel,  a  blue  predpitate  is  Quantities  of  aaote^  inappreciably  nunuta 

fignned,  which  changes  to  a  puiple-rad  in  a  by  other  tots,  may  be  detected  in  the  follow-. 

lew  hours,  and  is  eonterted  to  an  apple-green  ing  way. 

by  an  add.    If  the  precipitate  retain  its  blue  Put  a  small  piece  of  clean  sino-foil  into  a 

colour,  copper  is  present.     See  Salt.  glass  tube  sealed  at  one  end,  and  about  one- 

•   NICOTINE.     A  peculiar  principle  eb-  fourth  of  an  inch  in  diameter ;  drop  a  piece 

tained  by  VaaqueUn  from  tobacco.     It  is  of  potash  into  the  tube  over  the  sine ;  Intro, 

colourless,   and  has  the  peculiar  taste  and  duce  a  slip  of  turmeric  paper  slightly  mois* 

smdl  of  the  plant.     It  dissoUes  both  in  tenedattheextremity  with  pure  water,  retain* 

water  and  alcohol ;   is  volatile,   poiaonous,  ing  it  in  the  tube  in  such  a  position  that  the 

and  prcdpitable  from  its  solutions  by  tincture  wetted  portion  may  be  about  two  inches  Axxa 

of  galU-^^aik  de  Chimity  tom.  Ixzi.  the  potash ;  then,  holding  the  tube  in  an  in. 

MM.  Posselt  and  Reimann  give  the  fol>  dined  position,  apply  the  flame  of  a  spirit* 

lowing  formula  for  obtaining  pure  nicotines  lamp  so  as  to  melt  the  potash,  that  it  ma|t 

Boil  18  pounds  of  dry  tobacco  leaves  in  run  down  upon  the  sine,  and  heat  the  two 

water  addulated  with  sulphuric  acid ;  evapo-  whilst  in  contact,  taking  care  not  to  cause 


nUe,  and  treat  the  extract  with  alcohol  dilut-  such  ebullition  as  to  drive  up  the  potmh.    In 

M  with  a  ninth  of  water ;  add  a  little  water  a  second  or  two  the  tunneric  paper  will  be 

to  the  solution,  and  distil ;  add  hydrate  of  reddened  at  the  moistened  extremity,  provkl* 

litoe  to  the  aqueous  reriduunH  and  redistil,  ed  that  part  of  the  tube  has  not  been  heated. 

The  product  bring  mixed  and  agitated  with  On  removing  Ifae  turmeric  paper,  and  laying 

elber,  the  latter  is  to  be  poured  ofll^  and  a  the  reddened  portion  upon  the  hot  part  of 

fiesh  portion  added.    All  the  etbereous  sdu-  the  tube,  the  original  yellow  tint  will  be 

tkms  are  to  be  united  and  put  in  contact  restored ;  from  which  it  may  be  concluded 

with  muriate  of  lime,  which  will  take  away  that  ammonia  has  been  formed ;    a  result 

the  water ;  and  the  concentrated  ethereous  confirmed  by  other  modes  of  examination.-- < 

solution  being  evaporated  or  distilled,   will  Mr  Faraday  in  Journal  of  Sdenetj  xix.  17. 

leave  1 18  grains  of  reddish4m>wn  Nieotia,  as  If  sea-sand  after  ignition  be  handled,'  it 

they  call  it.  will  acquire  an  exotic  impregnation  from  the 

Pure  nicoda  is  limpid  and  liquid  at  81^  skin,  suflksient  to  yield  ammonia  by  turmo- 

F.  ;  its  odour  resembles  that  of  dry  tobacco ;  ric  paper  when  hesitcd  in  a  glass  tube  ;  which 

its  taste  n  very  acrid,  burning,  and  durable^  the  sand  itself  would  not  do.<— JN<f. 

It  is  denser  than  water,  volatiUaes  in  the  air.  It  unites  with  oxygen  i»  four  proportions^ 

and  boils  at  474^  F.     It  dissolvte  in  water  fonning  four  important  compounds.     These 

in  all  proportiens^  sad  the  solution  has  an  are,-— 

alkaline  reactioo.     When  dissolved  in  aloo*  i.  Pkotoxide  of  aaote^  or  nitrous  oxide, 

hoi  or  ether,  and  exposed  to  heat,  it  does  not  8.  Deutoxideof  aaote^  nitrous  gas,  or  nitrio 

distil  with  their  vapours.     Adds  take  the  oxide, 

nicolia  from  the  ethereous  solution,  and  fonn  S.  Nitrous  add. 

salts  insoluble  in  ether.     Oxalic  uad  tartaric  4.  Nitric  add. 

adds  are  said  to  form  crystaOisable  oom*  1.  IifUroiu  otAU^  or  praUmde  pfajute,  was 

pounds  with  it.  discovered  by  Dr  Prie^ley  in  1778,  but  waa 

NIGRINE.     An  oro  of  titanium.  first  accurately  investigated  by  Sir  H.  Davy 

NIHIL  ALBUM.      A  name  formerly  in  179a     The  best  mode  of  procuring  it,  ie 

given  to  the  flowers  or  white  oxide  of  sine.  to  expose  the  salt  called  nitrate  of  ammonia 

NITRATES.    Compounds  of  nitric  add  to  the  flame  of  an  Argand  lamp  in  a  glass 

with  the  salifiable  bases.  retort.    When  the  temperature  reaches  400^ 

NITRES     The  common  name  of  the  ni>>  F.  a  whitish  doud  will  begin  to  project  it- 

tmito  of  potash.     See  Acn)  (Niraic).  self  into  the  neck  of  the  retort,  accompanied 

NITROGEN,  or  AZOTE,  an  impoitant  by  the  copious  evolution  of  gas,  which  must 

elementary  or  undeoomposcd  prindple.     As  be  collected  over  mercury  for  accurate  re* 

it  constitutes  four-fifths  of  the  volume  of  searches,  but  for  common  experimenta  may 

aettnospheric  air,  the  readiest  mode  of  procur-  be  recdved  over  water.     It  has  all  the  phy- 


ing  aaote  is  to  abstract  ita  oxygenous  asso-  sical  properties  of  dr.     It  has  a  sweet  tasta^ 

date,  by  the  combustion  of  phosphorus  or  a  laint  agreeable  odour,  and  is  condensable 

hydrogen.     It  may  also  be  obtdned  from  by  about  ita  own  volume  of  water,  prerioudy 

animal  matters,  subjeeted  in  a  glass  retort  to  deprived  of  ita  atmospheiic  dr.     Hus  pio- 

tfae  action  of  nitric  add,  dilated  with  8  or  party  eitables  ns  to  determine  the  purity  of 

10  times  ita  wdght  of  water.  nitrous  oxides     A  taper  plunged  into  this* 

A«ote  powtBies  all  the  phyrical  properties  gas  bunn  with  great  brilliancy;  the  iame- 


NITROGEN."  636  l^ITROGEN. 

being  surrounded  with  a  bluish  Iiala     But  hare  made  on  o^iera ;  and  we  unpqte'it  to 

phosphorus  may  be  melted  and  sublimed  in  the  undoubted  power  of  the  gas  to  increne 

tt,  without  taking  fire.     When  this  combus-  the  sensibility  or  nervous  power,  beyond  any 

tible  is  introduced  into  it  in  a  state  of  vivid  other  agent,  and  probably  in  a  peculiar  maa- 

corobustion,  the  brilliancy  of  the  flame  is  ner. 

greatly  increased.     Sulphur  and  most  other         <*  Mr  Thomas  Pople.     At  first  unpleasant 

combustible  bodies  require  a  higher  degree  feelings  of  tension;  afterwards  agreeable  lux- 

of  heat  for  their  combustion  in  it,  than  in  urious  languor,  with  suspension  of  muscular 

either  oxygen  or  common  air.     This  may  be  power ;  lastly,  powers  increased  bodi  of  body 

attributed  to  the  counteracting  affinity  of  the  and  mind. 

intimately  combined  azote.      Its  sp.  gr.  is         *'  Mr  Stephen  Hammick,  surgeon  of  the 

1.5277.     100  cubic  inches  weigh  46.6  gr.  Royal  Hospital,  Plymouth.     In  a  small  dose^ 

It  is  respirable,  but  not  fitted  to  support  life,  yawning  and  languor.   It  should  be  observed 

Sir  H.  Davy  first  showed,  that  by  breathing  that  the  first  sensation  has  often  been  diaa- 

a  few  quarts  of  it,  contained  in  a  silk  bag,  greeable,  as  giddiness ;  and  a  few  persons, 

for  two  or  three  minutes,  effects  analogous  previoudy  apprehensive,  have  left  oflT  inhaling 

to  those  occasioned  by  drinking  fermented  as  soon  as  they  felt  this.     Two  larger  docea 

liquors  were  produced.      Individuals    who  produced  a  glow,  unrestrainable  tendency  to 

differ  in  temperament,  are,  however,  as  we  muscular  action,  high  spirits,  and  more  vivid 

might  expect,  differently  affected.  ideas.     A  bag  of  common  air  was  first  givea 

Sir  H.  Davy  describes  the  effect  it  had  to  Mr  Hammick,  and  he  observed  that  it 

upon  him  as  follows:— **  Having  previously  produced  no  effect     The  same  precaution 

closed  my  nostrils,  and  exhausted  my  lungs,  against  the  delusions  of  imagination  was  of 

I  breathed  four  quarts  of  nitrous  oxide  from  course  frequently  taken, 
and  into  a  silk  bag.     The  first  feelings  were         "  Mr  Robert  Southey  could  not  distinguish 

umilar  to  those  produced  in  the  last  experi-  between  the  first  effects  and  an  apprebensioa 

ment,  (giddiness) ;  but  in  less  than  half  a  of  which  he  was  unable  to  divest  himself 

minute,  the  respiration  being  continued,  they  His  first  definite  sensations  were  a  fulnesa 

diminished  gradually,  and  were  succeeded  by  and  diaziness  in  the  head,  such  as  to  induce' 

a  sensation  analogous  to  gentle  pressure  on  a  fear  of  falling.     This  was  succeeded  by  a 

all  the  muscles,  attended  by  an  highly  plea-  laugh   which   was  involuntary,   but  bigfaly 

surable  thrilling,  particularly  in  the  chest  and  pleasurable,   accompanied  with    a   peculiar 

the  extremities.     The  objects  around  me  be-  thrilling  in  the  extremities ;  a  sensation  per- 

came  dazzling,  and  my  hearing  more  acute,  fectly  new  and  delightfuL     For  many  boim 

Towards  the  last  inspiration  the  thrilling  in-  after  this  experiment,  he  imagined  that  his 

creased,   the  sense  of  muscular  power  be-  taste  and  smell  were  more  acute,  and  is  oer- 

came  greater,  and  at  last  an  irresistible  pro-  tain  that  he  felt  unusually  strong  and  cbeer- 

pensity  to  action  was  indulged  in.     I  recol-  ful.  In  a  second  experiment  he  feJt  pleasure 


lect  but  indistinctly  what  followed :  I  know  still  superior,  and  has  since  poetically 

that  my  motions  were  various  and  violent.  marked,  that  he  supposes  the  atmosphere  of 

*<  These  effects  very  soon  ceased  after  res-  the  highest  of  all  possible  heavens  to  be 

piration.     In  ten  minutes  I  had  recovered  compoMd  of  this  gas, 

my  natural  sUte  of  mind.     The  thrilling  in        •*  Robert  Kinglake,  M.  D.      Additional 

the  extremities  continued  longer  than  the  fteedom  and  power  of  respiration,  succeeded 

other  sensations.  by  an  almost  delirious,  but  highly  pleasurable 

"  The  gas  has  been  breathed  by  a  very  sensation  in  the  head,  which  became  universal 

great  number  of  persons,  and  almost  every  with  increased  tone  of  the  muscles.     At  last, 

one   has  observed  the  same  things.      On  an  intoxicating  placidity  absort>ed  for  five 

some  few,  indeed,  it  has  no  effect  whatever,  minutes  all  voluntary  power,  and  left  a  cheer- 

and  on  others  the  effects  are  always  painful,  fulness  and  alacrity  for  "several  hours.      A 

**  Mr  J.  W.  Tobin  (after  the  first  imper-  second  strongerdose  produced  a  perfect  trance 

feet  trials),  when  the  air  was  pure,  experi-  for  about  a  minute ;  then  a  glow  pervaded  the 

enced  sometimes  sublime  emotions  with  tran-  system.     The  permanent  effects  were  an  io- 

quil  gestures,   sometimes  violent  muscular  vigorated  feeling  of  vital  power,  and  improved 

action,  with  sensations  indescribably  exqui-  spirits.     By  both  trials,  particulariy  by  the 

site  ;    no   subsequent  debility-— no  exhaus-  former,  old  rheumatic  feelings  seenied  to  be 

tion ;  his  trials  have  been  very  numerous,  rerived  for  the  moment 
Of  late  he  has  only  felt  sedate  pleasure.     In         **  Mr  Wedgewood  breathed  atmospheric 

Sir  H.  Davy  the  effect  is  not  diminished.  air  first,  without  knowing  it  was  so.     He  d^ 

**  Mr    James    Thomson.       Involuntary  dared  it  to  have  no  effect,  which  confirmed 

laughter,  thrilling  in  his  toes  and  fingers,  him  in  his  disbelief  of  the  power  of  the  gas. 

exquisite  sensations  of  pleasure.     A  pain  in  After  breathing  this  some  timc^  however,  he 

the  back  and  knees,  occasioned  by  fatigue  threw  the  bag  ftom  him,  kept  breathing  on 

the  day  before,  recurred  a  few  minutes  aftier-  laboriously  with  an  open  mouih,  holding  hb 

wards.     A  similar  observation,  we  think,  we  nose  with  his  left  hand,  without  power  to  take 
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it  away,  though  aware  of  the  ludicrousneflB  of 
his  flituation :  all  his  muscles  seemed  to  be 
thrown  into  vibrating  motions ;  he  had  a  vi<^ 
lent  inclination  to  make  antic  gestures,  seem- 
bd  lighter  than  the  atmosphere,  and  as  if 
about  to  mount  Before  the  experiment,  he 
was  a  good  deal  fatigued  after  a  long  ride,  of 
which  he  permanently  lost  all  sense.  In  a 
second  experiment,  nearly  the  same  effect,  but  . 
with  less  pleasure.  In  a  third,  much  greater 
pleasure.**— £«i.  on  Nit,  Ox* 

I  have  often  verified  these  pleasurable  ef- 
fects on  myself  and  my  pupils.  The  causes  of 
failure,  in  most  cases,  I  believe  to  be  impure 
gas,  a  narrow  tube  or  stopcock,  or  precipitate 
breathing,  from  fear.  U  a  little  sulphate  or 
muriate  be  mixed  with  the  nitrate  of  ammo- 
nia, it  will  not  yield  an  intoxicating  gas.  I 
use'  a  pretty  wide  glass  tube,  fixed  to  the 
mouth  of  a  large  bladder.   . 

I  find  that  mice  introduced  into  a  jar  con- 
taining nitrous  oxide,  die  almost  instantly ; 
while  in  azote,  hydrogen,  and  carbonic  acid, 
they  struggle  for  a  little  while. 

This  gaseous  compound  may  be  analyzed 
by  the  combustion  of  hydrogen,  carbon,  or 
phosphorus  in  it.  If  we  mix  100  volumes 
of  nitrous  oxide  with  100  of  hydrogen,  and 
detonate  the  mixture  in  an  explosive  eudio- 
meter, nothing  will  remain  but  100  measures 
of  azote.  Hence  50  measures  of  oxygen,  the 
equivalent  quantity  of  100  of  hydrogen,  must 
have  existed  in  the  oxide.  It  therefore  con- 
sists of  100  measures  of  azote  -f-  50  of  oxy- 
gen, condensed  by  reciprocal  attraction  into 
only  100  measures. 
Now  100  vol.  of  azote  weigh  0.9722 

of  oxygen, 1^  :=  0.5555 
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1.5277 
This  synthetic  sum  exactly  coincides  with 
the  specific  gravity  of  the  compound.  It  is 
therefore  composed  by  weight  of  one  prime 
equivalent  of  azote^  ^1.75  63.64 
one  of  oxygen,  s=  1.00      36.36 

2.75    100.00 
The  weight  of  the  compound  prime  is  the 
same  with  that  of  carbonic  acid. 

Iron  wire  bums  with  brilliancy  in   the 
above  gas,  but  it  is  soon  extinguished. 

2.  DetUwride  of  axote^  or  nitric  oxide,  was 
first  described  by  Dr  Priestley  in  1772.  Into 
a  glass  retort,  containing  copper  turnings, 
pour  nitric  acid  diluted  with  six  or  eight  times 
its  quantity  of  water,  and  apply  a  gentle  heat. 
A  gas  comes  over,  which  may  be  collected 
over  water;  but,  for  exact  experiments,  it 
should  be  received  over  mercury.  Its  sp.  gr. 
is  1.0416.  100  cubic  inches  weigh  36.77 
grains.  Water  condenses  only  about  l-20th 
of  its  volume  of  nitric  oxide.  But  a  solution 
of  protosulphate  or  protomuriate  of  iron 
absorbs  it  very  copiously,  forming  a  dark 


coloured  liquid,  which  is  used  for  condensing 
oxygen  in  the  eudiometer  of  Sir  H.  Davy. 

When  a  jar  of  nitric  oxide  is  opened  in  the 
atmosphere,  red  fumes  appear  in  consequence 
of  the  absorption  of  oxygen,  and  formation  of 
nitrous  add.  When  an  animal  is  made  to 
inhale  this  gas,  it  is  instantly  destroyed  by 
the  formation  of  this  acid,  and  condensadon 
of  the  oxygen  in  its  lungs.  When  a  burning 
taper  is  immersed  in  this  gas,  it  is  extinguish- 
ed ;  as  well  as  the  flame  of  sulphur.  But 
inflamed  phosphorus  bums  in  it  with  great 
splendour.  A  mixture  of  hydrogen  gas  and 
nitric  oxide  bums  with  a  lambent  green  flame, 
but  does  not  explode  by  the  electric  spark,; 
though  Fourcroy  says  that  it  detonates  cm 
being  passed  through  an  ignited  porcelain 
tube.  The  pyrophorus  of  Homberg  sponta- 
neously bums  in  it. 

It  is  decomposable  by  several  of  the  metals, 
when  they  are  heated  in  it,  such  as  arsenic, 
zinc,  and  potassium  in  excess.  It  oxidises 
them,  and  affords  half  its  volume  of  azote. 
Charcoal  ignited  in  it  by  a  burning  glass  pro- 
duces half  a  volume  of  azote,  and  half  a  vo- 
lume of  carbonic  acid.  All  these  analytical 
experiments  concur  to  show,  that  nitric  oxide 
consists  of  oxygen  and  azote^  in  equal  vo- 
lumes. Hence,  if  we  take  the  mean  wdght 
of  a  volume  of  each  gas,  we  shall  have  that 
of  the  gaseous  compound ;  or,  its  sp.  gr. 

Sum.        Hf.  nun,  or  9.  gr. 

Aiote,     0.9722  >  2.0833  1.0416 

Oxygen,  1. 11 11  > 

If  we  convert  these  into  equivalent,  ratios, 

we  shall  have  the  gas  composed  of 

1  prime  of  azote  =s  1.75    46.66 

2  primes  oxygen  =s  2.00    53.33 

100.00 

When  this  deutoxide  is  exposed,  at  ordi- 
nary temperatures,  to  bodies  which  have  a 
strong  attraction  for  oxygen,  such  as  the  sul- 
phites, protomuriate  of  tin,  and  the  alkaline 
hydrosulphurets,  two  volumes  of  it  are  con- 
verted into  one  volume  of  the  protoxide.  We 
see  here,  that  when  one  prime  of  oxygen  is 
abstracted,  the  remaining  one  enters  into  a 
denser  state  of  union  wiUi  azote. 

For  the  habitudes  of  this  gasvrith  hydrogen, 
see  AUMONIA  ;  and  with  oxygen,  see  EuoiO- 
METEK,  and  NiTEic  and  Nrraocs  Acids. 

Azote  combines  with  chlorine  and  iodine 
to  form  two  very  formidable  compounds  :— 

1.  The  chloride  of  azote  was  discovered 
about  the  beginning  of  1812,  by  M.  Dulong ; 
but  its  nature  was  first  investigated  and  as- 
certained by  Sir  H.  Davy. 

Put  into  an  evaporating  porcelain  basin  a 
solution  of  one  part  of  nitrate  or  muriate  of 
ammonia  in  10  of  water,  heated  to  about 
100°,  and  invert  into  it  a  wide-mouthed 
bottle  filled  with  chlorine.  As  the  liquid 
ascends  by  the  condensation  of  the  gas,  oily- 
looking  drops  are  seen  floating  on  its  surface, 


NITROGEN. 


«S8 


NITROGBN. 


whieli  collect  ta^ethcr,  andlUl  to  tiiobotlein 
in  krge  globules.  Tfaie  is  ehkndt  of  aself. 
Bj  putting  a  thin  stntum  of  common  salt 
into  the  bottom  of  the  baain,  we  pfercnt  the 
decompoeition  of  the  chloride  of  aaote  by  the 
■mmoiiiacal  salt.  It  ihould  be  formed  only 
in  very  amallquantitiee.  Tbe  ehloruU  if 
wmU  thus  obtained  ia  an  oily-looking  liquid^ 
of  a  yellow  colour^  and  a  very  pungent  in- 
tolerable  odoor,  similar  to  that  of  chioroGar- 
bonous  add.  Ito  sp.  gr.  is  1.663.  When 
tepid  water  is  poured  into  a  glass  containing 
it.  It  eipands  into  a  volume  of  elastic  fluid, 
of  an  omige  colour,  which  dimimshes  as  it 
paases  through  the  water. 

^  I  attempted,**  says  Sir  H.  Davy,  *<  to 
collect  the  products  of  the  explosion  of  the 

-BOW  substance^  by  applying  tbe  heat  of  a 
spirit-lamp  to  a  globule  of  it  confined  in  a 
4iurved  glass  tube  orer  water:  a  little  gas 
Was  at  first  extricated  $  but  long  befora  the 

.  water  had  attained  the  temperature  of  ebulli- 

.tion,  a  violent  flash  of  light  was  perceived, 
with  a  sharp  report ;  the  tube  and  glass  were 

•  broken  into  small  fragments,  and  I  received 

.  a  severe  wound  in  the  transparent  tamta  of 
the  eye,  which  has  produc«i  a  considerable 
inflammation  of  the  eye,  and  obliges  me  to 
make  this  communication  by  an  amanuenas. 
Itiis  experiment  proves  what  eKi'sau  caution 
is  necessary  in  operatmg  on  this  substanee, 
fbr  tbe  quantity  I  need  was  scarcely  as  large 
as  a  grain  of  mustard-seed.*'— FbiL  IVsns. 
1813,  Part  I.     It  evaporates  pretty  rapidly 

.in  the  air;  and  in  oociio  it  expands  into  a 
vapour,  which  still  possessss  the  power  of 
exploding  by  heat.  When  it  is  cooled  arti- 
ficially in  water,  or  the  ammooiacal  solution, 
to  40^  Fahr.,  the  surrounding  fluid  congeals; 
but  when  alone,  it  may  be  surrounded  with 
a  mixture  of  ioe  and  muriate  of  lime,  with- 
out ffeexing. 

It  gradually  disappears  in  walsr,  producing 
asote ;  while  the  water  becomes  acid,  acquir- 
ing the  taste  and  smell  of  a  weak  solution  of 
n)tro*muriatic  acid. 

With  muriatic  and  nitric  adds,  it  yields 
aaote ;  and  with  dilute  sulphuric  add,  a 
mixture  of  asote  and  oxygen.  In  strong  so- 
lutions of  ammonia  it  detonates ;  vrith  weak 
ones,  it  affbrds  aaote. 

When  it  was  exposed  to  pure  mercury, 
out  of  the  contact  of  water,  a  white  powder 
(calomel)  and  asote  were  the  results.  *<  Hie 
siction  of  mercury  on  the  compound,**  says 
Sir  H.  **  appeared  to  offer  a  more  cmrect 
and  less  dangerous  mode  of  attempting  iu 
analysis;  but  on  introduring  two  grains 
under  a  glass  tube  filled  with  mercury,  and 
inverted,  a  violeM  detonation  occurred,  by 
which  I  was  slightly  wounded  in  the  head 
and  hands,  and  should  have  been  severely 
wounded,  had  not  my  eyes  and  flice  beMi 
defended  by  a  plate  of  glass,  attached  to  a 

.proper  cap ;  a  precaution  vefy  necessary  in  all 


inUFMngilkNis  of  titis  body***  ]?lilL  T^sbb. 
IS13,  Fsrt  II.  In  nsittg  amaHer  qomidtie^ 
and  recently  disdlied  mercury,  be  obiahieA 
Uie  resnHs  of  the  experiments,  witbont  wuf 
violence  of  action. 

FWmi  his  admirable  experimcnta  on  Aa 
analysis  of  this  formidable  substance,  by  mer- 
cury, by  muriatic  add,  and  IWim  tbe  diaoolo- 
ration  of  sulphate  of  indigo,  we  may  infer  its 
composition  to  be 

4  vd.  of  chlor.  sss  10  4  primesl&O 

1         of  asote  as    0.9722     1  1.75 

or  very  nearly  10  by  wdght  of  chiorine  to  1 
of  aaote 

A  small  globtile  of  it  thrown  into  a  glaas 
of  olive  dl,  produced  a  most  vident  explo- 
sion ;  and  the  glass,  though  strong  was 
brdcen  into  fragments.  Similar  effects  wcra 
producsed  by  its  action  on  dl  of  turpentiBe 
and  naphtha.  When  it  was  dnown  into  ether 
or  alcohol,  there  was  a  very  diglit 
When  a  particle  of  it  was  touched 
water  by  a  particle  of  pbosphcntis,  a 
light  was  percdved  under  the  wai 
permanent  gas  was  disengaged^  hating  the 
characters  of  asote. 

When  quantities  larger  than  a  grdn  «f 
mustard-seed  were  used  for  the  contact  with 
phosphorus,  the  explonon  was  always  ao 
vident  as  to  break  the  veaad  in  whidh  tfie 
experiment  was  made.  On  tin-foil  and  sine 
it  exerted  no  action ;  nor  on  sulphur  and 
resin.  But  it  detonated  most  violently  when 
thrown  into  a  solution  of  phosphonis  in  edier 
or  alcohoL 

llie  mechanicd  force  of  this  compound  iia 
detonation,  seems  superior  to  that  of  ady 
other  known,  not  even  excepting  the  aomo- 
niacd  fulminating  silver.  Tbe  vdodtj  of 
its  action  appears  to  be  likewise  greater.  I 
touched  a  minute  globule  of  it,  in  a  pintina 
spoon  resting  on  a  table,  vrith  a  fragaaeM  of 
pliasphorus  at  the  point  of  a  penknife,  llw 
blade  was  instantly  shivered  into  ftagncnts 
by  the  explosion. 

Messrs  Porrett,  Wilson,  and  Rupert  Kirk, 
brought  126  different  substances  in  oootact 
with  it.  Tbe  following  were  the  only  ones 
which  caused  it  to  explode  :-^ 

Supersulphuretted  hydrogen. 

Phosphorus. 

Phosphurst  of  lime. 

Fhosphnretted  camphor. 

Campboretted  dl. 

Fhoqihnretted  hydrogen  gas. 

Caoutchouc. 

Afyrrh. 

Pklmoil. 

Ambctgiis. 

Whale  dl. 

Linseed  oil. 

Olive  oil. 

Sulphuretted  dl. 

Oil  of  turpentine. 


tar. 
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pcCroleuD. 
orange  peeL 


Naphtha. 
SoapofiOfer. 
^^^^-~  mcfvuiy. 
^~^""*  coppev* 
kaiL 


manganese. 


Fused  potash. 

Aqueous  ammonia. 

Nitrous  gas.-— iViicA.  Joum,  toI.  34^ 
2.  Iodide  of  a%ote, — Aiote  docs  not  com- 
bine directly  with  iodine.  We  obtain  the 
combination  only  by  means  of  ammonia.  It 
iras  disoOTcred  hj  M.  Cowrtois»  and  carefnlly 
esamined  by  M.  Colin.  When  ammoniacal 
gas  is  passed  oier  iodine^  a  viscid  shining  li- 
(pnd  is  immediately  formed  of  a  brownish* 
Uack  colour,  which,  in  proportion  as  it  is 
turated  with  ammonia^  losca  its  lustre  and 
viscosity.  No  gas  is  disengaged  during  the 
formation  of  tbia  liquid,  which  may  be  calt 
ad  iadidt  ofammomku  It  is  not  fulminating. 
Wlien  diisolTed  in  water,  a  part  of  the  ammo* 
ina  is  decomposed;  ita  hydrogen  foims  hy- 
dfiodie  acid ;  and  its  aaote  combines  with  a 
portion  of  the  iodine^  and  ibrma  the  fulmw 
nating  powder.  We  may  obtain  the  iodide 
Of  aaote  directly,  by  putting  polvemlent 
iodine  into  oomason  water  of  ammonia.  This 
indeed  is  the  best  way  of  preparing  it ;  for 
the  water  is  not  decomposed,  and  seena  to 
concor  i&  the  production  of  thb  iodide,  only 
by  determining  the  formation  of  hydiiodate 
of  ammonia* 

The  iodide  of  aaote  is  pnWemlent,  and  of 
n  bfownish-blacic  colour.  It  detonates  from 
the  smallest  sboclc,  and  from  heat,  with  a 
feeble  violet  vapour.  When  properly  pr^ 
pared,  it  often  detonates  spontaneously* 
Heiioe^  aAer  the  black  powder  is  formed,  and 
tiie  liquid  ammonia  decanted  ofl^  we  must 
kare  the  capsule  oontuning  it  in  perfect 


Wb40  ihia  iodide  is  pot  into  potash  water, 
aiole  is  disengaged,  and  the  same  products 
are  obtained  as  when  iodine  is  dissolved  in 
that  alkaline  lixivium.  Hie  hydriodate  of 
ammonia,  which  has  the  property  of  dissohr- 
Ing  a  great  deal  of  iodine,  gradually  decent 
poses  the  fulminating  powder,  while  aaote  b 
set  at  liberty.  Water  itself  has  this  property, 
theiigh  In  a  much  lower  degrees  As  the 
elements  of  iodide  of  awte  are  so  feebly 
united,  it  ought  to  be  prepared  with  great 
precautions,  and  should  not  be  preserved. 
In  the  act  of  transferring  a  little  oi  it  from 
a  platim  capsule  to  a  piece  of  paper,  the 
■whole  exploded  in  my  hands,  though  the 
friction  of  the  particles  on  each  other  waa 
inappreciably  smalL 

Both  Sir  H.  Davy  and  M.  Gay  Lussac 
have  exploded  their  iodide  in  glass  tubes,  and 
collected  the  rcsnifs.    Tbelattar  states, .« that 


if  we  deoQmpose  a  gramme  (I&.4i4  gnias) 
ef  the  lulminating  powder,  we  obtain,  at  the 
ftsoopemture  of  32P,  and  under  the  picssma 
of  dO  inches  of  mercury,  a  gaseous  mixture 
amounting  to  a  1152  litre,  (7.03  cubic  in* 
ehes),  and  composed  of  0.0864  of  the  vapour 
of  iodine^  and  0.0286  of  aaote."— ^Inn.  de 
Ckmu  xd.  Now,  0.0664  is  to  0.0268  aa 
3  to  1  exactly.  Thcrefera  the  detonating 
powder  consists  of 

3  vols,  of  the  va.  of  iodsa 63X^^25. 89 
1  voL  of  asote  ^  a=  0.9722 

or  reduced  to  the  oxygen  equivalent  scale,  it 
consuta  of 

3  primes  of  iodine  ss  46.5        96.37 
1  aaote  s=s    1.75        a63 


100.00 
Axote  has  hitherto  resisted  all  attempts  to 
decompose  it.  Sir  H.  Davy  volatilised  the 
highly  combustible  metal  potassium  in  azote 
over  mercury,  and  passed  the  voltaic  flame 
of  2000  double  plates  through  the  vapour; 
but  the  azote  underwent  no  change.  He 
made  also  many  other  attempts  to  decompose 
it,  but  they  were  unsuccessful. 

In  my  experiments  on  the  ammoniacal 
salts,  I  found,  that  when  dry  lime  and  mu- 
riate of  ammonia  were  ignited  together  in  a 
Reaumur  porcelain  tulM^  connected  with 
water  in  a  Woolfe's  apparatus,  a  portion  of 
nnmonia  oooatantly  disappeared,  or  was  an^ 
nihilated,  while  nothing  but  water  was  ob- 
tained to  replace  that  loss.  *<  Of  the  tight- 
ness of  the  apparatus  I  am  well  assured. 
Indeed,  I  have  p<arfonned  the  experiment 
with  a  continuous  glass  tube,  sealed  and  bent 
down  at  one  end  like  a  retort,  while  the 
other  end  was  drawn  into  a  small  tube»  which 
passed  under  a  jar  on  the  mercurial  pneu- 
matic shelf.  The  middle  part  was  kept  ho- 
rizontal, and  artificially  cooled :  The  sealed 
end  contained  the  mixture  of  lime  and  sal 
ammoniac  A  brush  flame  of  a  huge  alcohol 
blowpipe  was  made  to  play  very  gently  on 
the  end  of  the  tube  at  first,  but  i&rwards 
so  powerfully,  as  to  keep  it  ignited  for  some 
time.  The  sal  ammoniac.recovered  did  not 
exceed  three-fourths  of  that  originally  env- 
ployed."  The  sal  ammoniac  was  regenerat- 
ed by  saturating  the  ammonia  with  muriatic 
add,  and  cautious  evaporation.— See  ^mu  of 
PhiL  September  1817. 

Hie  strongest  arguments  for  the  compound 
natura  of  aaote  un  derived  from  its  slight 
tendency  to  combination,  and  from  its  being 
found  abundantly  in  the  organs  of  lim'mals 
which  feed  on  sulwtances  that  do  not  contsin 
it. 

Its  uses  in  the  economy  of  the  globe  are 
little  understood.  This  is  likewise  fiivour- 
able  to  the  idea  that  its  real  chemical  nature 
is  as  yet  unknown,  and  leads  to  the  hope  o^ 
its  being  decomposable. 

It  would  appear  that  the  atmospheric  asote 
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and  oiygeo  tpontaneoiulj  combiiie  in  other 
proportions,  under  certain  drrumstancefl,  in 
BatiirBl  operations.  Thus  we  find,  that  mild 
calcareous  or  alkaline  matter  fSnrours  the  for- 
mation of  nitric  add  in  certain  regions  of 
the  earth ;  and  that  thej  are  essential  to  its 
production  in  our  artificud  arrangements  for 
forming  nitre  from  decomposing  animal  and 
Tegetable  substances. 


NITROUS  ACID.  8ceAGn>(KiiBOos). 

NOBLE  MET AL&    TUsafamd 
has  been  bestowed  on  the 
gold,  alTer,  and  platina. 

NUCLEUS    OF    CRTSTAL& 
Ceystaluzation. 

NOVACULITE. 

NUX  VOMICA. 
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OATSw  The  avena  saiiva  analyzed  by 
Vogel  gave^ 

Fecula,  59.00 

Albumen,  4.30 

Gum,  2.50 

Sugar,  and  Intter  principle,     8.25 
Fat  oil,  2.00 

Some  salts. 
These  results  differ  much  from  those  ob- 
tained by  Sir  H.  Davy,  who  found  oats  to 
contain  six  per  cent  of  gluten. 

OBSIDIAN.  Of  this  mineral  there  are 
two  kinds,  the  translucent  and  tran^iarent. 

1.  Translucent  Obsidian.  Colour  yelvet- 
black ;  massive ;  specular  splendent ;  fracture 
perfect  conchoidal ;  translucent,  or  translu- 
cent on  the  edges ;  hard ;  very  brittle ;  easily 
fWmgible;  streak  grey;  sp.  gr.  2.37.  It 
melts,  or  becomes  spongy  before  the  blow- 
pipe. Its  constituents  are,  silica  78,  alu- 
mina 10,  lime  1,  soda  1.6,  potash  6^  oxide 
of  iron  I.— Tau^.  It  occurs  in  beds  in 
porphyry,  and  various  secondary  trap  rocks 
in  Iceland  and  Tokay. 

2.  Transpareni.  Colour  duck  blue ;  mas- 
sive, and  in  brown  grains  ;  splendent ;  frac- 
ture perfect  conchoidal;  perfectly  transpa^ 
rent;  hard;  brittle;  sp.  gr.  2.36.  It  melts 
more  easily  than  the  translucent  obsidian, 
and  into  a  white  muddy  glass.  Its  consti- 
tuents are,  silica  81,  alumina  9.5,  lime  0.33» 
oxide  of  iron  0.60,  potash  2.7,  soda  4.5, 
water  0,5.^-'jriaproth.  It  occurs  imbedd- 
ed in  pearlstone- porphyry.  It  is  found  at 
Marekan,  near  Ocbotsk  in  Siberia,  and  in 
the  Serro  de  las  Novajas  in  Mexico. 

OCH RE.     An  ore  of  iron. 

OCHROITS.     Cerite. 

OCTOHEDRITE.  Pyramidal  titanium 
ore. 

ODOUR.  The  emanation  of  ao  odorife- 
rous body  is  generally  ascribed  to  a  portion 
of  the  body  itself,  converted  into  vapour.  M. 
Robiquet,  from  a  series  of  experiments  pub- 
lished in  the  Ann.  de  Chimie  et  de  Physique 
XV.  27.  thinks,  that  in  many  cases  the  odour 
is  owing,  not  to  the  substance  itself,  but  to  a 
gas  or  vapour  resulting  from  its  combination 
with  an  appropriate  vehicle,  capable  of  dif- 
fusion in  space. 

OETITES.     CUiy  ironstone. 


OIL  OP  VITRIOL.     See  Acid  (Sctl- 

PHURIC). 

OIL.  Tbe  distinctive  characters  of  oQ 
are,  inflammabiliQr,  insolubility  in  water,  and 
fluidity,  at  least  in  a  modenUe  temperatureu 
Oils  are  distinguished  into  fixed  or  firt  oiii^ 
which  do  not  rise  in  distillation  at  the  tcB»* 
perature  of  boiling  water ;  and  volatile  <ir  c»« 
sential  cnls,  which  do  rise  at  that  tempcratore 
with  water,  or  under  320®  by  themsdvea. 

When  exposed  to  the  action  of  the  air»  the 
oils  by  degrees  lose  their  liquidity,  tfaickcn; 
and  occasionally  become  hanL  Snch  as  be- 
come indurated,  so  as  not  to  stain  paper  when 
applied  to  it,  take  the  name  of  drying  oOs; 
as  linseed  oQ,  poppy  seed  oil,  nut  oil,  &er 
Such  as  do  not  huden  in  this  way  are  called 
unctuous  <rils ;  as  olive  oil,  almond  oil,  rape- 
seed  oil,  &C.  In  this  change  no  water  is 
formed ;  some  carbonic  add  gas  is  evolved, 
but  not  nearly  equivalent  to  the  volume  of 
oxygen  ab8ort>ed.  The  recent  fixed  oils,  aays 
M.  de  Saussure,  exercise  on  oxygen  hardly 
any  perceptible  action  for  a  long  time  ;  bi^ 
they  suddenly  suffer  a  change  of  state,  which 
enables  them  to  absorb  at  least  100  times 
more  of  it  than  volatile  oils  would  do  in  the 
same  time.  A  layer  of  nut  <m1,  three  lines 
thick  and  two  inches  diameter,  laid  on  mer- 
cury in  the  shades  in  pure  oxygen  gas,  ab- 
sorbed only  a  volume  equal  to  tiirice  its  own 
during  eight  months,  namely,  between  De- 
cember ami  August,  but  during  the  ten  fol- 
lowing days  it  absorbed  60  times  its  votume. 
This  absorption  continued  afterwards  to  pro- 
ceed with  more  slowness  till  the  end  of 
October,  when  the  farther  diminution  of  tbe 
gas  became  neariy  insensible.  By  this  time 
the  oil  had  absorbed  145  times  its  bulk  of 
oxygen,  and  bad  formed  21  volumes  of 
carbonic  acid  gas.  No  water  was  produced  ; 
but  the  oil  had  become  a  mass  of  transparent 
jelly,  which  did  not  stain  paper.  Hiis  sud- 
den change,  at  a  certain  crisis,  in  the  state 
of  the  drying  oils,  explains  the  qpontaneous 
inflammations  which  thqr  are  known  to  pro- 
duce, and  of  which  the  volatile  oils  afford 
no  examples. 

Sulphur  and  phosphorus  dissolve  in  the 
fixed  oils  by  the  aid  of  lieat ;  and  the  former 
may  be  obtained  in  crystab  as  the  solution 
cools.     Iodine,   and   particulariy 
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abstract  fVom  tfaem  a  certain  quantity  of  hydro- 
gen at  ordinary  temperatures,  and  form,  the  one 
hydriodic  acid,  and  the  other  muriatic  acid. 

These  oils  are  absolutely  insoluble  in  water ; 
but  dissolve  with  more  or  less  facility  in 
alcohol  and  ether.  Saussure  states,  that  this 
solubility  increases  with  the  quantity  of  oxy- 
gen they  naturally  contain  or  have  absorbed. 

Most  of  the  powerful  acids  are  capable  of 
combining  with  oils,  and  forming  pasty  and 
unctuous  compounds.  When  oils  are  boiled 
with  water  and  alkaline  oxides,  they  are  re- 
solved into  roargaric  and  oleic  acids,  and  the 
sweet  principle  of  oils.  See  Fat. 
Oil  ofolives  consists  of  oleine  72  8tearine28 
sweet  almonds  76  24 

cobsa  54  46 

Only  five  fixed  vegetable  oils  have  been 
hitherto  analyzed ;  olive  oil  by  MM.  Gay 
Lussac  and  Thenard,  and  the  other  four  by 
M.  Saussure. 


Oils. 
Olive, 
Nut, 

Sweet  aim. 
Linseed, 
Castor  oil, 


Carb.      Hydrog.     Oxyg.     Nitrog. 
77.21     ia36       9.43 
79.774  10.570    9.122  0.534 
77.403  11.461  10.828  0.288 
76.014  11.351   12.635 
74.178  11.034  14.788 
By  my  analysis  {PhiL  Trans,  for  1822)  castor 
oil  consists  of— 

74.00  10.29  15.71 
b^ng  an  exact  accordance  in  the  carbon, 
and  a  very  slight  difference  in  the  other 
constituent,  possibly  due  to  the  difference  of 
the  oils.  Oiu*  methods  of  analysis  were  dis- 
similar. 

Fixed  oils  differ  greatly  in  their  specific 

gravities,  as  appears  from  the  following  table : 

Cacao,  0.892 

Rape-seed,      0.913 

OUves,  0.913 

0.917 

0.923 

0.923  to  0.947 
0.932 
0.939 
0.939 
0.941 
0.968 
Spermaceti  oil  by  my  analysis  consists,  in 
100' parts,  of  carbon  7a91,  hydrogen  10.97, 
oxygen  10.12,  or 

Carbon,  10  atoms  7.5 '  78.0 
Hydrogen,  8  do.  1.  11.5 
Oxygen,        1     do.        1.000  10.5 

100.0 


Ben, 

Beech-nut, 

Walnuts, 

Almonds, 

Linseed, 

Poppies, 

Hazel-nuts, 

Oil  of  palm, 


In  other  terms,  9  atoms  olefiant  gas,  1  car- 
bonic oxide,  and  1  carbon. 

OILS,  VOLATILE.  These  are  also 
called  essential,  as  the  substances  in  which 
the  essences  or  odour  of  the  vegetable  king- 
dom mostly  reside.  These  oils  are  acrid, 
caustic,  aromatic,  and  limpid.  Several  of 
them  are  coloured ;  some  yellow,  others 
brown,  a  few  green  and  blue ;  but  these  co- 
lours are  probably  owing  in  all  cases  to  fo- 
reign substances.  Although  they  seem  so 
ready  to  exhale,  yet  they  do  not  boil  till  fully 
100^  Fahr.  above  the  boiling  point  of  water. 
When  they  are  enclosed  along  with  oxygen 
in  a  glass  tube  over  mercury,  they  gradually 
absorb  a  large  portion  of  that  gas,  assume 
more  consistence,  and  eventually  become 
solid  bodies,  similar  in  appearance  to  resins. 
Atmospheric  air  induces  similar  attractions. 
M.  de  Saussure  states,  that  the  concrete  oil 
of  anise  bad  absorbed  156  times  its  volume 
of  oxygen  in  2  years ;  and  the  oil  of  laven- 
der 52  times  its  volume  in  4  winter  months ; 
and  that  the  first  formed  56  volumes  of  car- 
bonic acid  gas,  and  the  second  only  2.  No 
traces  of  water  were  observed  in  dther.  All 
of  them  dissolve  in  small  quantity  in  water, 
and  abundantly  in  alcohol ;  this  solution  be- 
ing richer,  the  stronger  the  spirit,  and  the 
more  oxygenated  the  oil.  Such  alcoholic  so^ 
lutions  are  called  spirits  by  the  perfumers. 
They  are  decomposable  by  water,  which 
causes  miikiness  by  the  separation  of  the 
oil. 

The  essential  oils  can  absorb  a  large  quan- 
tity of  muriatic  acid  gas,  and  neutralize  a 
portion  of  it.  Some  of  them,  as  x)il  of  tur- 
pentine and  lemons,  thereby  acquire  the  pro- 
perty of  crystallizing,  and  afford  a  substance 
like  camphor.  Tbe  essential  oils  combine  in 
every  proportion  witli  the  fixed  oils.  They 
dissolve  resins,  camphor,  and  even  caout- 
chouc ;  properties  on  which  the  art  of  var- 
nishing is  founded.  They  do  not  saponify 
with  alkalis  like  the  fixed  oils.  The  com- 
pound of  oil  of  turpentine  and  soda,  called 
Starkey*$  soap,  is  an  imperfect  combination  of 
this  kind.  The  essential  oils  are  mostly  pro- 
cured by  distillation  of  the  plant  along  with 
water.  The  saturated  water  is  returned  on 
fresh  plants,  and  the  oil  is  found  to  float  on 
the  redistilled  water,  or  in  a  few  cases  at  its 
bottom. 

The  following  table  exhibits  the  results  of 
M.  de  Saussure's  analyses  of  some  of  these 
oils:— 


Oil  of  lemons. 
Turpentine  rectified, 
Lavender         do. 
Rosemary        do. 
Common  oil  of  anise, 
Concrete  oil  of  anise, 
Common  oil  of  rose. 
Concrete  oil  of  rose, 


Carbon. 

Hydrogen. 

Oxygen. 

Nitrogen. 

8a899 

12.326 

0.775 

87.788 

11.646 

0.566 

75.50 

11.07 

13.07 

0.36 

82.21 

9.42 

7.73 

0.64 

76.487 

9.352 

J  3. 821 

0.34 

83.468 

7.531 

a54i 

0.46 

82.053 

]ai24 

a949 

0.874 

86.743 

14.889 

Ss 
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These  concrete  oils  were  obtained  by  pres- 
sure of  the  common  oil  in  blouing  paper. 
.  Oil  of  turpentine  g«ve  me,  in  analysis, 
ctebon  82.61,  hydrogen  9.62,  oxygen  7.87; 
Or  Carbon,       14  atoms     10.5      82.35 
Hydrogen,  10    do.         1.25      9.80 
Oxygen,       1    da         1.00      7.85 

PhiL  Tmns.  1822. 

Many  of  the  easeniial  oils,  on  exposure  to 
air,  have  an  acid  fonned  in  them,  which, 
crysCalKzing  In  acicuUr  Aecdles,  may  be  sepa- 
rated. M.  Biaio  finds  that  oil  of  cassia  affords 
the  largest  quantity  of  this  substance,  a  few 
days  only  being  required  for  its  formation. 
Hie  collected  the  crystals,  and  separated  them 
from  the  adhering  oil,  either  by  means  of 
Ubulods  paper,  or  by  heating  them  in  a  weak 
solution  of  cartx>nate  of  potash,  filtering  the 
solution  of  the  saline  toropound  fhmi  the 
insoluble  oil,  boiling  it  with  animal  charcoal, 
after^rards  decomposing  the  salt  by  muriatic 
acid,  and  separating  the  acid  in  question  by 
alcohol*  This  acid  agrees  with  benzoic  in 
some  properties,  but  differs  in  others.  It 
has  neltlieir  taste  nor  odour;  it  fuses  and 
auhlimes  by  heat,  condensing  again  in  bril- 
liant crystals ;  it  bums  in  the  air  with  flame ; 
dissoWes  Tsry  sparingly  in  cold  water,  bat 
fiit  nlore  readily  in  boiling  water,  from  which 
the  acid  crystallises  as  the  liquid  coojs.  Cold 
sulphuric  add  decomposes  it,  and  hot  con- 
verts it  into  a  black  carbonaceous  matter. 

When  the  essential  oUs  are  longer  exposed 
to  the  air,  M.  Bizio  says  that  resin  and  acetic 
acid  are  genetated.  These  changes  took 
place  with  oil  of  cinnamon,  of  mint,  and 
others.  At  a  low  temperature  M.  Bisio  se- 
parated the  volatile  oils  into  a  thin  liquid,  and 
into  a  concrete  part,  corresponding  somewhat 
to  the  elain  and  stearine  of  Chevreul.  The 
fluid  he  calls  Igrutina,  the  solid  Senmna, 

MM.  Boissenot  and  Perset  observed,  that 
oil  of  turpentine,  after  exposure  to  air,  yield- 
ed on  distillation  a  very  acid  liquid,  consist- 
ing of  acetic  acid,  and  a  substance  which 
crystallized  Upon  cooling.  These  crystals 
were  colourless  and  transparent,  inodorous, 
insipid,  very  slightly  soluble  in  cold  water, 
but  very  soluble  in  hot  water :  they  were 
similarly  afifected  by  alcohol  and  ether. 
Strong  acids  dissolved  this  substance,  but  it 
was  not  affected  by  alkalis."  It  consisted  of 
oxygen,  hydrogen,  and  carbon.  It  does  not 
exist  in  recently  distilled  oil  of  turpentine. 
.  Vauquelin  has  shown  that  volatile  oils,  as 
oil  of  laveuder,  absorb  pure  acetic  acid  in 
very  large  quantities,  the  greater  part  of  which 
they  give  up  to  water  by  agitation  with  it. 
Oil  of  turpentine  combines  largely  with  al- 
cohol, forming  a  homogeneous  body.  This 
effect  is  produced  by  a  solution  of  the  alco- 
hol in  the  oil ;  for  1  part  of  alcohol  cannot 
be  supposed  to  dissolve  5  of  oil.  When  that 
compound  is  long  and  repeatedly  agitated 
witli  water,  the  whole  alcohol  cannot  be  sepa- 


rated— about  one.t#alftti  of  the  vohimo  re- 
maining combined  without  our  being  ablejto 
perceive  iit  if  it  be  not  by  the  specific  gravityt 
which  is  a  little  diminished.  By  repeated 
lotions  with  much  water  the  alcohol  may  b* 
all  finally  removed.—- ^an.  de  CAmn.  six. 
279. 

If  the  pemitrate  of  mercury,  made  by  dis- 
solving 6  parts  of  mercury  in  7.5  parts  <if 
nitric  add,  of  sp.  gr.  1.36^  at  common  tsia- 
peratures,  be  mixed  with  olive  oil,  in  the 
course  of  a  fe#  hours  the  mixture,  if  kept 
cold,  becomes  solid ;  but  if  mixed  with  the 
oil  of  grains,  it  does  not  solidify.  M.  Pontat 
proposes  therefore  this  substance  as  a  test  of 
the  purity  or  adulteration  of  olive  oil ;  lor 
the  resulting  mixture,  after  standing  12  hours, 
is  more  or  less  solid,  as  the  oil  is  more  or 
lesrt  pure.  The  nature  of  the  white,  hard^ 
and  opdque  mixture^  formed  by  olive  oil  and 
the  nitrate  of  mercury,  has  not  been  asccr* 
tained.  See  Ac3]>  (Maboabic),  Elain,  and 
Fat. 

OIL  OF  AMBER.  When  amber  is 
distilled  in  a  retort,  it  yUAda  about  one-third 
ite  weight  of  a  fetid  brown  oil,  which  is  oc- 
casionally used  as  aa  antispasBMdic  in  mcds- 
dne. 

OIL  GAS.  It  has  been  long  known  to 
chemists,  that  wax,  oil,  tallow,  &c.  when  pass- 
ed through  ignited  tubes,  are  resolved  into 
combustible  gaseous  matter,  which  bums  with 
a  rich  light.  Messrs  Taylor  and  Martineeu 
have  avdled  themselves  skilfully  of  this  lac^ 
and  contrived  an  ingenious  apparatns  for 
generating  oil  gas  on  the  grtet  scak^  aa  a 
substitute  for  ouidles,  lamps,  and  coal  gas. 
I  shall  insert,  here,  a  brief  account  of  their 
improvements. 

The  advantages  of  oO  gas,  when  contrasted 
with  coal  gas,  are  the  following  -.—The  ma- 
terial from  which  it  is  produc«l  containing 
no  sulphur  or  other  matter  by  which,  the  gas 
is  contaminated,  there  are  no  objectioos  to  its 
use  on  account  of  the  suffocating  smell  in 
close  rooms.  It  does  no  sort  of  injury  to 
furniture,  books,  plate»  pictures,  paint,  &c. 
All  the  costly  and  offensive  operation  of 
purifying  the  gas  by  lime,  &c.  is  totally 
avoided  when  it  is  obtained  from  oiL  No- 
thing is  contained  in  oil  gas  which  can  possi- 
bly injure  the  metal  of  which  the  oonveyanoe 
pipes  are  made. 

The  economy  of  light  from  oil  gas  m^  be 
judged  from  the  following  table  :— 

Argand  burner  oil  gas,  per  hour,     \d, 
Argand  lamps  spermaceti  <m1,         3d, 
Mould  candles,  -  •         3^ 

Wax  candles,  -  -  Iw. 

llie  oil  gas  haa  a  material  advantage  over 
coal  gas,  fnm  ito  peculiar  richness  in  olefiant 
gas,  which  renders  so  smaU  a  voittme  neces- 
sary, that  one  cube  foot  of  cSt  gas  will  be 
found  to  go  as  far  as  fbur  of  coal  gas.  This 
circumstance  is  of  great  importance,  as  it 
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rediicci  m  ^be  some  proportxon  the  nse  of  the 
gasometers  whicli  are  necessary  to  contain  it : 
this  is  not  only  a  great  saving  of  expense  in 
the  construction^  but  is  a  material  conTeni- 
«nce  where  room  is  limited. 

In  the  course  of  their  first  experiments, 
Messn  John  and  Philip  Taylor  were  sur- 
prised to  find,  that  the  apparatus  they  em- 
ployed gradually  lost  its  power  of  decompos- 
ing oil  and  generating  gas.  On  investiga^ 
tion  they  discovered,  that  the  metallic  retorts 
which  had  originally  decomposed  oil  and 
produced  gas  in  abundance^  ceased  in  a  very 
great  d^ree  to  possess  this  power,  although 
no  visible  change  had  taken  place  in  them. 

Tlie  most  perfect  cleaning  of  the  interior 
of  the  retost  did  not  restore  tike  effect,  and 
some  alteration  appears  to  be  produced  on 
the  iron  by  the  action  of  the  oil  at  a  high 
temperature. 

Fortunately  the  experiments  on  this  sub- 
ject led  to  a  most  &vourable  result,  for  it  was 
fonnd,  that  by  introducing  fragments  of  brick 
into  the  retorts,  a  great  increase  of  the  decom^ 
posing  power  was  obtained,  and  the  apparatus 
has  been  much  improved  by  a  circumstance 
which  at  one  time  appeared  to  threaten  its 
success* 

A  small  portion  of  the  oil  introduced  into 
the  retort  still  passed  off  undecomposed,  and 
being  changed  into  a  volatile  oil,  it  carried 
with  it  a  great  portion  of  caloric,  which  ren- 
dered the  construction  of  the  apparatus  more 
difficult  than  was  at  first  anticipated ;  but  by 
the  present  arrangement  of  its  parts,  this  dif- 
ficulty is  fully  provided  for,  and  the  volatu 
lixed  oil  is  made  to  return  into  the  oil  reser- 
voir, from  whence  it  again  passes  into  the 
retort,  so  that  a  total  conversion  of  the  whole 
into  gas  is  accomplished  without  trouble,  or 
the  escape  of  any  unpleasant  smell. 

A  general  idea  of  the  process  may  be 
ibrmed  from  the  following  account  of  it  :— 
A  quantity  of  oil  is  placed  in  an  air-tight 
vessel,  in  such  a  manner  that  it  may  flow 
into  retorts  which  are  kept  at  a  moderate  red 
jieat;  and  in  such  proportions  as  may  regu- 
late the  production  of  gas  to  a  convenient 
rate;  and  it  is  provided,  that  this  rate  may 
he  easily  governed  at  the  will  of  the  operator. 
The  oil,  in  its  passage  through  the  retorts, 
is  principally  decomposed,  and  converted  into 
gas  proper  for  illtimination,  having  thegreat 
advantages  of  being  pure  and  free  from  sul- 
phurous contamination,  and  of  supporting  a 
very  brilliant  flame  with  the  expenditure  of 
very  small  quantities. 

As  a  further  precaution  to  purify  the  gas 
■from  oil  which  may  be  suspended  in  it  in  the 
state  of  vapour,  it  is  conveyed  into  a  wash 
vessel,  where,  by  bubbling  through  water,  it 
•  is  further  cooled  and  rendered  fit  for  use ;  and 
passes  by  a  proper  pipe  into  a  gasometer,  from 
which  it  is  suffered  to  branch  off  in  pipes  in 
the  usual  manner. 


The  oil  gas  which  I  have  been  accustomed 
to  make  has  only  a  double  illuminating.powery 
compared  to  good  coal  gas.  'See  a  drnwing 
of  an  elegant  apparatus,  erected  by  Messrs 
T.  and  M.  at  the  Apothecaries*  Hall,  Lon- 
don,  in  the  15th  Number  of  the  Jonnial  of 
Science  and  the  Arts. 

When  the  gaseous  matter  obtained  by  the 
igneous  decomposition  of  oil  is  compressed 
to  about  one-thirtieth  of  its  volume,  as  by  the 
Portable  Gas  Company,  a  certain  new  liquid 
compound  results.  This  fluid  is  colourless 
or  opalescent,  yeUow  by  transmitted,  green 
by  reflected  light,  of  a  specific  gravity  less 
than  water,  insoluble  in  water  unless  in  very 
minute  quantities,  soluble  in  alcohol,  etheri 
oils,  &c.,  and  combustible,  burning  with  a 
dense  flame.  It  is  well  distinguished  from 
the  oil  that  afforded  it,  by  being  very  sUghtly 
acted  upon  by  alkaline  solutions.  When  the 
bottle  containing  it  is  opened,  evaporation 
takes  place  from  the  surfiioe  of  the  liquid,  as 
is  obvious  from  the  stria  in  the  air.  This 
vapour  soon  ceases,  and  the  remainder  is  com^ 
paratively  fixed.   It  has  the  smell  of  oil  gas. 

Its  specific  gravity  is  0.821.  It  does  not 
solidify  at  (P  F.  It  is  neutral  to  test  colours. 
Muriatic  acid  has  no  action  on  it.  Sulphuric 
add  acts  on  it  in  a  peculiar  manner. 

This  fluid  is  a  mixture  of  various  bodies^ 
which  may,  by  their  difierence  of  volatility, 
be  separated  in  some  degree  from  each  other. 
When  the  vessel  containing  it  is  opened,  it 
begins  to  boil  at  60^  F.  As  the  more  volatile 
portions  are  dissipated,  the  temperature  rises ; 
and  before  a  tenth  part  is  thrown  off,  the  tem- 
perature exceeds  100^.  Hie  heat  afler  this 
continues  to  rise,  and  before  the  substance  is 
all  dissipated,  it  becomes  250^. 

A  liquid  distilled  over,  when  the  retort  was 
at  176^,  became  partiy  solid  in  the  receiver, 
ctystals  forming  round  the  side,  and  n  fluid 
remaining  in  the  centre;  while  two  other  por- 
tions, one  drawn  off  at  186^  F.,  another  at 
ISO^^",  became  quite  hard  at  0^  F.  This  being 
dried  by  bibulous  paper  introduced  into  it  by 
a  glass  rod,  did  not  become  fluid  until  raised 
to  2SP  or  29^^  F.  After  being  squeezed  in 
a  Bramah*s  press  between  folds  of  blotting 
paper,  contained  between  plates  cooled  to  09, 
it  was  ultimately  distilled  Off  caustic  lime,  to 
separate  any  water  it  might  still  contain.  lliiB 
substance  is  a  bicarburet  of  hydrogen.  It  is, 
at  ordinary  temperatures,  a  transparent  co- 
lourless liquid,  having  somewhat  of  the  odour 
of  almonds,  and  a  specific  gravity  of  0.85  at 
60°.  It  crystallizes  at  S2°.  Its  fusing  point 
is  more  exactly  42°.  It  contracts  very  much 
on  congealing,  9  parts  in  bulk  becoming  very 
nearly  8,  when  its  density  becomes  0. 956.  At 
0^,  it  appears  as  a  white  or  transparent  sulv- 
Btance,  brittie,  pulverulent,  and  of  the  hard- 
ness nearly  of  loaf  sugar.  It  evaporates  en- 
tirely when  exposed  to  the  air.  Its  boiling 
point  is  18QO  in  a  glass  vessel.     "Die  vp,  gr. 
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of  its  vapour,  equated  to  a  temperature  of 
60^y  is  near]y  40  times. that  of  hydrogen. 
It  does  DOt  conduct  electricity.  When  ad- 
mitted to  oxygen  gas,  so  much  vapour  rises 
as  to  constitute  a  powerfully  detonating  mix- 
ture. By  transmission  through  an  ignited 
tube,  it  becomes  carburetted  hydipgen,  with 
deposition  of  charcoal.  Chlorine,  aided  by 
the  sunbeam,  combines  with  it,  and  triple 
compounds  of  chlorine,  carbon,  and  hydro- 
gen, result.  Potassium  is  not  affected  by  it, 
even  at  186^  F.  Its  constituente  are,  car- 
bon 1.5  -f-  hydrogen  0. 125. 

Another  product  from  the  distillation  of 
the  condensed  oil  gas  liquid,  is  that  which  is 
Aiost  volatile.  It  forms  a  liquid  at  0°,  but 
is  all  resolved  into  gas  at  32°  F.  This  gas 
is  very  combustible.  It  is  28  times  denser 
than  hydrogen.  Its  density,  in  the  liquid 
state,  is  0.627  at  54P ;  Uken  by  weighing 
some  of  it  in  a  glass  tube  hermetically  sealed. 
Ji  ist  thereforct  the  tightest  of  solids  or  liquids. 
One  volume  of  the  vapour  consists  of  four 
volumes  of  hydrogen,  combined  with  four 
of  vapour  of  carbon  ;  which,  on  the  hydro- 
gen ratiUT,  gives  for  its  density  (4  X  0  -H 
(4  X  6)  =r  28.  It  is  therefore  the  same 
as  olefiant  gas  condensed  into  half  its  usual 
volume.  The  oil  gas  liquid  is  an  excellent 
Solvent  of  caoutchouc,  surpassing  every  other 
substance  in  this  quality.<^i^arbi/ay. 

OIL  OF  WINE.  This  liquid  is  pro- 
•  duced  at  a  certain  period,  during  the  dis- 
tillation of  a  mixture  of  sulphuric  acid  and 
alcohol,  in  the  formation  of  ether.  It  is  a 
perfectly  neutral  substance.  When  heated, 
it  evolves  combustible  matter,  and  becomes 
highly  acid :  the  combustible  matter  is  hydro- 
carbon. Upon  examining  the  acid  thus  pro- 
duced, it  is  found  to  be  the  same  with  the  suU 
phovinic  acid,  and  united  witli  bases  it  forms 
sulphovinates.  Oil  of  wine  consists  of  2 
atoms  of  sulphuric  acid,  8  of  carbon,  and  8 
of  hydrogen.  It  is  neutral ;  but,  by  heat, 
gives  off  half  of  the  carbon  and  hydrogen, 
while  sulphovinic  acid  remains,  composed  of 
2  atoms  of  sulphuric  acid,  4  of  carbon,  and 
4  of  hydrogen ;  which  elements,  with  an  atom 
of  any  base,  form  sulphovinates. 

When  oil  of  wine  is  mixed  with  a  cold 
solution  of  muriate  of  baryta,  no  change 
takes  place;  but  if  heat  be  applied  to  the 
mixture,  sulphate  of  baryta  precipitates.  38 
per  cent  of  sulphuric  acid  is  thus  indicated 
in  oil  of  wine ;  the  remaining  62  parts  are 
carbon  and  hydrogen,  in  the  same  propor- 
tions as  they  exist  in  oleflant  gas. — Hennel, 
PhU.  Trans,  1826,  Part  3. 

Oil  of  wine,  sp.  gr.  0.9174>,  analyzed  by 
MM.  Dumas  and  Boullay,  was  found  to 
consist  of 

Carbon,  8a  5 

Hydrogen,        11.5 

100.0 


OISANITE.     Pyramidal  titanium  ore,  - 
OLEATES.     Saline  compounds  of  oleic 
acid  with  bases. 

OLEFIANT  GA&  A  compound  of  one 
prime  of  carbon  and  one  of  hydrogen,  to 
which  I  have  given  the  name  of  Carbubet- 
T£D  Hydrogen,  to  distinguish  it  from  the 
gas  resulting  from  one  prime  of  cafbon  and 
two  of  hydrogen,  which  I  have  called  sub- 
carburetted  hydrogen. 

OLEIC  ACID.     See  Acm  (Oleic.) 
OLEOSACCHARUM.     This  name  is 
given  to  a  mixture  of  oil  and  sugar  incorpo- 
rated with  each  other,  to  render  the  oil  more 
easily  diffusible  in  watery  liquors. 
OLEUM  VINL     See  Ether. 
OLIBANUM.     A  gum  resin,  the  pitK 
duct  of  the  Juniperus  Lycia,  Linn.,  brought 
from  Turkey  and  the  East  Indies,  usuaUj 
in  drops  or  tears,     llie  best  is  of  a  yellow- 
ish-white  colour,  solid,  hard,  and  brittle: 
when  chewed  for  a  little  tim^  it  renders  the 
spittle  white,  and  impresses  an  unpleasant 
bitterish   taste;    laid  on  burning   coals,  it 
yields  an  agreeable  smell. 

OLI VENITE.  An  ore  of  copper. 
OLIVINE.  A  sub-species  of  prismatic 
chrysolite.  Its  colour  is  olive-green  ;  it  oc- 
curs massive  and  in  roundish  pieces ;  rarely 
crystallized  in  imbedded  rectangular  four- 
sided  prisms;  lustre  shining;  deavage  im- 
perfect double;  fracture  small-grained  un- 
even ;  translucent ;  less  bard  than  chrysolite  ; 
brittle;  spec.  grav.  3.24:  with  borax  it 
melts  into  a  dark  green  bead.  It  loses  its 
colouring  iron  in  nitric  acid.  Its  constituents 
are^  silica  50,  magnesia  38.5,  lime  0.25,  ox- 
ide of  iron  12.  It  occurs  in  basalt,  green- 
stone, porphyry,  and  lava,  and  generally  ac- 
companied widi  augite.  It  is  found  in  the 
Lothians,  Hebrides,  north  of  Ireland,  Ice- 
land, France,  Bohemia,  &c. 

OLIVILE.  This  is  a  peculiar  substance^ 
discovered  by  M.  Pelletier  in  the  gum  of  the 
olive  tree,  obtained  by  dissolving  it  in  recii- 
iiod  spirit  of  wine,  filtering,  and  leaving  tlie 
liquid  to  spontaneous  evaporation.  The  oli- 
vile  gradually  crystallizes  in  flattened  needles 
of  a  yellowish  white  hue,  coloured  by  resan» 
which  may  be  easily  removed  by  digestion  in 
pure  ether. 

Olivile  is  without  odour ;  it  does  not  alter 
the  vegetable  blues ;  its  taste  is  at  once  bitter 
and  sweet.  At  the  temperature  of  160^ 
Fahr.  it  melts,  becomes  slightly  yellow,  a»- 
suroes  the  aspect  of  a  transparent  resin,  and 
grows  idio-electric  by  friction.  It  affords  no 
ammonia  by  igneous  decomposition.  On 
coals  it  burns  with  difficulty,  and  exhales  a 
gr^t  deal  of  smoke. 

Olivile  dissolves  in  32  times  its  weight  of 
boiling  water,  and  separates  in  a  great  mea- 
sure as  the  water  cools. 

Alcohol  and  concentrated  acetic  acid  dis- 
solve a  large  quantity  of  olivile.     Ether  has 
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no  action  on  olivile.  Acetate  of  lead  »  the 
only  aalane  matter  which  precipitates  olivile 
from  its  watery  solution.  White  flocks  tail, 
Tery  soluble  in  acetic  acid. 

OLLARIS  LAPIS.     See  PDtsione. 

OMPHAClT£.  Colour  pale  leek-green; 
massirey  disseminated,  and  in  narrow  radi- 
ated concretions ;  lustre  glistening  and  resin- 
ous; fracture  fine-grained  uneven;  fetbly 
translucent ;  as  hard  as  felspar ;  sp.  gr.  3.^ 
It  occurs  in  primitive  rocks,  with  precious 
garnet,  in  Carinthia.  It  is  a  variety  of 
augiie. 

ONION.  The  bulbous  root  of  the  aUium 
cepa  has  been  examined  by  MM.  VauqueUn 
and  Fourcroy,  who  found  it  to  be  composed, 
1.  Of  a  white,  acrid,  volatile,  and  odorous  oil. 
S.  Of  sulphur  combined  with  the  oil,  which 
makes  it  fetid. 

3.  Of  a  large  quantity  of  uncrystallizable 

sugar. 

4.  Of  a  large  quantity  of  mucilage,  like  gum- 

arabic 

5.  Of  a  vegeto-animal  matter,  coagulable  by 

heat,  and  analogous  to  gluten. 

6.  Of  phosphoric  acid— in  part  free,  in  part 

combined  with  lime— and  of  acetic  aicid. 

7.  Of  a  portion  of  citrate  of  lime. 

8.  Of  a  very  tender  fibrous  matter,  retaining 

some  vegeto-animal  matter. 

Onion  juice  presents  very  remarkable  phe- 
nomena. Left  to  itself  at  a  temperature  of 
from  600  to  70^  pi^hr.  Jq  i^  matrass  sur- 
mounted with  a  tube,  it  does  not  experience 
the  vinous  fermentation,  and  yet  after  a  cer- 
tain period  no  sugar  is  to  be  found  in  the 
liquid.  There  is  found,  however,  much 
acetic  acid  and  mannite.  The  same  thing 
happens  with  carrot  juice. 

ON  YX.  Calcedony,  in  which  there  is  an 
alternation  of  white,  black,  and  dark  brown 
layers. 

OPACITY.  The  faculty  of  obstructing 
the  passage  of  light. 

OPAL.  A  sub-species  of  the  indivisible 
quartz  of  Mohs. 

Of  opal  there  are  seven  kinds,  according 
to  Professor  Jameson. 

I.  Precious  opaL  Colour  milk-white,  in- 
clining to  blue.  It  exhibits  a  beautiful  play 
of  many  colours ;  massive,  disseminated,  in 
plates  and  veins ;  lustre  splendent ;  fracture 
perfect  conchoidal ;  translucent,  or  semi- 
transparent;  semi-bard  in  a  high  degree; 
brittle ;  uncommonly  easily  frangible ;  sp. 
gr.  2. 1 :  before  the  blowpipe  it  whitens  and 
becomes  opaque^  but  does  not  fuse.  Its  con- 
stituento  are^  silica  90,  water  10.  It  occurs 
in  small  veins  in  clay  porphyry,  with  semi- 
opal,  at  Czacherwenitza  in  Upper  Hungary ; 
and  in  trap  rocks  at  Sandy  Brae,  in  the 
north  of  Ireland.  Some  of  them  become 
transparent  by  immernon  in  water ;  and  are 
called  oculus  mundi,  hydropbane,  or  change- 
able opal. 


2.  Common  opal.  Colour  milk-white; 
massive,  disseminated,  and  in  angular  pieces ; 
lustre  splendent;  fracture  perfect  conchoi- 
dal ;  semitransparent ;  scratches  glass ;  brit- 
tle; adheres  to  the  tongue;  inftjsible.  Its 
constituents  are,  silica  93.5,  oxide  of  iron  1, 
water  ^'^Kla^roth.  It  occurs  in  veins  along 
with  precious  opal  in  clay  porphyry,  and  in 
metalliferous  veins  in  Cornwall,  Iceland,  and 
the  north  of  Ireland. 

3.  Fire  opaL  Colour  hyacinth-red ;  lustre 
splendent ;  in  distinct  concretions ;  ftacture 
perfect  conchoidal ;  completely  transparent ; 
hard  ;  uncommonly  easily  frangible ;  sp.  gr. 
2. 12  :  heat  changes  the  colour  to  pale  flesh- 
red.  Its  constituents  are,  silica  92,  water 
7.75,  iron  0.25.  It  has  been  found  only  at 
Zimapan  in  Mexico,  in  a  particular  variety 
of  homstone  porphyry. 

4.  Mother^f'iiearl  opaly  or  Cachohng,  It 
is  described  under  Cacuolono,  as  a  variety 
of  calcedony. 

5.  Semi-opaL  Colours  white,  grey,  and 
brown;  sometimes  in  spotted,  striped,  or 
clouded  delineations ;  massive,  disseminated, 
and  in  imitative  shapes ;  lustre  glistening ; 
fracture  conchoidal ;  translucent ;  semi-hard ; 
rather  easily  frangible ;  sp.  gr.  2.0 ;  infu- 
sible. Its  constituents  are,  silica  85,  alu- 
mina 3,  oxide  of  iron  1.75,  carbon  5,  am- 
moniacal  water  8,  bituminous  oil  0.33.-* 
Klaproth,  It  occurs  in  porphyry  and  amyg- 
daloid, in  Greenland,  Iceland,  and  Scbtland, 
in  the  Isle  of  Rume,  &c.  - 

6.  Jasjter  opai,  or  Ferruginous  opaL  Co- 
lour scarlet-red,  and  grey;  massive;  lustre 
shining ;  fracture  perfect  conchoidal ;  op- 
aque; between  haiti  and  semi-hard;  easily 
frangible  ;  sp.  gr.  2.0 ;  infusible.  Its  con- 
stituents are,  silica  43.5,  oxide  of  iron  47.0, 
water  7.5. — Klaproth,  It  is  found  in  por- 
phyry at  Tokay  in  Hungary. 

7.  H^ood  opaL  Colours  very  various ;  in 
branched  pieces  and  stems  ;  lustre  shining ; 
fracture  conchoidal ;  translucent;  semi-hard 
in  a  high  degree ;  easily  frangible ;  sp.  gr, 
2. 1.  It  is  found  in  allurial  land  at  Zastra- 
via  in  Hungary. 

OPIUM.       See    Moephia,    and    AOD 

(MfiOONIc). 

Tlie  white  poppy  is  cultivated  most  ex- 
tensively in  India  and  the  Levant;  Some 
time  after  the  flowering  season,  longitudi- 
nal incisions  are  made  in  the  capsules 
whence  exudes  a  milky  juice  that  easily  con- 
cretes. This  is  opium,  which  is  imported 
into  Europe  in  masses  of  different  sizes. 

Opium,  so  interesting  from  its  medicinal 
properties,  is  brown,  and  somewhat  hard  ; 
its  taste  is  bitter,  acrid,  nauseous;  and  ita 
odour  is  peculiar  and  characteristic.  It 
softens  with  a  gentle  heat ;  even  with  that 
of  the  hand.  When  more  highly  heated  in 
air,  it  kindles,  but  does  not  burn  readily. 

Opium  contains  acidulous  meconate  of 


OPIUIC.  <M6  OPOPAHAX. 


tOotptoMf  eztnctiTv  HMttSy  iiwicilBgifij  fecBlSy  Imiyi  Plw.  JdonBiy  are  Iwo  tanililB 

rewi,  find  oil,  CMutdioaey  a  wjgtto-aROBal  «b  Ihe  nMimlhrtnre  of  BritUi 

flabomce,  debris  of  T^etabfe  ibrei,  ooe»-  fint  bj  dn  Rar.  G.  Smmfot,  dw 

flOoidiyalitdeadadaiMlsniaUptbblcs;  and  Mr  Young.     The  nmifiKtare  of 

moreawtr^  tbe  wfahe  aTBtalliiK  tmit  pfopimm,  oponn  bat  been  of  Ute  yam  giuiily 

originally  notiocd  by  I>en»c^  and  anoe  da-  ytvml  by  Dr  Flannngi  It.  P.,  nndar 

•oibad  ij  Bobiq[uefc  under  tfaa  naaM  of  nor-  anparintondenee  thai  iiMpOffiairt 

AHiiv.  liaipbMsedbylbelCBiqiMof  WcOadey. 

If  we  treat  opiom  fint  wilb  aiiwkiancia  of        AcpoHing  to  Oifik,  m  daugarew 

olbar,  a  tincture  of  a  deep  ycUoir  diade  it  opiom  is  ntfaer  i^ggneated  than 

<Maiiied,  from  wfaidi  tbere  giadnaUy  laJls  a  by  riacgar.     Hie  proper  remedy  is  a 

powder   ineoluble    in  water,   alooiiol,  and  fbl  emetic,  such  at  snlphate  of  rinc,  or 

echer ;  and  when  distilled  it  affords  a  ooo-  pbate  of  copper.      See  an  interesting 

iiderable  quantity  of  n«*"»nnM-     The  ether-  well  treated  care,  in  tiie  let  ^<4arae  of  the 

eous  tincture  lieed  finom  tins  ydlowish  pow-  Uedioo-Chirufgical   TVans.  by  Dr 

der,  yields  on  evaporation  crystsls  impicg-  and  Mr  Astley  Cooper. 
Hated  with  a  viscid  oil,  among  which  sman         OPOBAL8AM.     Hie 

maniri  of  more  coosisteoce  are  seen  to  float,  ttie  balsams  is  that  oonuBOiyy  called  Bala 

There  are  caoutchouc,  which  may  be  sepa-  of  Gilead,  Opobalsamum,  Balsamadeon,  Bal- 

tated  from  the  oil  by  a  fine  tube.     The  oily  samum  remm  album,  JEgyptiaoBm,  Jodai* 

liquid  is  to  be  decanted  in  order  to  insulate  cum,  Syriacum,  ^  Mecca,  &c.     TUs  is  tfie 

the  crystals ;  which  are  then  treated  with  proihioe  of  the  amyiia  opobalmaanm,  X. 
boiling  alcohd.      On  cooling,  this  aflEbrds         The  true  balsam  is  of  a  pale  3fellowidi 

thenareotineslig^yimpr^nated  with  caout-  edonr,  dear  and  transparent,  about  the  oo»- 

dionc.      From   this   a  new  solution  liees  sistence  of  Venioe  turpentine,  of  a  strongs 

them  completely.      Hence  by  this  prooeM  penetratii^  agreeable,  aromatic  smell,  and  b 

are  eliminated  fimr  diffierent  products  of  a  slightly  bitterish  pungent  taste.     By  age  it 

•pery  interesting  nature :— -1.  A  fixed  oil ;  2»  becomes  yellower,  browner,  and  driciEer,  loo- 

Caoutdiouc ;  3.  A  vegeto-animal  substance ;  ing  by  degrees,  lUce  volatile  oils,  some  of  iii 

mid  4.  The  white  crystalline  salt  of  Derosne.  finer  and  more  subliie  parts.     To  spread. 


Hie  opium,  after  being  thus  exhausted  by     when  dropped  into  wmter,  all  over  the  aor- 
eitaer,  when  dissolTod  in  water,  affords  solu-     face,  and   to  form  a  fine,    thin, 


tions  equally  acid  as  ordinary  opium,  and  coloured  cuticle,  so  tenacious  that  it  may  be 

which  comport  tbemrelves  with  magnesia  or  taken  up  entire  by  the  point  of  a  needle^ 

ammonia  (see  MoftPHiA),  as  if  no  ether  had  vrere  formerly  in&Uible  criteria  of  the  g»- 

been  applied  to  it     It  is  obrious,  therefore,  nuine  opobalsam.     Neumann,  however,  had 


that  the  two  crystalline  bodiesy  narcotme  and  observed,  that  other  babams,  when  of  a 

mofphiAf  exist  in  opium  quite  independent  tain  degree  of  consistence,  exhibit  these 

of  c«ch  other.  nomena  equally  vrith  the  Egyptian.     Ao- 

Narcotine  is  vriiite,    insipid,  inodorous,  cording  to  Bnioe^  if  dropped  on  a  wooflen 

vrithout  action  on  litmus  and  syrup  of  vio-  doth  in  its  pure  and  fresh  state,  it  asay  be 


lets.     It  crystallises  in  right  prisms,  vrith  washed   out    completely  and  readily 

ffaomboidal  bases,  which  are  often  collected  simple  water. 

In  little  tufts.     When  heated  in  a  retort,  it  OPODELDOC.     A  solntian  of  soap  in 

melts  first  of  all,  is  then  decomposed,  evolv-  alcohol,  with  die  addition  of  camphor  and 

ing  the  products  of  animal  substances  sub-  volatile  oils.     It  is  used  externally  agaiaat 

Jected  to  distillation.  riieumatic  pains,  qirains,  bruises,  and  other 

On  red  hot  coals  it  burns  with  fiame.    In  like  complaints. 


6old  water  it  is  insoluble ;  but  one  part  of         OPOPANAX.     A  concrete  gummy 

it  dissolves  in  400  parts  of  boiling  vrater.  stnous  juice,  obtained  from  the  roots  of  aa 

Boiling   alcohol  dissolves   a  twenty-fourth  umbell^erous  plant,  the  pastinaca  opopanax, 

part,  and  cold  alcohol  a  hundredth  part.  Linn^i   which  grows  spontaneously  in  the 

Bther  and  the  volatile  oils  dissdve  narco-  warmer  countries,  and  beers  the  colds  of  dus. 

dne  very  well  when  hot ;  but  its  best  soU  Hie  juice  is  brought  from  Turkey  and  the 

vents  are  the  acids.     Alkalis  have  hardly  any  £ast  Indies,  sometimes  in  round  drops  or 

action  on  this  substance ;  and  they  cause  its  tears,  but  more  commonly  in  irregular  lumps^ 

immediate  predpitation  from  acids.    It  ex-  of  a  reddisli-yellow  colour  on  tlie  outside, 

erases  a  very  powerful  action  on  the  animal  with  specks  of  white ;  inwardly  of  a  paler 

economy.     It  produces  stupor  and  oonvul^  ookmr,  and  frequendy  variegated  with  large 

aionS)  but  no  proper  sleep.     Opium  is  sup-  white  pieces.     It  has  a  peculiar  strong  smeU, 

posed,  therefbre,  to  become  a  better  anodyne  and  a  bitter,  acrid,  somewhat  nauseous  taste, 

when  deprived  of  narcotine ;  but  this  is  yet  Its  constituents  are,  resin  48,  gum  3&4s 

doubtful.  ligneous  matter  9.8,  starch  4.2^  malic  add 

In  the  8th  and  9th  volumes  of  the  Jour-  8.8y  extnctive  matter  l.d,  wax  O.S>  caout- 
nal  of  Sdence,  and  in  the  1st  of  the  Edin- 
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cbouc  «  UBC9f  teMhi  oil  and  low  5.9»  in 
lOO.^PtUetier. 

ORES.  Tbe  vnomii  bodies  from  which 
metab  are  exiracted. 

I.  ANTiMOMy;  Qr«i  of, 

I.  Aa^tttf  oM/unot^*  cnT  which  tben  are  tvp 
fpadas ;  dodeoahednil*  aad  octobedraJ. 

1.  IMeeakedraL  Colour  tio- white;  maa- 
sive  and  crystailiaed  in  an  octohedron  and  do»- 
dffrahedron;  hasder  than  cakareoua  spar; 
ap.  gr.  6.7.  It  cDoaiato  of  96  antimony,  1.0 
aUvar,  and  0.25  iron.  It  is  found  in  argtib* 
^eroua  veins  in  tbe  gneiss  mountains  of  Chap- 
lancbes  in  Dau^iin  j,  and  at  Andreasbeig  ia 
.tbeHarU. 

2.  Octohedral  antimony;  of  which  there 
are  two  sub-spedesy  tbe  antimonial  silver, 
•ad  anenioU  silver.     See  OiES  of  Silveb. 

II.  Anlimawf  dance*  Under  this  genus 
^ure  ranged  tbe  Allowing  species^  aub-spedes, 
jdkid  kinds  :<-«• 

1.  Compaq  grty  anHmony.  Colour  light 
lead^^^rey;  massiva;  soft;  easily  frangible; 
sp>  gr.  i.4i.  Foirnd  in  Huel  Boys  mine  ia 
ComwalL 

%0  Foliated  grey  antimony.  Colour  like 
tbe  preceding ;  deavage  piiaiinatic ;  not  par* 
.ticularly  brittle ;  sp.  gr.  4^4. 

3w  Badsate'd  gn^y  antimoi^»  Colour  coow 
mon  lead-grey ;  massive*  and  crystallized  in 
four  and  six«sided  prisrasy  and  sometimes  in 
acicubur  crystals;  lustre  metallic;  sp.  gr. 
4b4.  It  meUs  by  the  flame  of  a  candla  Its 
constituents  are»  antimony  76,  sulphur  25. 
Hiese  minerals  occur  in  veins,  in  primitive 
and  transition  mountains.  This  occurs  in 
Crlendinning  in  Pumfries-shire^  in  Cornwall, 

4u  Plwuoae  grey  antinomy.  Colour  he* 
twaen  dark  leadrgrey  and  smokei^rey ;  maa* 
sivc^  and  in  capillary  glistening  crystals; 
luatre  semi-metallic ;  very  soft ;  it  melts  into 
n  black  slag.  It  contains  antimony,  sulphur, 
arsenic,  iron,  and  silver.  It  occurs  in  veins 
in  primitive  rocks,  at  Andreasbeig  in  the 
Harts,  &C. 

5.  Jjci/rangible  antimony  gtance,  or  Botcr- 
nonite.  Colour  blackish  leadrgrey ;  massive 
and  crystallised ;  primitive  fimn,  an  oblique 
four-sided  prism,  which  occurs  variously  mo- 
dified by  truncation,  &c;  lustre  metallic; 
cleavage  aiifrangible ;  fractore  concboidal ; 
brittle;  sp.  gr.  5.7.  Its  constituents  are, 
lead  42.62,  antimony  24.23,  copper  12.8, 
iron  1.2,  sulphur  17 .'—HatcheU.  It  is  found 
near  Endellion  in  ComwalL 

6.  PritmaHc  anHmomy  glance*  Colour 
blackish  lead-grey ;  primitive  fbnn,  an  ob* 
lique  four-sided  prism ;  lustre  metallic ; 
cleavage  in  the  direction  of  the  smaller  dia- 
gonal of  the  prism ;  sp.  gr.  5.75. 

III.  Antimony  oehre.  Colour  straw-yd- 
low,  incrusting  crystids  of  grey  antimony ; 
dull;   fracture  earthy;    very  eoft;. brittle; 


whitens  and  evaporates  before  the  blowpipe. 
It  occur*  in  yeins  in  Saxony,  &c 

IV.  NickeHferou*  grey  antimony.  Colour 
steel-grey ;  massive ;  shining  f  cleavage 
double  rectangular ;  fragmenu  cubical ;  brd^ 
tie;  sp.  gr.  6  to  6.7.  It  meUs  Wore  tb^ 
blowpipe*  emit^g  white  vapour  of  ^p^pMv 
It  eommunicates  a  green  colour  to  nitif^ 
add.  It  consists  of  antimony  with  arpenic 
61.68^  nickel  23.3%  sulphur  14.16»  riUai, 
with  silver  and  lead,  0.83;  and  a  trace  of 
iron.  It  occurs  in  vdns  near  Frifesbarg  in 
Nassau. 

y.  Priimatie  M*hite  onHmony*  Cokair 
white;  massive  and  crystallised,  in  a  rectan- 
gHlar  four-dded  prism,  an  oblique  lour-dd$d 
prism,  a  rectangular  four-dded  table,  a  dxr 
dded  prism,  and  in  admlar  and  capillary 
icrystds ;  lustre  pearly  or  adamantine ;  deav** 
age  in  the  directioo  of  the  lateral  planes  i 
tranducent ;  sectile ;  sp.  gr.  5.0  to  5.6.  J^ 
mdts  and  volatilizes  in  a  white  vapour.  Its 
constituents  are,  oxide  of  antimony  86,  ox^ 
ides  of  antimdny  and  iron  %  dlica  8.  It  ocr 
curs  in  vdns  in  primitive  rocks  in  Bohemia 
and  Hungary. 

VI.  Friematic  antimony-^lendet  ffrredan^ 
tumony. 

a.  CommoTL  Colour  cherry-red  ;  masdvf^ 
in  flakes,  and  oTstdlized ;  primitive  form, 
an  oblique  four-dded  prism ;  crystals  ddicate 
capillary ;  adamantioe ;  translujcent  on  the 
edges ;  brittle ;  sp.  gr.  4.5  to  4.^  It  melta 
and  evaporates  before  tbe  blowpipe.  It  con^ 
sists  of  antimony  67.5,  oxygen  10.8,  sulphur 
l9.7.^^KUtpr.  It  OQCurs  at  Braunsdorf  in 
Saxony. 

b.  Tijuder  antimony^Uende.  Colour  mudr 
ily  dierry*red ;  in  flexible  tinderoLike  leaves; 
feebly  glimmering;  opaque;  stneak  shin*' 
ing;  friable;  sectile  and  flexible.  It  coo- 
tdns  oxide  of  antimony  33,  oxide  of  iron 
40,  oxide  of  lead  16,  sulphur  4^  with  some 
silver.-— Xinit.  It  occurs  in  the  Carolina  and 
Dorothea  mines  at  ClaustbaL 

II.    AlUQENIC. 

1.  Native  areenie.  Fresh  fracture^  whit- 
ish lead-grey;  masdve,  and  in  imitative 
shapes ;  feebly  glimmering;  harder  than  cal- 
careous spar;  streak  shining,  metallic;  when 
struck,  it  has  a  ringing  sound,  and  emits  an 
arsenicd  odour ;  sp.  gr.  5.75.  It  occurs  in 
vdns  in  primitive  rocks,  at  Kongsbei^  in 
Norway,  &c. 

2.  Oxide  of  areenie ;  common,  capillary, 
and  earthy. 

a.  Common  oxide  has  a  white  colour; 
occurs  in  crystdUne  crusts;  has  a  diining 
lustre;  uneven  fracture;  and  is  soft  and 
semitransparent. 

b.  Tbe  capillary  occurs  in  dlky,  snow- 
white,  shining,  capillary  crystals. 

c.  The  earthy  is  yellowish-white,  in  crusts; 
jdull,  opaque,  .and  friable ;  it  occurs  at  An- 
dreasberg  in  the  Harts. 
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a  Anenical  pyriiet,  oblique  four  or  nz^aided  primt ;  lustre  splcn- 

a.  Common  anenical  pyrkei*     Mi«pickel.  dent  metallic;   fracture  uneven;   ofMique: 

Fraab  fracture  silver-white ;  maasive,  and  in  brittle ;  ap.  gr.  6. 1  to  6.2 :  it  fusea  before 

prismatic  concretions ;  crystallized  in  oblique  the  blowpipe  into  a  steeUgrey  globule.      Iia 


perpendicular  prism : 

times  as  hard  as  felspar ;  brittle ;  it  emits  an  in  quarts  near  Beresof  in  Siberia.    It  is  also 

arsenical  smell  on  friction ;  sp.  gr.  5.7  to  called  tuedle  ore. 

6.2:  before  the  blowpipe  it  yields  a  copt^  •  b.  Prismatic  bismuth'glance.    Colour  pale 


ous  arsenical  vapour.     Its  constituenU  are,  lead-grey ;  massive,  and  crystallized  in 

arsenic  43.4,  iron  34.9,  sulphur  20.1.     It  cular  and  capillary  oblique  four  and  six-sided 

occurs  in  primitive  rocks  in  Cornwall  and  prisms ;  lustre  splendent  meuUic ;  it  soils ; 

Devonshire,  and  at  Alva  in  Stiriingshire.  is  brittle,  and  harder  than  gypsum  ;  sp.  gr. 

b.  jirgentiferous  anenkal  pyrites.  Colour  6.1  to  6.4 :  it  melts  in  the  flame  of  a  candieu 
sflver-white ;  disseminated,  and  in  very  snudl  Its  constituents  are,  bismuth  60,  sulphur  40. 
adcular,  oblique,  four-sided  prisms;  shining  It  occurs  in  veins  in' Cornwall,  &c. 
and  metallic  ;  besides  arsenic  and  iron,  it  a.  Cupreous  bismuth.  Colour  light  lead- 
contains  from  0.01  to  0. 10  of  silver.  It  has  grey  ;  massive ;  shining ;  sectile.  Its  coo- 
been  found  in  Saxony,  and  is  used  as  an  ore  stituents  are^  bismuth  47.24,  copper  34.66^ 
of  silver.  sulphur  1 2. 58.     It  occurs  in  veins  in  granite 

^  PharmaeoUteyOr  arsenicMoom.    Colour  near  Wittichen  in  Furstembeig. 

leddish-white ;  as  a  coating  of  balls,  or  in  b.  Bismuth  ochre.     Colour  straw-yelloir ; 

delicate    capiUary    shining    silky    crystals;  massive;    lustre    inclines   to    adamantine ; 


semitransparent,  or  opaque  ;  soft;  soils ;  sp.  opaque ;  soil ;  brittle ;  sp.  gr.  4.37 :  it 

gr.   2.64.       Its  constituents  are,  lime  25,  solves  witli  effervescence  in  acids.     Its  eon- 

arsenic  acid  50.44,  water  24.56.     It  occurs  stituents  are»  oxide  of  bismuth  86.3,  oxide 

in  veins  along  with  tin-white  cobalt  at  An-  of  iron  5.2,  carbonic  acid  4^1,  water  3L4k    It 

dreasberg,  &c.  occurs  along  with  red  cobalt.     It  is  found 

5.  OrpimcfU.  «t  St  Agnes  in  Cornwall. 

a.  Red;  ruby  sulphur,  or  hemi-jmsmatie         IV.  Cebium.      See   Allanitb,   Cebub^ 

sulphur.      Colour  aurora>red;  massive;  in  GAOOLmiTE,   Orthite,  Yttbocbrite.     A 

flakes,  and  crystallized  in  oblique  four-sided  fluate  and  subfluate  of  cerium  have  been  also 

prisms ;  lustre  inclining  to  adamantine ;  frac-  discovered  at  Finbo  in  Sweden, 
ture  uneven ;   translucent ;    streak  orange-         Chrome  Orb.     See  Iron  Ore. 
yellow  coloured ;  as  hard  as  talc ;  brittle ;         V.   Cobalt  Orbs. 

sp.  gr.  3.35 ;  it  melts  and  bums  with  a  blue  1.  Hexahedral    cobalt  pyrites^  or    siher' 

flame;  it  is  idio-electric  by  friction.      Its  while  cobalt.     Colour  salver-white;  masarvi^ 

constituents  are,  arsenic  69,  sulphur  31.     It  and  crystallized  in  the  cube,   octohednm, 

t)ccurs  in  primitive  rocks  at  Andreasberg,  cube  truncated,  pentagonal,  dodecahedron, 

fte.  icosahedron ;  splendent  and  metallic ;  cleav- 


b.  Yellow  orpimentt  or  pritmatoidal  suU  age  hexahedral ;  fracture  concboidal ; 
phur.  Colour  perfect  lemon-yellow;  mas-  hard;  brittle;  streak  grey;  sp.  gr.  6.1  to 
sive,  imitative,  and  crystallized  in  oblique  6.3:  before  the  blowpipe  it  gives  out  an 
four-sided  prisms,  and  in  flat  double  four-  arsenical  odour,  and,  af^  being  roasted* 
aided  pyramids  ;  cleavage  prismatoidal  ;  colours  glass  of  borax  smalt-blue.  Its  coo- 
translucent  ;  harder  than  the  red ;  flexible,  stituents  are^  cobalt  44,  arsenic  55^  sulphur 
but  not  elasUc ;  splits  easily ;  sp.  gr.  3.5.  0.5 ;  iron  is  sometimes  present.  It  occurs 
Its  constituents  are,  arsenic  62,  sulphur  38.  in  primitive  rocks  at  Skutterend  in  Norway. 
It  occurs  in  veins  in  floets-rocks,  and  along  It  is  the  principal  ore  of  cobalt, 
with  red  silver  in  granite  at  Wittichen  in  2.  Oetohedml  cobalt  pyrites. 
Suabia.  a.  The  tin-white ;   of  which  there  is  the 

III.  BiiBfUTH.  compact  and  radiated.     ITie  comjtact  has  a 

1.  Native  or  oetohedral  bismuth.  Fresh  tin-white,  and  sometimes  rather  dark  colour : 
fracture  silver-white,  inclining  to  red ;  mas-  it  occurs  massive^  and  crystallized  in  the 
sive,  and  crystallized  in  an  octohedron,  tetra-  cube»  octohedron,  and  rhomboidal  dodecahc^ 
hedron,  and  cube;  lustre  splendent  metal-  dron,  truncated  on.  the  six  four-edged  angles; 
He ;  cleavage  fourfold ;  harder  than  gypsum ;  crystals  generally  rent  and  cracked ;  lustre 
malleable;  sp.  gr.  8.9  to  9.0:  it  melts  by  splendent  metallic;  britUe;  sp.  gr.  6.0  to 
the  flame  of  a  candle.  It  occurs  in  veins  in  6.6.  Its  constituents  are,  arsenic  74.22, 
mica  slate,  &c.  at  St  Columb  and  Botallack  cobalt  20.3,  iron  3.42,  copper  0.16^  sulphur 
in  Cornwall,  and  in  Saxony.  0.89.     It  occurs  in  granite,  gneiss,  Ac.  in 

2.  Bismuth-glance.  Cornwall*  Saxony,  &c 

a.  Adeular  bismuth-glanu.    Colour  dark  The  radiated ;  colour  tin»-white,  inclining 

lead-grey ;  disseminatedi  and  crystallized  in  to^grey.     Massive,  and  in  distinct    ^'  -   ' 
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concretions ;  Itittre  gfialening,  metsilic ;  softer 
than  the  compact  Its  constituents  are,  ar- 
senic 65.75,  cobalt  28,  oxide  of  iron  5.0, 
oxide  of  manganese  1.25.  It  occurs  in  clay- 
slate  at  Scbneebei^. 

b.  Grey  octahedral  cobalt  pyrites.  Colour 
light  steel-grey ;  massive,  and  tubiform ; 
dull,  and  tarnished  externally;  internally 
splendent  metallic;  fracture  even;  streak 
shining ;  brittle ;  when  struck,  emits  an 
arsenical  odour;  sp.  gr.  6.135.  It  contains 
19.6  of  cobalt,  with  iron  and  arsenic  It 
occurs  in  granite,  gneiss,  &c.  It  is  found  in 
Cornwall,  Norway,  &c.  It  afibrds  a  more 
beautiful  blue  sonalt  than  any  of  the  other 
cobalt  minerals. 

CobaltJdes,  Colour  pale  steel-grey ;  mas- 
sive, and  in  cubes ;  lustre  metallic ;  fracture 
uneven ;  semi-hard.  Its  constituents  are, 
cobalt  4&2,  sulphur  38.5,  copper  14.4i,  iron 
.  3.53.  It  occurs  in  a  bed  of  gneiss  in 
Sweden. 

a  Red  cobalt. 

a.  Radiated  red  cobalt,  or  cobalt-bloom. 
Colour  crimson-red,  passing  into  peach- 
blossom  ;  massive^  imitative,  and  crystal- 
lised, in  a  rectangular  four-sided  prism,  or 
a  compressed  acute  double  six-sided  pyra- 
mid; crystals  acicular;  shining;  translu- 
cent; rather  sectile ;  sp.  gr.  4.0  to  4l3:  it 
tinges  borax  glass  blue.  Its  constituents 
are,  cobalt  39,  arsenic  add  38,  water  23. 
It  occurs  in  veins  in  primitive,  transition, 
and  secondary  rocks.  It  is  found  at  Alva 
in  Stirlingshire,  in  Cornwall,  &c. 

b.  Earthy  red  cobalt,  or  cobaU  cru^.  Co- 
lour peach-blossom  red;  massive,  and  imi- 
tative; friable;  dull;  sectile;  streak  shin- 
ing ;  does  not  soil. 

c.  Slaggy  red  cobalt.  Colour  muddy  crim- 
son-red ;  in  crusts  and  reniform ;  smooth ; 
shining;  fracture  concholdal;  translucent; 
soft  and  brittle.  It  occurs  at  Furstem- 
berg. 

4),  GibaU  ochre, 

a.  Black.  The  earthy-black  has  a  dark 
brown  colour;  is  friable^  has  a  shim'ng 
streak,  and  feels  meagre.  The  indurated 
black  has  a  bluish-black  colour;  occurs 
massive  and  imitative;  has  a  glimmering 
lustre;  fine  earthy  fracture;  is  opaque; 
soft;  sectile;  soils;  sp.  gr.  2  to  SL4k  It 
ccHisists  of  black  oxide  of  cobalt,  with  ars^ 
nic  and  oxide  of  iron.  These  two  sub- 
species occur  usually  together,  in  primitive 
or  secondary  mountains ;  at  Alderly  Edge, 
Cheshire  in  red  sandstone ;  at  Howth,  near 
Dublin,  in  slate-day. 

b.  Brown  cobalt  ochre.  Colour  liver- 
brown  ;  massive ;  dull ;  fracture  fine  earthy ; 
opaque ;  streak  shining ;  soft,  sectile,  light. 
It  consists  of  brown  ochre  of  cobalt,  arsenic, 
and  oxide  of  iron.  It  occurs  chiefly  in  se- 
condary mountains.  It  is  found  at  Kams- 
dorf  in  Saxony. 


c.  YeUow  cobalt  ochre.  Colour  muddy 
straw-yellow ;  massive  and  incrusting;  rent ; 
dull ;  fracture  fine  earthy ;  streak  shining  i 
soft  and  sectile ;  sp.  gr.  2.67,  after  absorb- 
ing water.  It  is  the  purest  of  the  cobalt 
ochres.  It  is  found  with  the  preceding.  It 
contains  silver. 

5.  The  sulphate  of  cobalt  is  found  at  Bi- 
ber,  near  Hannau,  in  Germany.  It  con- 
sists of  sulphuric  add  19.74,  oxide  of  cobalt 
3a71,  water  41.55:  it  has  a  light  flesh-red 
colour,  and  a  stalacUtical  form ;  streak  yel- 
lowish-white ;  taste  styptic. 

Bismuth  cobalt  ore.  Colour  between  lead 
and  steel-grey ;  lustre  metallic ;  texture  ra- 
dialed ;  scratches  fluor  in  consequence  of  in- 
termixed quartz;  sp.  gr.  4l5  to  4.7 :  before 
the  blowpipe  on  charcoal,  it  gives  out  vapours 
of  arsenious  add ;  after  roasting,  it  com- 
municates to  glass  of  borax  a  smidt-blue  co- 
lour. Its  constituenu  are,  arsenic  77.96, 
cobalt  9.89,  iron  4.77,  bismuth  3.89,  copper 
1.3,  nickel  1.1,  sulphur  1.  The  charac- 
teristic ingredients  of  this  ore  are,  arsenic 
cobalt  and  arsenic  bismuth,  a  combination 
of  these  metals  hitherto  not  met  with  in  the 
mineral  kingdom.  It  has  been  found  at 
Scbneeberg  in  Saxony. 

VI.  CoFFEB  Ores. 

1.  Octahedral  or  native  copper.  Colour 
copper-red,  frequently  incrusted  with  green ; 
massive^  imitative,  and  crystallized  in  the 
perfect  cube,  the  cube  truncated  on  the 
angles,  on  the  edges,  aad  on  the  edges  and 
angles,  the  garnet  dodecahedron,  perfect  oc- 
tohedron,  and  rectangular  four-sided  prism ; 
lustre  glimmering,  metallic;  fracture  hack- 
ly ;  streak  splendent  metallic ;  harder  than 
idlver;  completely  malleable;  flexible^  but 
not  elastic  ;  difficultly  frangible ;  sp.  gr.  8.4 
to  8.7.  It  consisu  of  99.8  of  copper,  with 
a  trace  of  gold  and  iron.  It  occurs  in  vans, 
in  granite,  gneiss,  &c  and  is  found  chiefly 
in  Cornwall. 

2.  Octahedral  red  copper  ore. 

a.  Foliated  red  copper  ore.  Colour  dark 
cochineal-red;  massive,  and  crystallized  in 
the  perfect  octobedron,  which  is  the  primi- 
tive form;  in  the  octobedron,  truncated  on 
the  angles ;  on  the  edges,  with  each  angle 
acuminated  with  four  planes;  bevelled  on 
the  edges,  and  each  angle  acuminated  with 
eight  planes ;  lustre  adamantine^  inclining  to 
semi-metallic;  cleavage  fourfold;  translu- 
cent on  the  edges,  or  translucent;  streak 
muddy  tile-red;  hardness  between  calcare- 
ous and  fluor-spar;  brittle;  sp.  gr.  5.6  to 
6.0. 

b.  Compact  red  copper  ore.     Colour  be^ 
tween  lead-grey  and  cochineal-red ;  massive  • 
and  reniform ;  lustre  semi-metallic ;  fracture 
even ;  opaque ;  streak  tile-red ;  brittle. 

c.  Cajnllary  red  cojtper  ore.  Colour  car- 
mine-red; in  small  capillary  crystals;  lus- 
tre adamantine ;  translucent. 
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TIm  whole  of  these  red  ones  en  deuiOMdee 
of  copper,  end  ere  cenly  leduced  to  the  me- 
tellic  ttate  before  the  blowpipe.  They  die- 
■ohre  with  effiareflceDoe  when  thrown  in 
powder  into  nitric  ecid,  end  a  green  mtiate 
lesuki.  In  muriatic  add  no  effinreioenee 
takes  place.  Tbey  occur  prindpallj  in  veine 
Ifaat  traTcree  primitive  and  truMition  rodcs ; 
abundantiy  in  the  granite  of  ComwalL  Hie 
earthy  red  copper  ore,  which  is  rere^  is  a  sub» 
epecies  of  the  preceding. 

d.  Tile  are.  Hie  earthy  tile  ore  hes  a 
hyacinth-red  colour.  It  occurs  massive  and 
Sncnisting  copper  pyrites.  It  is  composed 
of  dull  dusty  particles.  It  soile  sligfatly,  and 
feels  meagre.  It  occurs  in  veins,  as  at  Leu* 
terberg  in  the  Harts.  The  indunUed  ttle  ore 
hes  an  imperfect  flat  conchoidal  fracture,  a 
etreek  fed>ly  shining,  and  is  intermediate 
between  semi*bard  and  soft.  It  is  an  inti- 
mate comlMnation  of  red  copper  ore  and 
brown  iron  ochre^  containing  from  10  to 
60  per  cent  of  copper. 

&  Black  copper,  or  black  oaide  of  copper. 
Colour  between  bluish  and  brownieh-bladc 
It  oocun  massive,  and  thinly  coating  copper 
pyrites.  It  is  composed  of  dull  pasty  par- 
ticles, which  scarcely  soiL  Streak  el%hdy 
shining.  Before  the  blowpipe  it  emits  a  sul- 
phureous odour,  melts  into  a  slag,  and  com- 
municates a  green  colour  to  borax.  It  is  said 
to  be  an  oxide  of  copper  with  oxide  of  iron. 
It  occurs  at  Carharrack  and  Tincroft  minei^ 
in  CorawalL 

4u  Emerald  copper  or  diopiase,  Colonr 
emendd-green.  It  occurs  only  crystallised. 
The  primitive  form  is  a  rhomboid  of  123^ 
5^.  The  only  secondary  form  at  present 
known  u  the  equiangular  six-sided  prism; 
lustre  shining  pearly;  cleavage  threefold; 
finoture  amall  conchoidal;  tranduccnt;  as 
hard  as  apatite;  brittle;  sp.  gr.  3.3.  It 
becomes  a  chestnut-brown  befone  4he  Mow- 
pipe,  and  tinges  the  flame  green,  but  is  in- 
fusible ;  with  borax  it  gives  a  bead  of  copper. 
Its  constituents  are,  o^de  of  copper  S8.57, 

cariioaate  of  lime  42.88,  siUca  28.67 Fau^, 

By  Lowits,.it  consists  €>f  55  oxide  of  copper, 
33  silica,  and  12  water,  in  100.  It  is  found 
in  the  land  of  Kirguise,  125  leagues  from  the 
Russian  firontier,  where  it  is  associated  with 
mahirbite  and  limestone. 

5.  Blue  ooitper,  or  prtematic  malackUet 
of  which  there  are  two  kind8,<«tbe  radiated 
and  earthy. 

a.  The  radiated  hes  an  azure-blue  cMour ; 
maasive,  imitative,  and  crystallized.  Its 
primitive  form  is  an  oblique  prism.  The 
secondary  forms  are»  an  oblique  four-sided 
prism,  variously  bevelled,  and  a  rectangular 
four-rided  prism,  or  eight-sided  prism,  acu- 
minated with  four  planes;  lustre  vitreous; 
cleavage  threefold ;  iivcture  imperfect  con- 
choidal; translucent;  colour  of  the  etreak, 
lighter;  harder  than  cakireousepir ;  brittle; 


fp.  gr.  &66 :  It  Is  aoliiUe  vjlh 
io  nilric  aod;  with  borax  it  yieUe  a 
l^ule,  and  colourB  the  Abz  green.  Ita 
stituents  aic^  copper  56^  cvhoiiic  tad  2&, 
oxygen  12.5,  water  6,5,^^raa^rueihu  It  ia 
found  at  l4^hilla  in  Piinrfrisa  thhr,  and 
Wanlockbead  in  Lamukshire^  and  at  Hnet- 
Viiginand  Cariurrsck  in  Cwiuraa,  and  m 
many  plaoea  on  the  CoatincBL 

6.  Earthy  blue  copper.  Celoor  suM^tOiliie  ; 
maasive;  friable;  ap.gr.a36i.     Itisf 
in  Norway,  &c 

The  velvet-blue  capper  belongs  to  the 
^ecies;  lustre  glistening  and  pearly, 
has  been  found  only  at  Ckaricaa  in  the 
net,  along  with  malachite  and  Ite  brown  i 


It 


6.  MaladuU:  oi  whidi  tlMre  «c^  the  fib- 
rous and  compact. 

a.  Fibnms  malackOt.  Coloor  peilect  enm- 
lald-green;  imitaiiva^  and  cryataJliaed  in  tAt 
lique  four-sided  prisms,  vaiumaly  bevdled  or 
truncated,  and  in  an  acute  angular  tfaiee- 
aided  priam;  cryatah  short,  capillary,  and 
adcttUir;  lustre  peariy or sQky; 
or  opaque ;  seller  than  blue  copper  ; 
pale  green ;  brittle;  sp.  gr.  3.66 
blowpipe  it  decrepitates,  and  bee 
Its  constituents  em,  copper  SS,  carbonic  < 
18,  oxf  gen  I2.5»  water  I  L&,^jat^nik.  Ik 
occurs  principaUy  in  irein^  It  is  fiwaid  at 
Sandlodge  in  Mainland,  one  of  the  SfaetiaQda; 
at  Iiandidno  in  Caemervenahire^  and  in  tfie 
mines  of  Arendal  in  Norway. 

b.  Compaet  malackiie.  Odour  cmeraUU 
greeny  anaaaive,  iautativ^  and  in  four-sided 
priams ;  glimmering  and  aUky ;  firactnre  anaafl 
grained  uneven ;  opaque;  eteeak  prie  green; 
sp.  gr.  3.65.  In  veins,  which  traverse  diL 
leient  rocks  in  Cornwall,  Norway,  &c.<— 
Broton  copper  from  Hindestan  is  placed  aAar 
thia  mineral  by  Profoaaor  Jameaon.  Its 
lour  is  daric  blackisb-brown  ;  massive ; 
sp.  gr.  2.62 :  it  effervesces  in  _ 
fall  a  red  powder.  Its  constituents  are,  car- 
bonic acid  16.7,  deutoxide  of  copper  60.75^ 
deutoxideofiron  19L5^  silica  2Ll.< 


7.  Copper^green, 

Coauaon  copper^greemt  at  ckryeaeottot 
tains  three  subspecies. 

a.  Conckaidal  copper-green*  Colour  ver- 
digris-green ;  massive^  imitative,  and  iniiwil 
ing;  glistening;  fracture  conchoidal;  trana- 
lucent ;  harder  than  gypeum ;  eaaily  Ibrngi- 
Ue;  sp.  gr.  2.0  to  2.2.  It  beeoaMa  Uaok 
and  then  brown  before  the  blowpipe,  but 
does  not  fuse.  It  melto  and  yields  a  malail- 
lic  globule  with  borax.  Ita  conatituents  are^ 
copper  40,  oxygen  1<^  caibonic  acid  7,  water 
17,  ailica  26.— ir/a;»«<A.  It  accompaniea 
malachite.     It  is  found  in  Cornwall,  &c. 

(Siliceout  copper,  or  laeseUtuf^,  is  a  varie- 
ty of  the  above.  Colour  aapamguc  green ; 
in  crusts ;  glistening ;  frncture  e^raner  earthy  s 


OR£a 


661 


OBB& 


oftdf^l  mA  In  comtitueirti  an,  copper 
87.8k  oxygn  8,  water  21.8^  iiUca  ^,  ftul- 
pbate  of  iron  3. 

6.  Earthy  iron^ot  copper-green'  Colour 
oliye^green ;  wamtret  mod  io  cniats;  fiiaUe; 
opaque;  flecdie. 

c.  Saggy  iro^tkol  ccppa^rtnu  Colour 
blaclusb-green ;  maailve;  gliatenin^;  frM> 
ture  concboidal ;  opaque ;  woit ;  easily  fran- 
gible :  it  is  probably  a  compound  of  concboi- 
dal copper-green  and  oxide  of  iron.  Both 
occur  together,  and  pasa  into  each  other.  It 
occun  in  Comwally  along  with  olivenite* 

8.  Prismatic  vitriol,  blue  vitriol^  or  mi/- 
phate  of  copper.  Colour  dark  sky-blue ;  naa- 
siTCt  imitative^  and  crystallized.  The  primi- 
tive figure  is  an  oblique  four-sided  prism,  in 
which  the  lateral  edges  are  124^  2f,  and  bSP 
S&;  with  edges  and  ai^j^  often  truncated ; 
shining ;  deavage  double ;  fracture  concbo^ 
di^;  translucent ;  harder  than  gypsum ;  sp. 
gr.  2.1  to  2.2:  taste  nauseous,  bitter,  and 
metallic;  its  solution  coats  iroo  with  me- 
tallic copper.  Its  €»D8tituento  are,  oxide  of 
copper  32.13,  sulphuric  add  31.^7,  water 
36.3. — BerweUus.  It  occurs  along  with  c<^ 
per  pyrites,  in  Bsry's  Dune  in  Angleso^  and 
in  Wicklow. 

9«  Pristnatic  oUntemte^  ot  photpkate  of 
§opper.  Colour  emerald-green ;  masrive^  and 
in  oblique  four-sided  prisms  of  IKP;  cleav- 
age double  oblique ;  listening ;  fracture  splin^ 
tery ;  opaque ;  streak  Terdigris-grsen ;  as  hard 
as  apatite;  brittle;  ep.  gr.  4  to  4^3:  fuses 
into  a  brownish  globule  Its  constituents 
are,  oxide  of  copper  68i.l3,  pboqihoric  add 
3a95.  It  is  found  at  Vimeberg  on  the 
fihine^  along  with  qnarti,  red  copper  ore»  &c» 

10.  Dipritmatic  o&oemie,  or  lenticular 
eopper.  Colour  8ky4)hie ;  masrive^  but  ge- 
nerally crystallised,  in  very  obli<pie  four- 
sided  prisms  bevelled,  in  rectangular  doable 
Ibor-sided  pyramids;  shining;  fracture  un- 
even ;  translucent ;  harder  than  gypsum ;  brit- 
tle; sp.  gr.  2.85 ;  converted  by  the  blowpipe 
into  a  black  friable  scoria.  Its  constituents 
are,  oxide  of  copper  49^  arsenic  acid  14^  wa- 
ter S^o^Ckenevix,     Found  in  ComwalL 

1 1.  Adcular  oHoenUe,  a.  Badialed  or  cv- 
preous  aroeniate  of  iron.  Colour  dark  verdi- 
gris-grsen;  massive,  imitative,  and  in  flat 
oblique  fbur-sided  prisms,  acuminated  or 
truncated;  lustre  glistening  pearly ;  translu- 
cent on  the  edges ;  as  hard  as  calcareous  spar; 
brittle;  sp.  gr.  3.4. 

b*  Foliated  adcular  oSvenile ;  araeniate  of 
copper,  Cdour  dark  olive-green;  in  an- 
gulo-granular  concretions,  and  in  small  crys- 
tals, which  are  oblique  four-sided  prisms, 
and  acute  double  four-sided  pyramids ;  glis- 
tening; fracture  conchddal;  translucent; 
streak  dive-green;  as  hard  as  calcareous 
spar;  brittle;  sp.  gr.  4.2  to -4.6:  it  boils, 
and  gives  a  hard  reddish-brown  scoria  before 
the  blowpipe.     Its  constituents  ore^  oxide  of 


copper  601  arsenic  add  S9.7.-p.a«ii«a».  In 
the  copper  mines  of  ComwalL 

c  Fibrotu  adcular  oUvemie,  Colour  olive* 
green ;  massive,  reniform,  and  in  capillary 
and  adcular  oblique  firar-dded  prisms ;  glis- 
tening and  pearly ;  opaque ;  as  hard  as  cahv 
spar ;  brittle ;  fibres  sometimea  flexible ;  streak 
brown  or  yellow;  sp.  gr.  4.1  to  4.2.  Its 
constituents  are,  oxide  of  copper  50,  aneme 
add  29,  water  21.     It  ocean  in  CornwalL 

d.  Earthy  adcular  olwemte.  Colour  olive-' 
green  ;  massive  and  in  crusts ;  dull ;  frac- 
ture fine  earthy ;  opaque ;  very  sofL  It  is 
found  in  Cornwall. 

12L  Atacamite^  or  muriate  tf  copper, 

a.  Compact,  Colour  leek-green ;  masrivc^ 
and  in  short  needle-shaped  crystals,  which 
are  oblique  four-sided  prisms,  bevelled  or 
truncated;  shining  and  pearly;  translucent 
on  the  edges ;  soft ;  brittle ;  sp^  gr.  4.4?  It 
tinges  tike  flame  of  the  blowpipe  of  a  bright 
green  and  blue,  muriatic  add  rises  in  vapours, 
and  a  bead  of  copper  reaodns  on  the  dusrooaL 
It  dissolves  vrithout  effervescence  in  nitric 
add.  Its  constituents  ar^  oxide  of  copper 
7aO,  water  16.9,  muriatic  add  10.1.— JTfap- 
roA,    It  occun  in  vdns  in  Chili  and  Saxony. 

h.  Arenaceous  ataeamite,  or  copper  satuL- 
Colour  grass-green  ;  in  glistening  scaly  par- 
tides;  it  does  not  soil;  it  is  translucent. 
Its  constituents  are,  oxide  of  copper  63»  water 
12;  muriatic  add  10,  carbonate  of  iron  1, 
mixed  nliceous  sand  11.  It  is  found  in  the 
sand  of  the  river  Lipes,  200  leagues  beyond 
Copiapu,  in  the  desert  of  Atacama,  which 
sqiarates  Chili  from  Peru. 

13.  Copper  pyrites, 

a,  Octohedral  copper  ppfites.  Oo  the 
fresh  fracture^  its  colour  is  brass-yeUow ;  but 
it  is  usually  tarnished;  maasiv^  imitative^ 
and  crystallised,  in  a  r^ular  octohedron, 
peiftct,  truncated  or  bevdlcd,  and  in  a  per- 
fect or  truncated  tetrahedron;  glistening; 
firactura  uneven;  hardness  from  calcareous 
to  fluor-cpar;  brittle;  sp.  gr.  4.1  to  4.1^ 
Before  the  blowpipe^  on  diarcoal,  it  decrepi- 
tates, emits  a  greenish-coloured  sulphureous 
smoke,  and  mdts  into  a  black  globule,  which 
assumes  metdlic  lustre.  It  tinges  borax 
green.  Its  constituents  are,  copper  30,  iron 
53^  sulphur  12,'— Chenedr.  It  contdna 
sometimes  a  little  gold  or  silver.  It  occura 
in  all  the  great  classes  of  rocks.  It  is  found 
near  Tynedrum  in  Perthshire^  at  the  mines 
of  Ecton,  at  P!ary*s  mountdn,  abundantly 
in  Comwdl,  and  in  the  county  of  WicUow 
in  Irdand.  The  rich  ores  are  worked  lor 
copper,  the  poor  for  sulphur. 

b,  Tetrahedral  copper  pyrites;  of  which 
spedes  there  are  two  sub-spedesy  grey  copper 
sold  black  copper. 

Grey  copper.  Colour  steel-grey;  maa- 
dve,  and  crystallized,  in  the  tetrahedronr 
truncated  or  bevelled,  and  in  therhomboi- 
dal  dodecahedron;  .qf>lcndent;  fractuie  un- 
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hardaem  m  calovcoot  flpar  md  Huor ; 
brittle;  <p.  gr.  4^4  to  4.9.  Its  oomtituents 
are,  copper  41,  inm  22.5^  mlpliiir  10^  anenic 
24.1,  flJTcr  a4w — Klapmk,  It  occurs  in 
beds  and  ▼sins  in  ComwaU,  and  many  other 


Bladt  cop/per.  Colour  iroiK4>lack ;  massive 
and  crystallized,  in  tbe  tetrahedron,  peHect, 
berellcd,  or  truncated;  splendent;  fracture 
concboidal;  brittle;  sp.  gr.  4.85u  Its  con- 
stituents tm^  copper  39,  antimony  19.5^  sul- 
phur 26,  iron  7.^  mercury  6,25.'— ^aproih. 
The  mercury  is  acddentaL  It  occurs  in 
▼eins  in  tbe  Hartz,  and  in  Peru. 

14.  White  copper.  Colour  between  silver- 
white  and  brass-yellow;  massive  and  disse- 
minated; glistening  and  metallic;  fracture 
uneven;  semi-bard;  brittle;  sp.  gr.  4^5. 
It  yields  before  the  blowpipe  a  white  arseni- 
cal  vapour,  and  melts  into  a  greyish-black 
slag.  It  contains  40  per  cent  of  copper,  the 
rest  being  iron,  arsenic,  and  sulphur.  It 
occurs  in  primitive  and  transition  rocks.  It 
is  found  in  Cornwall  and  Saxony. 

15u  Copjitr-glance,  or  vitreoui  cojtper. 

Rhomboidal  copper-glance. 

§  1.  Compact  Colour  blackish  lead-grey ; 
massive,  in  plates  and  crystallized ;  primitive 
form,  a  rhomboid ;  secondary  forms,  a  low 
equiangular  six-sided  prism,  and  a  double 
six-sidml  pyramid ;  glistening  metallic ;  har- 
der than  gypsum;  perfectly  sectile;  rather 
easily  frangible;  sp.  gr.  5.5  to  5.8.  Its 
constituenu  are,  copper  78.05,  iron  2.25, 
sulphur  18.5,  silica  Q.lS.-^^Klnproth. 

§  2.  Foliated.  Its  constituents  are,  cop- 
per 79.5»  sulphur  19,  iron  0.75,  quartz  1. 
UUmann.  It  occurs  in  primitive  rocks.  It 
is  found  also  in  transition  rocks,  at  Fassney- 
bum  in  East-Lothian,  in  Ayrshire,  at  M id- 
dleton  Tyas  in  Yorkshire,  in  Cornwall,  &c. 

16.  Variegated  copper.  Colour  between 
copper-red  and  pinchbeck-brown ;  massive, 
in  plates,  and  crystallized  in  six-sided  prisms ; 
glistening,  metallic;  soft;  easily  frangible; 
sp.  gr.  5.  It  is  fusible,  but  not  so  easily 
as  copper-glance  into  a  globule,  which  acts 
powerfully  on  the  magnetic  needle.  Its  con- 
stituents are,  copper  69.5,  sulphur  19,  iron 
7.5,  oxygen  ^.'—-Klajtroih.  It  occurs  in 
gneiss,  mica  slate,  &c.  It  is  found  in  Corn- 
wall. 

VII.  Gold  Ores. 

1 .   Hexahedralt  or  native  gold. 

a.  Crold'jfellow  native  gold.  Colour  per- 
fect gold-yellow.  Disseminated,  in  grains, 
and  crystallized,  in  the  octohedron,  perfect  or 
truncated;  in  the  cubo-octohedron ;  in  the 
cube,  perfect  or  truncated ;  in  the  double 
eight-sided  pyramid ;  in  the  tetrahedron  and 
rhomboidal  dodecahedron;  splendent;  frac- 
ture fine  hackly  ;  soft ;  difficultly  frangible ; 
malleable;  sp.  gr.  from  17  to  19,  and  eo 
low  as  12;  fusible  into  a  globule.  It  is 
gold  with  a  very  minute  portion  of  silver  and 


copper.  It  occurs  in  many  very  diflaicBC 
rocks,  and  in  almost  every  country.  See  tm. 
extensive  enumeration  of  localities,  io  Jame- 
son's Mineralogy. 

b.  Brats-yellow  native  goUf  occurs  capil- 
lary, in  octohedrons,  and  in  six-sided  tablw  ; 
sp.  gr.  12.713.  lU  constituents  are,  gold 
96.9,  silver  2,  iron  l.I.  It  is  found  in  the 
gold  mines  of  Hungary,  in  Siberia,  &c. 

c.  Greyish-yellow  native  gold.  Coloar 
brsss-ydlow  verging  on  steel-grey ;  in  small 
ilattish  grains ;  never  crystallized.  It  is  said 
to  contain  platina.  It  is  rsther  denser  thnn 
the  lasL  It  occurs  along  with  platina  and 
magnetic  iron  ore  in  South  America. 

d.  Argentiferous  gold,  or  eleetrum.  Co- 
lour pale  brass-yellow ;  in  small  plates,  and 
imperfect  cubes.  Its  constituents  are^  64 
gold,  36  silver.  It  occurs  along  with  mas- 
sive heavy  spar  in  Siberia.  Klaproth  says, 
it  is  acted  on  neither  by  nitric  nor  nitro- 
muriatic  acid.     See  TsLUnuDif  OsES. 

VIII.  iBimuM  Orr.  Colour  pale  steel- 
grey;  in  very  small  irregular  ^t  grains; 
lustre  shining  and  metallic ;  fracture  foliated  ; 
brittle;  harder  than  platina;  sp.  gr.  19L5: 
by  fusion  with  nitre,  it  acquires  a  dull  black 
colour,  but  recovers  its  original  colour  and 
lustre  by  beating  with  charcoaL  It  consists 
of  iridium,  with  a  portion  of  osmium.  It 
occurs  in  alluvial  soil  in  South  America^ 
along  with  platina.<— fTo/totton. 

IX.  Iron  Ores. 

I.  Native,  or  octahedral  iron. 

a.  Terrestrial  native  iron.  Colour  steel- 
grey  ;  massive,  io  plates  and  leaves ;  glisten- 
ing and  metallic  ;  fracture  hackly  ;  opaque ; 
malleable ;  hard  ;  magnetic.  Its  contituents 
are,  iron  92.5,  lead  6,  copper  1.5^— -^/a|?niiA. 
It  is  found  with  brown  iron-stone  and  quarts 
in  a  vdn  in  the  mountain  of  Oulle,  in  the 
vicinity  of  Grenoble,  &c. 

b.  Meteoric  native  iron.  Colour  pale  stcel-> 
grey,  inclining  to  silver-white ;  generally 
covered  with  a  thin  lm>wnish  crust  of  oxide 
of  iron.  It  occurs  ramose,  imperfect  globular* 
and  disseminated  in  meteoric  stones ;  surface 
smooth  and  glistening  ;  internally,  it  is  inter- 
mediate between  glimmering  and  glistenin|^ 
and  the  lustre  is  metallic  ;  fracture  hackly  ; 
fragments  blunt^edged ;  yields  a  splendent 
streak ;  intermediate  between  soft  and  semi- 
hard ;  malleable ;  flexible,  but  not  elastic  ; 
very  difficultly  frangible ;  sp.  gr.  7.575^  Its 
constituents 


Agram.  Arctic.  Mexloa  Siberia. 
Iron,  96.5  97  96.75  90.54 
Nickel,       a5  3  3.25  9.46 

100.0  100  100.00  100.00 
Klapr.  Brande.  Klapr.  Children. 
Tlie  American  native  iron  contains  0. 10  of 
nickel,  the  Siberian  0.17,  and  the  Senegam- 
bian  0.05  and  0.06. — Howard.  It  appears 
to  be  formed  in  the  atmosphere,  by  some  pro-, 
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hitherto  unknown  to  us.     See  Mcte-  Norberg  in  Westmannland,  in  Norway,  &c: 

OEOUTE,  and  Jameson'i  Mineralo^f  voL  iiL  It  afibids  an  excellent  malleable  iron. 

p*  101.  Micaceous  specular  iron  ore.    Colour  iron- 

II.  Iron  ore.  black ;  massive,  disseminated,  and  in  small 

a.  Octohedral  iron  ore,  of  which  there  are  thin  six-sided  tables,  intersecting  one  another 

three  kinds.  so  as  to  form  cells  ;    splendent,  metallic ; 

§  1.  Common  magnetic  iron  ore.     Colour  cleavage  single  curved  foliated ;  translucent 

iron^black  ;    massive,   in    granular  concre-  in  thin  plates;  streak  cherry-red ;  as  hard  as 

tions,  and  crystallized,   in  the  octohedron,  the  above ;    most  easily  frangible ;   sp.  gr. 

truncated,  bevelled,  and  cuneiform ;  rhom-  5.07 :   it  slightly  affects  the  magnet ;  it  is 

boidal   dodecahedron,  rectangular  four-sid-  peroxide  of  iron.     It  occurs  in  beds  in  mica 

ed    prism,   cube,    tetrahedron,    equiangular  slate.    It  is  found  at  Duukeld  and  Benmore 

six-sided  table,  and  twin  crystal ;  splendent  in  Perthshire ;  in  several  parts  of  England 

and  metallic;  cleavage  four-fold;   fracture  and  Norway,  &c.      The  iron  it  affords  is 

uneven ;  streak  black  ;  harder  than  apatite ;  sometimes  cold  short,  but  is  well  fitted  for 

brittle ;  sp.  gr.  4f.8  to  5.2 ;  highly  magnetic,  cast  ware.     It  is  characterized  by  its  high  de- 

with  polarity :   before  the  blowpipe  it   be-  gree  of  lustre,  openness  of  its  cleavage,  and 

comes  brown,  and  does  not  melt :  it  gives  easy  frangibility.     It  affords  from  70  to  80 

glass  of  borax  a  dark  green  colour.     Its  con-  per  cent  of  iron. 

stituents  are,  peroxide  of  iron  69,  protoxide  §  2.  Red  iron  ore;  of  which  there  are  four 
of  iron  31.— ^erze&us.  It  occurs  in  beds  of  kinds,  the  scaly,  ochry,  compact,  and  fibrous, 
great  magnitude,  in  primitive  rocks,  at  Unst,  Scalif  red  iron  ore,  or  red  iron  froth.  Co- 
at St  Just  in  Cornwall,  at  Arendal  in  Nor-  lour  dark  steel-grey  to  brownish-red ;  friable, 
way,  &c.     It  affords  excellent  bar-iron.  and  consists  of  semi-metallic  shining  scaly 

§  2.  Granular  magnetic  iron  ore,  or  iron  parts,  which  are  sometimes  translucent  and 

gand.   Colour  very  dark  iron-black ;  in  small  soil  strongly. .    Its  constituents  are,  iron  66, 

grains  and  octohedral  crystals ;  glimmering ;  oxygen  ^5,  silica  4.25,  alumina  1.25.— 

fracture  concboidal ;  brittle  ;  streak  black  ;  Henry.     But  Bucbolz  found  it  to  be  a  pure 

sp.  gr.  4.6  to  4.8 ;  magnetical  with  polarity,  red  oxide  of  iron,  mixed  with  a  little  quarts 

Its  constituents  are,  oxide  of  iron  85.5,  oxide  sand.     It  occurs  in  veins  in  primitive  rocks, 

of  titanium  14,  oxide  of  manganese  O.5.—  It  is  found  at  Ulverstone  in  Lancashire,  in 

Klaproth.     It  occurs  imbedded  in  basalt,  &c.  Norway,  &c 

It  is  found  in  Fifesbire,  in  the  Isle  of  Skye,  Ochry  red  iron  ore,  or  red  ochre.     Colour 

in  the  river  Dee  in  Aberdeenshire,  &c.  browni^-red ;  friable ;  dusty  dull  particles ; 

§  3.  Earthy  magnetic  iron  ore.     Colour  soils ;    streak   blood-red ;    easily   frangible ; 

bluish-black;  in  blunt-edged  rolled  pieces;  sp.  gr.  2.947.     It  occurs  in  veins,  with  the 

dull ;  fracture  fine  grained  uneven ;  opaque ;  preceding  ore.      It  melts  more  easily  than 

soft;  streak  black,  shining;   soils;   sectile;  any  of  tlie  other  ores  of  this  metal,   and 

it  emits  a  faint  clayey  smell  when  breathed  affords  excellent  malleable  iron. 

4>n;  sp.  gr.  2.2.    It  occurs  in  the  iron  mines  Comjtact  red  iron  ore.      Colour  between 

of  Arendal  in  Norway.  dark  steel-grey  and  blood-red ;  massive,  and 

b.  Rhomboidal  iron  ores  of  which  there  are  in  supposititious  crystals ;  which  are  an  acute 

three  sub-species.  double   six-sided   pyramid  from   calcareous 

§  1.  Sjtecular  iron  ore,  iro7i  glance,  orfer  spar,  and  a  cube  from  fluor-spar  and  iron 
oligitte  of  tlie  French.  Of  this  there  are  two  pyrites;  lustre  metallic ;  fracture  even;  streak 
kinds,  the  common  and  micaceou8.-^Co/nmon  pale  blood-red ;  easily  frangible ;  sp.  gr. 
specular  iron  ore.  Colour  dark  steel-grey  ;  4l232  :  when  pure  it  does  not  affect  the 
massive,  disseminated,  and  crystallized  ;  pri^  magnet.  Its  constituents  are,  oxide  of  iron 
mitive  form  a  rhomboid,  or  double  three-  70.5?  oxygen  29.5?'— 'Bucholx.  It  occurs 
sided  pyramid,  in  which  the  angles  are  87^  in  beds  and  veins  in  gneiss,  &c  It  affords 
9^,  and  92^  51' :  the  secondary  figures  are,  good  bar  and  cast-iron, 
the  primitive  form  variously  bevelled,  trun-  Fibrous  red  iron  ore,  or  red  hematite.  Co- 
cated,  and  acuminated ;  the  flat  rhomlM>id ;  lour  between  brownish-red  and  dark  steel- 
equiangular  six-sided  table ;  low  equiangular  grey ;  massive,  imitative,  and  in  suppoyiti- 
six-sided  prism,  and  very  acute  six-sided  tious  double  six-sided  pyramids  from  calca- 
pyramid ;  lustre  splendent  metallic;  cleavage  reous spar;  glistening, semi- metallic;  opaque; 
threefold;  fracture  imperfect  concboidal;  streak  blood-red ;  brittle;  sp.  gr.  4.74.  Its 
streak  cherry-red ;  hardness  between  felspar  constituents  are,  oxide  of  iron  90,  silica  2, 
and  quartz;  rather  difiicultly  frangible ;  sp.  lime  1,  water  3.— Z^au^uuson.  It  occurs  with 
gr.  5.2 ;  magnetic  in  a  slight  degree.  Its  the  compact  It  affords  excellent  malleable 
constituents  are,  reddish-brown  oxide  of  iron  and  cast-iron.  Its  powder  is  used  for  polish- 
94.38,  phosphate  of  lime  2.75,  magnesia  ing  tin,  silver,  and  gold  vessels,  and  for  co- 
0.16,  mineral  oil  1.25?— ifiMnger.     It  oc-  louring  iron  brown. 

curs  in  beds  in  primitive  mountains.     It  is  §  3.  Red  clay  iron  ore  or  stotu ;  of  which 

found  at  Cumbcrhead  in   Lrfuiarkshire;   at  the  varieties  are,  the  ochry,  the  columnar, 
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leotkidsr,  and  jmpery.  Hie  ftfstitiMed 
for  red  cniyoiifl»  aiid  is  called  red  chalk.  It 
oeenri  in  Heaaia,  &c.  The  second  conrists 
of  SO  oxide  of  iron,  13  water,  32  nlica,  and 
7  ahinuna.— Uroceikt.  It  is  rare,  and  is  called 
a  pseiid(»-yolcanic  product.  It  affiMrds  excel- 
lent iron.  It  consists  €ff  oxide  of  iron  6^ 
ahimina  83,  silica 7.5,  water 5.  Thejaspery 
is  found  in  Anstria. 

e.  PrUmatie  mm  ore,  or  tnwvn  iron-itone* 
Of  diis  we  bare  focn*  sub-species. 

J  1.  Ochry  brawn  iron  ore*  Tellowisb- 
btown;  masBire;  dull;  fracture  earthy; 
soils;  soft;  sectile.  Its  constitnents  are^ 
peroxide  of  iron  83^  water  12,  silica  6.  It 
occurs  with  the  following. 

$  2.  Compact  Colour  passes  to  clore- 
brown  ;  massire,  and  in  supposttitious  crys- 
tals from  pyrites ;  dull ;  brilde ;  sp.  gr.  3  to 
8.7.  It  contains  84  peroxide  of  iron,  11 
water,  and  2  silica.  It  affbrds  abont  50  per 
cent  of  good  bar  iron. 

5  3.  Fibrous,  Clove-brown ;  imitatife, 
and  in  supposititious  crystals ;  splendent  ez- 
temally,  gliamiering  internally;  opaque; 
harder  than  apatite;  brittle;  sp.  gr.  3.9; 
streak  pale  yellowish-brown.  Its  consti- 
tuents are,  80.25  oxide  of  iron,  15  water, 
&75  iDaea.'-^Vavgiieliiu 

The  preceding  subspecies  occur  most  fre- 
quently in  tran^tion  and  secondary  moun- 
tains. They  are  found  in  veins  in  sand- 
stone, along  with  heavy  spar,  at  Cumberhead 
in  Lanarkshire,  &c.  They  melt  easily,  and 
afford  from  40  to  60  per  cent  of  good  bar, 
but  indifTerent  cast-iron.  Good  steel  may  be 
made  firom  it. 

5  4U  Brown  clay  iroii  ore;  of  winch  there 
are  five  kinds,  the  common,  the  pisiform,  the 
renifbrm,  the  granular,  and  umber. 

The  Jirst  occurs  massive ;  has  a  flat  con- 
ehoidal  fWurture;  a  brown  streak;  and  is 
soft  It  contains  69  oxide  of  iron,  3  man- 
ganese, 13  water,  10  silica,  and  3  alumina. 
The  $econd  has  a  yellowtsh^brown  colour. 
It  occurs  in  small  solid  spherical  grains, 
composed  of  concentric  concretions ;  sp.  gr. 
a  142.  It  consists  of  48  oxide  of  iron,  31 
alumina,  15  silica,  and  6 \ftAer.'^Fauquelm. 
It  is  found  in  hollows  in  shell  limestone,  at 
Cralston  in  Ayrshire,  &c.  It  yields  from  40 
to  50  per  cent  of  iron ;  and  in  Dalmatia  it 
ik  used  as  small  shot  The  third  baa  a  yel- 
loii^sb-brown  colour;  massive  and  imita- 
tive; in  concentrie  lamellar,  concretions, 
which  often  include  a  loose  nodule;  glim- 
mering ;  sectile.  Its  constituents  are,  per- 
tixide  of  iron  76,  water  14,  silica  5,  oxide 
of  manganese  2.  It  occurs  in  iron-shot  clay 
in  secondary  rocks.  It  is  found  in  East  and 
Mid-Lothian,  in  Golebrookdaley  &c  It  yields 
an  excellent  iron.  The  fourthf  or  granular, 
occurs  massive  and  in  grains ;  fracture  thick 
slaty ;  streak  yello^idh-brown ;  soft ;  brittle ; 
.spk  gr.  3.    It  occurs  in  beds  between  the  red 


HmaslDiw  of  tlw  salt  lortofltfOB,  sadAeliM 
limestones  It  h  found  in  Bavaaia,  Franec^ 
&C.  It  affbrds  about  40  per  cent  of  ipood 
iron.  F^h,  Umber,  Cdk>ur  dove-brown 
■lasHve;  dull;  fracture  flat  conchoidal 
soft ;  sectile ;  soib  strongly  ;  feeb  meagre 
adheres  strongly  to  tbe  tongue,  and  readily 
fidk  to  pieces  in  water;  sp.  gr.  2.00.  It 
consists  of  oxide  of  iron  46,  oxide  of  man- 
gancae  20,  silica  13,  alumina  &,  water  14.— 
Klapraih.  It  occurs  in  beds  in  tfie  islaii  of 
Cjrprus.     It  is  used  as  a  pigment. 

Bog  iron  ore  is  arranged  as  a  variety  of  Ao 
above.     There  are  three  kinds  of  it  :— 

§  L  Meadow  ore,  or  fiicMe  Aog  iram  ofte. 
Colour  pale  yellowish-brown;  friable;  doll; 
fracture  earthy;  soils;  it  feds  meagre,  but 
fine. 

§  2.  Swamp  ore,  or  induraied  6ag  vos  ore. 
Colour  dark  yellowisb-brown  ;  corroded  and 
vesicular;  dull;  earthy;  very  soft;  aectile; 
sp.  gr.  2.944. 

$  3»  Meadow  ore,  or  conehoidal  bog  tram 
ore.  Blackish-brown;  massive^  and  tube- 
roae ;  glistening ;  fiacture  smalt  conehoidal ; 
streak  yellowish-grey;  soft;  sp.  gr.  2.6b 
Its  constituents  are^  oxide  of  iron  66,  oxide 
of  manganese  1.5,  phosphoric  add  8^  water 
23.— IT/^mrtA.  By  Vsuquelin's  experiments 
it  seems  to  contain  also  chrome^  magnesia, 
silica,  alumina,  and  lime ;  sine  and  lead  arc 
likewise  occasionally  present.  It  belongs  to 
a  recent  formation,  Wemer*s  ingenious  theory 
of  which  is  given  by  Professor  Jameson,  voL 
Xiii.  p.  247.  It  is  found  in  the  Highlands 
of  Scotland,  in  Saxony,  &c.  The  second  is 
most  easUy  reduced,  and  affords  tbe  beat 
iron. 

Pitchy  iron  ore  may  also  be  placed  herBL 
Its  colour  is  blackish-brown ;  massive  ;  g!i»> 
tening ;  fracture  flat  conehoidal ;  trsnalucent 
on  the  edges ;  hard ;  streak  yellowisb-gr^ ; 
brittle ;  sp.  gr.  3.562.  Its  constttuenu  ara, 
phosphoric  acid  27,  manganese  42,  oxide  of 
iron  31.— rav^ue/tn.  It  occurs  near  Li- 
moges in  FVance. 

Iron  sinter.  Colour  brown  ;  massive  and 
imitative;  glistening;  fracture  flat  conehoi- 
dal ;  translucent ;  soft ;  brittle ;  sp.  gr.  2.4l 
Its  constituents  are,  water  25»  oside  of  iron 
67,  sulphuric  add  %,'^Klapfotk.  It  occura 
in  the  gdleries  of  old  mines  in  Saxony  aad 
Slesia. 

IlL  iron  pyrites, 

§  1.  Hesahedrtd  or  common  iron  pyrites. 
Colour  perfect  bronxe-yellow ;  massive,  imi- 
tative, and  crystallized,  in  cubes,  variously 
bevelled ;  lustre^  from  specular  splendent  to 
glistening  and  metallic;  cleavage  hexabed- 
ral ;  fracture  uneven ;  harder  than  felspar, 
but  softer  than  quarts ;  brittle ;  when  rubbed 
it  emits  a  strong  sulphureous  smell;  sp.  gr. 
4.7  to  5.  It  bums  with  a  bluish  flame  and 
Sulphureous  odour  before  the  blowpipe.  It 
afterwards  changes  into  a  brownisb-coloiired 


ORES. 


655 


ORES. 


globcde^  which  is  sttractiblai  by  llie  iftimet 
Its  ooostituente  are,  sulphur  52.5,  bon  47.5. 
'^Hatchett.  Silver  and  gold  are  occatkniaUy 
prescDt.  It  occurs  in  beds  in  various  moun- 
Uins.  It  is  worked  for  sulphur  or  copperas. 
-   $  8.  PrisnutHc  iron  pyrites. 

a.  Radiated  pyrites.  Colour  pale  bronxe- 
yellow ;  most  usually  imitative,  or  crystal- 
liied.  Primitive  form  is  an  oblique  foor^ 
sided  prism,  in  which  the  obtuse  angle  is 
106^  36';  secondary  forms  are^  the  above 
variously  bevelled,  and  the  wedge-shaped 
double  four-sided  pyramid ;  harder  than  fel- 
spar;  sp.  gr.  4u7  to  5.0.  Its  constituents  are, 
sulphur  53.6,  iron  46.4. — Hatchett.  It  is 
inuch  rarer  than  the  preceding.  It  is  found 
in  Cornwall,  Isle  of  Sheppy,  &c. 

fr#  HejMitie  or  liver  pyrites.  Colout  pale 
brasa-yeUow;  massive  and  imitative;  glim^ 
mering  and  metallic;  fracture  uneven;  sp. 
gr.  4.834b  It  occurs  In  veins  in  primitive 
rocks.     It  is  found  in  Derbyshire,  &c. 

c.  CelhUar  pyrites.  Colour  bronze-yellow ; 
cellalar ;  surface  of  the  cells  drusy ;  fracture 
flat  conchoidaL  It  occurs  in  veins  at  Johann« 
gaorgenstadt  in  Saxony. 

d.  Spear  pyriiet.  Colour  between  brome' 
yellow  and  steel-grey;  crystallized  in  twin 
or  triple  crystals ;  fracture  un^en.  It  oc- 
curs in  veins  in  primitive  rocks,  associated 
with  brown  coal. 

e.  Cockscomb  pyrites.  Colour  as  above ; 
erystallized  in  double  four-sjded  pyramids ; 
glistening  and  meullic  It  occurs  in  Derby- 
shire. 

•  §  3.  Rhomboidal  iron  pyrites  or  magnetic 
pyrites. 

•a*  Foliated  magnetic.  Colour  between 
bronze-yellow  and  copper-red ;  massive,  and 
sometimes  crystallized,  in  a  regular  six-sided 
^rism,  truncated,  and  in  a  six-sided  pyramid ; 
^Undent  and  metallic;  sp.  gr.  4.4  to  4.6. 
It  occurs  in  Saxony. 

b.  Compact  magnetic.  Same  colour ;  mas- 
sive; it  affects  the  magnetic  needle.  Its  con- 
atitnents  are,  sulphur  36.5,  iron  63.5.— ^a^ 
cketi.  It  is  found  in  Galloway  and  Caemar- 
vonsfaire. 

IV.  Native  salts  of  iron. 

•  o.  The  Prismatic  chrome  ore.  Colour  be- 
tween steeUgrey  and  iron-black ;  massive,  and 
in  oblique  fbur-saded  prisms,  acuminated  witli 
ftmr  planes;  lustre  imperfect  metallic;  frac- 
ture small  grained  uneven;  opaque;  hard- 
nasB  between  apatite  and  felspar;  streak  dark 
brown ;  sp.  gr.  4.4  to  4.5 :  some  varieties  are 
apagnetic,  others  not ;  it  is  infusible  before 
the  blowpipe ;  with  borax,  it  forms  a  beauti- 
ful green-coloured  mass.  Ibe  constituents 
of  the  FVench  arei,  oxide  of  iron  34.7,  oxide 
of  chrome  43;  alumina  20.3,  silica  2. -^Haity. 
The  Siberian  contains  34  oxide  of  iron,  53 
oxide  of  chrome,  1 1  alumina,  1  silica,  and  1 
manganese.-— Zaugier. 

'■   According  to  Dr  Thomson,  pure  chrome 


uron  ore  afforded  green  oxide  of  dirome 
52.95,  peroxide  of  iron  29.24^  alumina  12.22, 
white  matter  3.09,  water  a7,  as  98.2,  with 
a  trace  of  silica.  Excluding  the  unknown 
salt  (white  matter),  he  represetits  thb  ore  as  a 
compound  of 
2  atoms  green  oxide  of  chrome  ^a  10 
I  atom  peroxide  of  iron  ss    6 

1  atom  alumina,  sas    2.25 

It  occurs  in  primitive  serpentine.  It  is 
found  in  the  islands  of  Unst  and  Fetlar  in 
Scotland,  and  also  at  Portsoy  in  Banffshire. 
In  considerable  quantity  in  serpentine  on  the 
Bare-hills  near  Baltimore. 

A.  Sparry  iron,  or  carbonate  of  iron.  Co- 
lour pale  yellowish-grey;  massive^  dissemi- 
nated  and  crystallized.  The  primitive  form 
is  a  rhomboid  of  107^;  the  following  are 
sOme  of  the  secondary  forms  i^Hie  primi- 
tive  itaomboid,  perfect  or  truncated;  a  still 
flatter  rhomboid;  the  spherical  lenticular 
form;  the  saddle^aped  lens;  the  equian- 
gular  six-sided  prism ;  glistening  and  pearly ; 
cleavage  threefold ;  fracture  foliated ;  tranal 
lucent  on  the  edges,  or  opaque ;  streak  white 
or  yellowish-brown ;  harder  than  calcareous 
spar;  sp.  gr.  a6  to  a9:  it  blackens,  and 
bacomes  magnetic  before  the  blowpipe;  it 
effervesces  with  muriatic  acid.  Its  consti- 
tuents are^  oxide  of  iron  57.5,  carbom'c  acid 
86,  oxide  of  manganese  3.5,  h'me  1.25.^. 
Iklaproth.  It  occurs  in  veins  in  granite  and 
in  limestone,  in  small  quantities,  in  Britain ; 
in  great  quantity  at  Schmalkalden  in  Hes- 
sia.  It  affords  an  iron  well  suited  for  mak- 
ing  steel. 

We  are  indebted  to  Dr  Colquhoun  for 
several  elaborate  analyses  of  the  carbonates 
of  iron  of  the  Glasgow  coel-fleld ;  ores  which 
afford  the  best  quidities  of  casUiron  made  in 
that  district.  The  richest  specimen,  that  from 
the  neighbourhood  of  Airdrie,  afforded  him, 
in  100  parts,  of  carbonic  acid  35.17,  prou 
oxide  of  u-on  53.03,  lime  a33y  magnesia 
1.77,  silica  1.4,  alumina  0.63,  peroxide  of 
iron  0.23;  carbonaceous  or  bituminous  mat- 
ter a03,  moisture  and  loss  1.41.  This  is  the 
richest  of  the  nine  varieties  which  he  ex». 
mined;  it  contains  41.25  nearly  of  metallic 
iron.     Its  specific  gravity  was  a 0533. 

c.  Rhomboidal  vitriol^  or  green  vitriol.  Co- 
lour emerald-green.  Primitive  form  of  the 
crystals  is  a  ibomboid,  with  edges  of  81^  23^ 
and  98°  37' ;  and  plane  angles  of  100°  lO' 
and  79°  5^.  Vitreous  or  pearly  lustre; 
cleavage  threefbld ;  fracture  flat  conchoidal ; 
semitransparent ;  refracts  double ;  as  hard  as 
gypsum  ;  sp.  gr.  1.9  to  2.0 ;  taste  sweetish, 
s^tic,  and  meullic;  before  the  blowpipe, 
on  charcoal,  it  becomes  magnetic.  Its  con- 
stituents are^  oxide  of  iron  25.7,  sulphuric 
acid  2.89,  water  ^.4t.-^Berzelius.  It  results 
from  the  decomposition  of  iron  pyrites. 

d.  drseniate  of  iron.     See  Cube  Ore. 

e.  Blue  iron,  or  phosphate  of  iron. 
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Prismatic  blue  iron* 

§  I.  Foliated  blue  iron.  Colour  dark  in- 
digo-blue. Primitive  form  an  oblique  four- 
sided  prism:  The  secondary  forms  are,  a 
broad  rectangular  four-sided  prism,  trun- 
cated, and  an  eight-sided  prism ;  sliining ; 
cleavage  straight,  single ;  translucent ;  as 
hard  as  gypsum  ;  streak  paler  blue ;  sectile, 
and  easily  frangible  ;  fleiible  in  thin  pieces ; 
tp.  gr.  2.8  to  3.0.  Its  constituents  are,  oxide 
of  iron  41.25,  phosphoric  acid  19.25,  water 
31.25,  iron-sliot  silica  1.25,  alumina  5.— - 
Fourcroy  and  Laugier,  It  occurs  in  St  Ag- 
nes*s  in  Cornwall. 

§  2.  Fibrous  blue  iron.  Colour  indigo- 
blue;  massive,  and  in  delicate  fibrous  con- 
cretions; glimmering  and  silky;  opaque; 
soft.  It  occurs  in  syenite  at  Stavem  in  Nor- 
way. 

§  3.  Earthy  blue  iron.  Colour  as  above ; 
friable,  and  in  dusty  particles ;  soils  slightly ; 
r&ther  light :  before  the  blowpipe  it  loses  its 
blue  colour,  becomes  reddish-brown,  and  last- 
ly melts  into  a  black-coloured  slag,  attract- 
ible  by  tlie  magnet.  Its  constituents  are, 
oxide  of  iron  47,  phosphoric  acid  32,  water 
20,-^JClaproth.  It  occurs  in  nests,  in  clay- 
beds,  in  several  of  the  Shetland  blands, 
and  in  river  mud  at  Toxteth,  near  Liver- 
pool. 

4.  Tungtlate  of  iron.  See  Ores  of  Tung- 
sten. 

5.  Blue  iron-stone.  Colour  indigo-blue ; 
massive,  and  with'  impressions  of  crystals  of 
brown  iron  ore ;  glimmering,  or  dull ;  frac- 
ture coarse  grained  uneven ;  opaque ;  semi- 
hard; rather  brittle;  sp.  gr.  3.2. — JTlaproih. 
It  loses  its  colour  by  heat ;  and  with  borax 
forms  a  clear  bead.  Its  constituents  are, 
oxide  of  iron  40.5,  silica  50,  lime  1.5,  natron 
6,  water  3.  It  occurs  on  the  banks  of  the 
Orange  River  in  South  Africa. 

X.  Lead  Ores. 

1.  Galena,  or  lead-glance. 

Hexahedral  galena. 

§  I.  Common.  Colour  fresh  lead-grey; 
massive,  imitative,  and  crystallized  in  cubes, 
octohedrons,  rectangular  four-sided  prisms, 
brood  unequiangular  six-sided  prisms,  six- 
sided  tables,  and  three-sided  tables;  specu- 
lar splendent,  to  glimmering ;  lustre  metal- 
lic ;  cleavage  hexahedral ;  fragments  cubical ; 
harder  than  gypsum ;  sectile  and  frangible ; 
sp.  gr.  7  to  7.6 :  before  the  blowpipe  it  flies 
in  pieces,  then  melts,  emitting  a  sulphureous 
odour,  while  a  globule  of  lead  remains.  Its 
constituents  are,  lead  83,  sulphur  16.41,  silver 
0.08.— IKeffrum^.  It  occurs  in  beds,  &c  in 
various  mountain  rocks ;  at  Leadhills  in  La- 
narkshire, &c.  Nearly  all  the  lead  of  com- 
merce is  obtained  from  galena,  llie  ore  is 
roasted,  and  tlien  reduced  with  turf. 

§  2.  Compact  galena.  Colour  somewhat 
darker  than  the  preceding ;  massive,  shining, 
metallic;  fracture  flat  conchoidal ;  streak  more 


brilliant  It  consists  of  surphuret  of 
sulphuret  of  antimony,  and  a  sumU  portioa 
of  silver.  It  is  found  at  Leadhills  in  Lanark- 
shire, in  Derbyshire,  &c. 

§  3.  Friable  galena.  Colour  dark  fresh 
lead-grey ;  massive  and  in  thick  flakes  ;  tec- 
tile.     It  is  found  only  around  Freyberg. 

Blue  lead.  Colour  between  very  dark  in- 
digo-blue and  dark  lead-grey  ;  massive,  amd 
crystallized  in  regular  six-sided  prisms ;  fee- 
bly glimmering ;  soft ;  sectile ;  sp.  gr.  5.461. 
It  is  conjectured  to  be  sulphuret  of  lead,  in- 
termixed with  phosphate  of  lead.  It  ocean 
in  veins.  It  has  been  found  in  Saxony  and 
France. 

Cobaltic  galena.  Colour  fresh  lead-grej; 
minutely  disseminated  in  exceedingly  small 
crystals,  aggregated  in  a  moss-lilw  form; 
shining  and  mettdlic ;  scaly  foliated ;  opaque; 
soft ;  soils  feebly.  It  communicates  a  smalt- 
blue  colour  to  glass  of  borax.  It  oocun  near 
Clausthal  in  the  Hartz. 
2.  Lead  sjpar. 

§  1.  Triprismatic  lead  spar,  or  stUpkaU  <f 
lead.  Colours  yellowish  and  greyiali-white ; 
massive  and  crystallized.  In  the  primitive 
form  the  vertical  prism  is  120^.  The  prin- 
cipal crystallizations  are,  an  oblique  four- 
sided  prism,  variously  bevelled  or  truncated, 
and  a  broad  rectangular  iTour-aided  pyramid  ; 
lustre  shining,  adamantine;  fracture  con- 
choidal; translucent;  as  hard  as  calcareous 
spar;  streak  white;  brittle;  sp.gr.  6.3:  it 
decrepitates  before  the  blowpipe,  then  meHa, 
and  is  soon  reduced  to  the  metallic  statew 
Its  constituents  are,  oxide  of  lead  70.5,  sul- 
phuric acid  25.75,  water  2.25.— AT^i/iroCft. 
It  occurs  in  veins  along  with  galena  at  Wan- 
lockhead  in  Dumfries-shire^  Leadhills,  Fuy*s 
mine,  and  Penzance. 

§  2.  Pyramidal  lead  spar,  or  yeUew  iemd 
spar.  Colour  wax-yellow ;  massive,  ceUulary 
and  crystallized.  Its  primitive  foma  is  a 
pyramid,  in  which  the  angles  are  99^  W  and 
131^  45^:  its  secondary  forms  are,  the  pyra- 
mid variously  truncated  on  the  angles  and 
summits,  and  a  regular  eight^sided  table; 
lustre  resinous ;  cleavage  fourfold ;  fracture 
uneven  ;  translucent ;  as  hard  as  calcareous 
spar;  brittle;  sp.  gr.  6.5  to  6.8.—- l/oAs. 
(5.706,  Hatchett).  Its  constituents  are^  oxide 
of  lead  58w4,  molybdic  acid  38,  oxide  of  iron 
2.08,  silica  0.2a — Hatchett.  It  occurs  at 
Bleiberg  in  Carinthia. 

§  3.  Prismatic  lead  spar,  Kur  red  lead  spar. 
Colour  hyacinth-red;  crystallised,  in  long 
slightly  oblique  four-sided  prisms,  varioudy 
bevelled,  acuminated,  or  truncated;  splen- 
dent, adamantine;  fracture  uneven;  trans- 
lucent; streak  between  lemon-yellow  and 
orange-yellow ;  harder  than  gypsum ;  sectile; 
easily  frangible;  sp.  gr.  6.0  to  6. 1 :  before 
the  blowpipe  it  crackles  and  melts  into  a  grey 
slag ;  it  does  not  eflTepresce  with  acids.  Its 
oonstituento  are,  oxide  of  lead  63.96,  chromic 
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add  36.4.— -Fatt^utfim.  It  occurs  in  veins  in  bevelled,  and  acuminated;  splendent  and 

gneiss  in  the  gold  mines  of  Beresofsk  in  Si-  adamaotine ;    cleavage   threefold ;    fracture 

beria.  concboidal;  transparent;  soft;  sectile,  and 

§  4.  Bkomboidal  lead  tpar»  easily  frangible ;  sp.  gr.  6.065 :  it  melts  in- 

a.  Green  lead  tpar.  Colour  grass-green,  to  an  orange-coloured  globule.  Its  consti- 
Imitative  or  crystsllised.  The  primitive  form  tuents  are,  oxide  of  lead  85.5^  muriatic  add 
is  a  diihomboid,  or  a  flat  equiangular  double  8»5,  carbonic  acid  6.— JHoproM.  It  is  found 
six-ttded  pyramid :  the  secondary  forms  are,  in  Cromfoird-level  near  Matlock  in  Dert>y- 
the  equiangular  six-aided  prism,  variously  shire. 

truncated  and  acuminated ;  splendent;  frac-  ArteniaU  of  lead, 

tore  uneven ;  translucent ;  sometimes  as  hard  §  I.  'Ben^orm.     Colour  reddish-brown ; 

as  fluor ;  brittle;  sp.  gr.  6.9  to  7.2 :  it  dis-  shining  ;  fracture  concboidal ;  opaque;  soft, 

solves  in  adds  without  effervescence.     Its  and  brittle;  sp.  gr.  3.933:  it  gives  out  ar- 

•  constituents  are,  oxide  of  lend  80,  phosphoric  senical  vapours  with  the  blowpipe ;  it  colours 

add  18^  muriatic  acid  1.62,  oxide  ci  iron,  a  glass  of  borax  lemon-yellow.  Its  constituents 

tXBoe. —JTffprolA.  It  occurs  along  with  galena  are^  oxide  of  lead  35,  arsenic  add  25,  water 

at  Leadhills  and  Wanlockhead,  at  Al^n  in  10,  oxide  of  iron  14^  silver  1.15,  silica  7, 

Cumberland,  &c  alumina  2.     It  is  found  in  Siberia. 

b.  Brown  lead  tpar.  Colour  dove-brown;  §  2.  Filamentout.  Colours  green  or  yel- 
massive,  and  crystallized  in  an  equiangular  low ;  in  adcular  six-sided  prisms,  or  in  ^Iky 
six-sided  prism,  and  an  acute  double  three-  fibres;  slightly  flexible  and  easily  frangible; 
aided  pyramid ;  glistening,  resinous ;  feebly  ap.  gr.  5.0  to  6.4k  Its  constituents  are, 
translucent;  streak  greyish-white;  brittle;  oxide  of  lead  69.76,  arsenic  add  26.4^  mu- 
sp.  gr.  6.91 :  it  melts  before  the  blowpipe,  riaticadd  1.58.-~Glrp£or.  It  occurs  in  Com- 
4md,  during  coding,  shoots  into  adcular  wall. 

crystals;  it  dissolves  without  efi*ervesoenoe         §  3.  Earthy  arseniale.     Colour  yellow; 

in  nitric  add.     Its  constituents  are,  oxide  of  in  crusts;  friable:  it  occurs  at  St  Prix  in 

lead  78.58^  phosphoric  add  19.73,  muriatic  France. 

.add  1.65.     It  occurs  in  veins  tliat  traverse         Native  minium.    Colour  scarlet-red ;  mas- 

gndss.     It  is  found  at  Miess  in  Bohemia.  sive^   amorphous,  and  pulverulent      It  is 

§  5.  Dipriamatic  lead  tpar,  found  in    Grassington-moor,  Craven.     Mr 

a.  Wkiu  lead  tpar.     Carbonate  of  lead.  Smithson  thinks  this  mineral  is  produced  by 
Colour  white;  massive,  and  crystallised ;  in  the  decay  of  galena  or  lead-glance. 

M  very  oblique  four-sided  prism,  an  unequi-         XI.  Manganese  Obes. 

angular  six-sided  prism,  acute  double  six-         1.  Prismatic  manganete  ore. 

sided   pyramid,   oblique  double    four-sided         §  1.  Grey  manganese  ore, 

pyramid,  long  acicuhur  crystals,  and  in  twin         a.  Fibrous  grey  manganese  dre.     Colour 

and  triple  crystals ;  lustre  adamantine;  frao-  dark  steeUgrey;   massive^  imitative,  and  in 

ture  small  conchoidal ;  translucent ;  refracts  very  delicate  acicular  crystals,  and  in  thin  and 

double  in  a  high  degree ;  harder  than  calca-  long  rectangular  four-sided  tables ;  shining 

leous  spar;  brittle;  sp.  gr.  6.2  to  6.6:  it  and  splendent;  soik  strongly ;  soft;  brittle. 

dissolves  with  effervescence  in  muriatic  and  It  occurs  in  the  Westerwald. 

nitric  adds;  it  yields  a  metallic  globule  with  b.  BadiateU.      Colour    dark    steel-grey; 

the  blowpipe.     Its  constituents  are,  oxide  of  massive,   imitative^    and  crystallised.     The 

lead  82;  carbonic  add  16,  water  2.—Klaproth,  primitive  form  is  an  oblique  four-sided  prism. 

It  occurs  in  vdns  at  Leadhills  in  Lanark-  in  which  the  largest  angle  is  about  100°; 

shire.  secondary  fonns  are,  the  primitive  bevelled, 

b.  Black  lead  tpar.  Colour  greyish-black  ;  or  acuminated,  or  spicular  crystals ;  deavage 
massive,  cellular,  and  seldom  crystallised,  in  prismatic ;  streak  dull  black ;  soils ;  soft ; 
fery  small  six-sided  prisms ;  splendent,  me-  brittle ;  spy  gr.  4i.4  to  4i.8 ;  shining  and  me- 
talkMidamantine ;  fracture  uneven ;  streak  tallic.  Its  constituents  are»  black  oxide  of 
whitish-grey.  Its  constituents  are,  oxide  of  manganese  90.5^  oxygen  2.25^  water  7.— 
lead  79,  cartKmic  add  18,  carbon  2.«»X.aiii-  Klaproth.  It  occurs  in  the  vidnity  of  Aber^ 
padius.     It  occurs  in  the  upper  part  of  vdns,  deen,  in  Cornwall,  Devonshire^  &c 

al  Leadhills,  &c.  c.  Foliated.  Colour  between  steel-grey 
e.  Earthy  lead  tpar.  Colour  yellowish-  and  iron-bkck ;  massive,  and  crystallized  in 
grey ;  massive ;  glimmering ;  opaque ;  streak  short  oblique  four-sided  prisms;  shining,  me- 
brown ;  very  soft ;  sp.  gr.  5.579.  lU  con-  tallic ;  cleavage  prismatic  ;  fracture  uneven ; 
stituents  are,  oxide  of  lead  66,  carbonic  add  other  characters  as  above ;  sp.  gr.  a74r2. 
12,  water  2.25,  silica  10.5,  alumina  4u75y  It  is  found  in  Devonshire. 
iron  and  oxide  of  manganese  2.25.— sToAn.  d.  Compact.  Fracture  even,  or  flat  con- 
It  is  found  at  Wanlockhead.  chmdal ;  sp.  gr.  4»  to  4.4 ;  other  characters  as 
Comevus  lead  ore*  or  tnuriate  of  lead,  preceding.  lu  constituents  are,  yellow  oxide 
Cok>ur  greyish-white;  crystallised,  in  an  of  manganese  50?  oxygen  33^  baryta  14, 
oblique  four-sided  prism,  variously  truncated,  T  t 
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nUca  1  to  6.  Amai^  daubtfmL  It  occiin 
at  Upton  Fyus  in  Devombiie. 

€.  Bartktf.  Friable.  It  oonasts  of  soni- 
neullic  ft«Uj  gfimmering  fine  lolj  perti- 
dny  wUch  soil  itrongly.  It  occurs  in  tlie 
Bune  Jobannis  in  the  Enegcbifge.  It  tinges 
botax  purple ;  and  efienrcsocs  with  muriatic 
acid,  gmng  out  chlorine.  These  five  kinds 
occur  in  granite  gneiss,  &c.  either  in  veins 
or  in  large  cotemporaneous  manMTu 

$  2.  Blaek  wutngnneu  ore* 

a,  Compact.  Colour  between  bluisb-blad^ 
and  steeUgrey;  massive,  imitative,  and  in 
curved  lamellar  concretions ;  glimmering  and 
inpcifect  metallic  lusti« ;  fracture  conchoi- 
dal ;  streak  shining,  vritb  colour  unchanged ; 
■emi^hanl ;  brittle ;  v^  gr.  4w7d. 

b,  Fiinroui.  Massive,  imitative,  and  in 
drlir*««  scopiform  concretions;  fragments 
cuneiform  and  spBnterj.  Its  other  characters 
aa  above.  It  yields  a  violet-blue  glass  widi 
borax.  It  oecun  in  veins  in  the  Ersegebirge. 
It  yields  a  good  iron  ;  but  9Cts  very  power- 
Ailly  on  the  sides  of  the  furnace.  It  ia  called 
black  hematite. 

c,  FoliatetL  Colour  brownish-black ;  crys- 
lalliaed  sometimes  in  acute  double  four-aided 
pyramids;  shining;  cleavage  single,  and 
curved  foliated ;  streak  dark  reddish»brown ; 
brittle.  It  it  supposed  to  consist  of  iron  and 
manganese. 

$  3.  Scaiy  brown  manganese  ore.  Colour 
between  steeUgrey  and  clove-brawn;  in 
crusts-;  massive  and  imitative ;  friable ;  com- 
posed of  shiningscaly  particles;  soibstrongly ; 
feels  greasy.  It  gives  to  glass  of  borax  an 
iriive>green  colour.  It  occurs  in  drusy  cavi- 
tiea  in  brown  hematite.  It  Is  found  near  Sand- 
lodge  in  Mainland,  one  of  the  Shetlanda. 

4.  Manganese  blende* 

PHsmatie*  Colour  iron-black;  massive, 
in  distinct  concretions,  and  sometimes  crya- 
talliied ;  primitive  form,  an  oblique  four- 
sided  prism,  which  becomes  variously  modifi- 
ed by  truncations  on  the  lateral  edges;  lustre 
splendent  and  semi-metallic ;  streak  greenish ; 
harder  than  calcareous  spar ;  easily  frangi- 
ble ;  before  the  blowpipe  it  giTes  out  sulphur, 
and  tinges  borax  violet>blue.  Itsconstituenta 
are,  oxide  of  manganese  83,  sulphur  11.5^ 
carlxmic  acid  &.^-Xl/ijtrolh.  Oxide  of  man- 
ganese 85,  sulphur  \d.^-^Vauquelm»  Itia 
found  in  CornwalL 

5.  Phosphate  of  manganese.  Colour 
brownish-black ;  massiTe  and  disseminated  ; 
glistening ;  fracture  flat  conchoidal ;  semi- 
transparent,  in  splinters;  scratches  glass; 
streak  yellowish-grey;  brittle;  sp.gr.  3.5 
to&7.  It  it  fusible  into  a  black  enamel. 
Its  constituents  are,  oxide  of  manganese  43, 
oxide  of  iron  31,  phosphoric  ackl  27.  It 
occurs  in  a  coarse  granular  granite  at  Li- 
moges m  Fiance. 

fi.  Rhomboidal  red  manganese, 

a.  Foliated,    Colourbright rose-red;  mas- 


sive, mtsliv^  and  crysCaJuaed  in 
sfaiaing,  paailj  ;  cleavage  rhomboidal; 
lucent  on  the  edges ;  hardness  beiweaa 
and  calcareoua  apar  ;  brittle ;  ap.  gr.  3L3  to 
a6:  before  the  blovrpipe  it  fint  beoomea 
dark  brown,  and  then  melta  into  a  rwMish 
Its  eonstitpents  are,  oxide  of 
52.6,  silica  39l6^  oxide  of  mm 
4.0,  lime  1.5^  Tolatile  ingndients  2.75l-» 
BerxeSus.  It  occurs  in  beds  of  spemlnr 
inm  ore  in  gneisa  hiUa  in  Sweden  and  SibcBa. 
The  spedmcnt  of  the  latter  aie  cut  into 
ornamental  stones. 

b.  Fibrous.  Cohwn,  roae-red  and  flesh- 
red ;  massiTe  and  in  distinct  prismatic  fibroua 
concretions;  glistening  and  pearly;  fin^- 
ments  splintery ;  foebly  tranaluoent.  It 
curs  in  Transylvania  and  Uungavy. 

c.  Compact.     Colour  pale  roae^ped ; 
aive  er  reniform ;  glimmering ;  ap.  gr.  3L3 
to  3.9.     Its  constituents  ar^  oxide  of 
ganese  61,  silica  30,  oxide  of  iron  5^  all 
2.^Lampad.    It  occurs  at  Kapnik  in  Ti 
^Ivania. 

Pitchy  iron  ore  may  be  r^arded  aaa  pboa- 
phate  of  naonganeae. 
X.II*  Mebcuby  OlES. 

1.  Native  mercMtsy. 

A.  Fiuid  mercury.  See  MESCUftY.  It 
occurs  principally  in  rocks  of  the  coal  forr 
mation,  associated  with  rinnri>ar,  comeoua 
mercury,  ftc.  Small  veina  of  it  aro  rarely 
met  witti  in  primitive  rocks,  aooompanied 
with  native  silver,  &&  It  ia  found  at  Idrin 
in  the  Friaul,  Nidcnlana  in  Upper  Huiu 
gary,  in  the  Palatinate^  Deux-Ponta^  &c. 

b.  Dodecahedrat  merany,  or  smtme  amal' 
gam. 

$  1.  Fhud  or  semi^nid  amalgams.  Co- 
knur  tin-white;  in  roundish  portions;  and 
crystallized  in  a  rtiomboidal 
rarely  perfect ;  splendent ;  when  cut  it 
a  creaking  sound ;  aa  hard  aa  talc  ;  apb  gr. 
10.5.  Its  eonstituenia  are^  mercury  74^  aiU 
ver  25.     It  b  found  at  Deux-Pdnts. 

$  2.  SoUd  amalgam.  Colour  silver-white; 
maasire  and  disseminated ;  fracture  flat  coo* 
cboidal ;  aa  hard  aa  gypsum ;  brittia;  creaka 
strongly  when  cut;  sp.  gr.  IQ.&.  Tb»  waemm. 
<niry  flies  off  before  the  blowpipe.  Its  oao- 
atituents  ara,  mercury  74^  silver  25.— 'if^yer. 
Mercury  64s  silver  36.^Xlaproth.  it  ia 
found  in  Hungary,  the  Deux-Ponts,  &c. 

2.  Omno^r,  or  prismato^rkomboidal  rrniy^ 
blsnde. 

o.  Dark  fed  cinnabar.  Colour  cochineal- 
red;  maaaive^  disseminated,  iaritative,  and 
crystallised;  primitive  form,  a  rbondwid; 
aeoondary  fonns,  a  regular  six-sided  prisma 
an  acute  rhomboid,  and  a  sixp^ided  table; 
splendent^  adamantine;  translucent;  atreak 
scarlet>red,  shining ;  harder  than  gypaum  ; 
aectile  and  easily  frangible ;  sp.  gr.  6.7  to 
a2.  It  melta,  and  is  vohitiiiaed  with  a  blue 
flame  and  fulphureoot  o^oor.     Ita 
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tuento  are,  mercury  84w5)  sulphur  14.75.— 
Klaproihm 

b.  Bright  red  cifmobar.  Colour  bright 
scarlet-red  ;  masaiTey  and  in  delicate  fibrous 
concretions;  glimmering  and  pearly;  frac- 
ture earthy ;  opaque ;  streak  shining ;  soils ; 
fnable.  It  occurs  in  rocks  of  day  slate, 
talc  slate,  and  chlorite  slate,  in  veins,  at  Hor- 
aowiti  in  Bohemia,  at  Idria,  &c. 

c.  Hepatic  cinnabar, 

§  1.  Compact,  Colour  between  cochineal- 
red  and  dark  lead-grey ;  massive ;  glimmer- 
ing and  semi-metallic ;  streak  sMning;  op^ 
aque;  soft;  sectile;  sp.  gr.  7.2.  Its  consti- 
tuents are,  mercury  81.8,  sulphur  13.75, 
carbon  2.3,  silica  0.65^  alumina  0l55,  oxide 
of  iron  0.2,  copper  0.02,  water  0.7a 

§  2.  Statjf  fnereurinl  hepatic  ore.  Colour  as 
above,  but  sometimes  approaching  to  black ; 
massive,  and  in  roundish  concretions ;  lustre 
shining,  semi-metallic ;  fracture  curved  slaty ; 
most  easily  frangible;  streak  cochineal-red, 
inclining  to  brown;  rather  lighter  than  the 
compact.  It  occurs  in  considerable  masses 
in  date  clay  and  bituminous  shale.  It  is 
most  abundant  in  Idria. 

3.  Comeotu  mercury,  or  horn  quicksibfer, 

Pyramidal  corneous  mercury.  Colour  ash- 
grey  ;  vesicular,  with  interior  crystallisations^ 
which  are^  a  rectangular  ibur-sided  prism, 
variously  acuminated,  and  a  double  four-sided 
pyramid ;  crystals  very  minute ;  shming,  ada- 
toantine;  cleavage  tii^le;  ftantly  translu- 
cent ;  soft ;  sectile,  and  easily  flrangible :  it  is 
totally  volatilized  before  the  blowpipe,  with  a 
gariic  smell ;  it  is  soluble  in  water,  and  the 
solution  mixed  with  lime  water  gives  an 
orange-coloured  precipitate.  Its  constituents 
are^  oxide  of  mercury  76,  muriatic  acid  16.4^ 
sulphuric  acid  7,6.~-^jriaproth,  It  occurs  in 
Bohemia,  ftc 

XIII.    MOLYBDENA  OaES. 

Rhomboiidat  molybdena.  Colour  fresh  lead- 
grey;  massive^  in  plates,  and  sometimes 
orystalliied ;  primitive  form  is  a  rhomboid ; 
secondary  figures  are,  a  regular  six-sided 
table,  and  a  very  short  six-sided  prism,  flatly 
acuminated  on  both  extremities ;  splendent 
metallic;  cleavage  single;  opaque;  streak  on 
paper  bluidi-grey;  on  porcelain  greenish- 
grey  ;  soils  sHghtly;  harder  than  talc;  easily 
frangible;  splits  easily ;  in  thin  leaves  flexible, 
but  not  elastic ;  sectile,  approaching  to  mal- 
leable; feels  greasy;  sp.  gr.  4k4  to  4i.6:  it 
emits  a  sulphureous  odour  before  the  blow- 
pipe :  it  is  soluble,  with  violent  effervescence, 
in  carbonate  of  soda.  Its  constituents  are, 
molybdena  60,  sulphur  40.— iSucAo^t.  It 
occurs  disseminated  in  granite,  gneiss,  &c.  It 
is  fbund  in  Glenelg  in  Inverness-shire,  at 
Peterhead,  at  Corybuy  at  the  head  of  Loch 
Creran,  in  Cornwall,  &c. 

Molybdena  ochre.  Colour  sulphur-yellow ; 
disseminated  and  incrusting  molybdena ;  fria- 
ble ;  dull.     In  Corybuy  and  l^rway. 


For  Moiybdate  of  lead,  see  Lead  OREi. 

XIV.  Nickel  Obes. 

1.  Native  nickeL  Colour  brsss-yeliow; 
in  delicate  capiHary  crystals;  shining  and 
metallic ;  crystals  rigid ;  brittle :  it  consist^ 
according  to  Klaproth,  of  nickel,  with  a 
small  quantity  of  cobalt  and  arsenic.  It 
occurs  in  veins  in  gneiss  in  Saxony. 

2.  Nickel  pyrites,  or  copper-mckel. 
Prismatic  nickel  pyrites.     Colour  coppeiw 

red,  becoming  black ;  massive,  disseminated, 
imitative,  and  crystallized  in  oblique  four- 
sided  prisms ;  shining,  metallic;  harder  thao 
apatite;  rather  difficultly  frangible;  sp.  gr. 
7.5  to  7.7 :  it  emits  an  arseniod  vapour  be- 
fore the  blowpipe^  and  then  fuses  into  a  daric 
scoria,  mixed  with  metallic  grains :  it  yidda 
a  dark  green  solution  with  nitro-muriatic 
add.  Its  constituents  are,  nickel  and  arsenic, 
with  accidental  admixtures  of  cobalt,  iron, 
and  sulphur.  It  generally  occurs  in  primi- 
tive rocks.  It  is  found  in  small  quantities  at 
Leadfaills  and  Wanlockhead,  and  in  the  coal 
field  of  Linlithgowshire. 

Black  nickel.  Colour  dark  greyish-black ; 
massive,  and  in  crusts;  dull;  earthy  fVao- 
ture;  soft;  streak  shining;  soils  slightly: 
it  forms  an  apple-green  coloured  solution 
vrith  nitric  acid,  which  lets  fall  a  white  preci- 
pitate with  arsenic  acid.  It  occurs  in  veins 
that  traverse  bituminous  marl  slate  at  Rie** 
gelsdorf. 

Nickel  ochre.  Colour  apple-green ;  in  an 
efflorescence ;  dull ;  fracture  splintery ;  soft ; 
feels  meagre :  itngives  to  glass  of  borax  a 
hyacinth-red  colour.  It  occurs  at  Leadhilh^ 
at  Alva  in  Stirlingshire,  and  in  Saxony.  It 
consists  of  oxide  of  nickel  67,  oxide  of  iron 
23.2,  water  1.5»  loss  S.S.^-^Lampadius. 

XV.  Pallabitm  Ore. 

Native  palladium.  Colour  pale  steeUgrey, 
passing  into  silver-white.  It  occurs  in  small 
grains;  lustre  metallic;  fracture  diverging 
fibrous;  opaque;  sp.  gr.  11.8  to  12.148: 
it  is  infusible ;  but  on  the  addition  of  sulphur 
it  melts :  it  forms  a  deep  red  solution  with 
nitric  add.  It  consists  of  palladium,  alloyed 
with  a  minute  portion  of  platina  and  iridium. 
It  is  found  in  grains,  along  with  grains  of 
native  platina,  in  the  alluvial  gdd  districts  in 
Brazil — WoUaston. 

XVI.  Platina  Obe.  Colour  very  light 
steel-grey ;  in  flat  small  grains ;  shining  aiid 
metallic  ;  nearly  as  hard  as  iron  ;  malleable; 
sp.  gr.  17.7.  It  is  found  in  the  grey  silver 
ore  of  Guadalcanal  in  Spain,  in  Choco^  in 
New  Granada,  and  in  the  province  of  Bar- 
bacoas.  It  is  peculiar  to  an  alluvial  tract  of 
600  leagues,  where  it  is  associated  with  gndns 
of  native  gold,  zircon,  spinel,  quarts  and 
magnetic  ironstone.  It  is  not  true  that  this 
metal  occurs  near  Carthagena,  or  Santa  F^ 
or  in  the  islands  of  Porto  Rico  and  Barba-^ 
does,  or  in  Peru,  although  these  difiTerent 
locafities  are  mentioned  by  aothon.     The 
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grep  copper  are  of  Gudidcaad  in   Spain 
cootnnt  from  1  to  10  per  cent  of  platiiM. 

FlatHMi  has  been  found  of  late  jcan  in 
large  qnantitj  in  Sn>eria,  on  the  banks  of  the 
Utka,  on  the  western  side  of  the  Urafian 
ranges  in  a  prinutive  day  shoe,  which  is 
much  ti  a  versed  by  quartz  veins.  The  pla- 
ttna  is  associated  with  gold  and  nolioe  lead. 
On  the  east  side  of  a  hili  called  Pugma,  ■»- 
pentine  appears  in  diaUage  rocks,  and  in  this 
rock  platina  also  occurs.  North  eat  from 
Kuschwa,  near  to  Niebnin-Tura,  platina  oc- 
curs in  blue  limestone.^^iia/yitf  of  Flatma 
ore*  bp  BerzeUui* 

1.  Native  phtina  of  Niscfane  Tagilsk  in 
the  Oural.  This  ore  is  of  a  dull  grey  co- 
lour, and  contains  many  magnetic  grains^ 
some  of  which  are  polar  :-— 

Umnagnetic.      Masnctte. 
Platinum,        -         7aM  73.5S 

Iridium,      -        -       4w97  2.35 

Rhodium,        -  0.86  1.15 

PaUadium,      -  0.28  0.90 

Iron,  -        -       11.04  12.98 

Copper,  -  0.70  5.20 

Osmiuret  of  iridium,    1.96  0.00 

Insoluble,  -         0.00  2.90 

9a75  07.86 

Platina  ore   from   Goroblagodat  in  the 
Oural:— 

Pktinum,  -  S6.50 

Rhodium,     -         -         1>15 
Palladium,  -  1.10 

Copper,         -         -        0.45 
Iron,         -  -  8.32- 

Osmiuret  of  iridium,        1.40 

98.92 
The  loss  in  these  three  analyses  is  partly 
due  to  osmium. 

FhUina  ore  from .  Barbacoas  in  the  pro- 
vince of  Antioquia,  Columbia.  This  ore 
consists  of  grains,  oflen  of  considerable 
weight,  mixed  with  smaller  ones.  The 
largest  were  composed  as  follows :— 


Platinum, 

84.30 

Rhodium,     • 

3.46 

Iridium, 

1.46 

Palladium, 

1.06 

Osmium, 

1.03 

Copper, 

0.74 

Iron, 

5.31 

Silira, 

0.60 

Lime, 

0.12 

9a06 
Ann.  de  Chim.  xL  337. 
XVII.  Silver  Obes. 
1.  Bexahcdraly  or  native  tiller, 
a.   Common  native  nlver.      Colour  pure 
silver-white ;  disseminated,  in  plates  or  mem- 
branes, imitative,  and  crystallized  in  a  cube, 
octohedron,    tetrahedron,  rfaomboidal  dode- 
cahedron, leucite  form,  and  six-sided  table ; 


frsciare  fine  hackly ; 
dcr  than  goM,  tin,  lend;  but  soAer 
iron,  platina,  and  copper;  peifecdy 
able ;  flexible^  and  dilllcoltly  frangible ;  sp. 
gr.  10  to  I0l4.  Itooonstitacttts 
silver  99,  metallic  antiBBony  1,  vrtth  a 
of  copper  and  arsenic.— JoJhr.  It 
principally  in  veins  in  primittve  monntainfc 
In  granite  in  the  Encgebiige:  In  gncsas 
and  mica  slate  in  Saxony,  Bohemia,  and 
Norway:  In  day  slate  in  Irdand :  In  day 
posphyry  at  Aha,  in  the  Odul  HjUs,  Stir- 
lingshire. For  a  copious  list  of  locaiities» 
see  JomeeawLt  Mmeraiogy. 

b.  Jurijerou*  native  gStver.  Colour  b^ 
tween  bn»s-3feUow  and  silver-white;  diase- 
minated  in  membnmes,  and  crystalfiaed  in 
cubes.  Its  sp.  gr.  is  greater  than  that  of 
the  preceding.  Its  constituents  are,  silvrr 
72,  gold  28i.-^Fard(yof.  It  occurs  in  vcina 
in  primitive  rocks  at  Kongsbetn;  in  Norway. 

2.  Sdver-^UnuXt  or  vitreouM  sUver, 

§  1.  HexahedraL 

a.  Compact.  Colour  dark  blackish  lead- 
grey  ;  massive,  imitative,  and  crystallized ; 
in  a  cube^  octohedron,  rbomboidal  dodeca- 
hedron, and  double  ei^t-eided  pyiamid ; 
glistening,  metallic;  cleavage  rbomboidal; 
harder  than  gypsum  ;  completdy  maUeable  ; 
flexible^  but  not  elastic ;  difficultly  frangible  ; 
sp.  gr.  5.7  to  6.1.  Before  the  blowpipe  it 
loses  its  sulphur,  and  a  bead  d  pure  salver 
remains.  Its  constituents  are,  sOver  85^ 
sulphur  IS.'^-^KlapToth.  It  is  one  of  the 
most  frequent  of  the  ores  of  silver.  It  occurs 
in  mica  date,  clay  slate,  greywacke^  and  sd- 
domer  in  granite.     It  is  found  in  Cornwall. 

6.  Earthy.  Colour  bluish-black ;  in  crusts  ; 
friable  or  solid ;  dull ;  feebly  transluoent ; 
streak  shining  metallic ;  smb  a  litde ;  eaaly 
frangible ;  s^tile.  It  is  easOy  fused  by  the 
blowpipe.     It  is  a  sulphuret  of  silver. 

§  2.  Rhomboidnl  tUoer  glance.  Colour 
between  iron-black  and  bladdsh  lead-grey; 
crystallized;  primitive  form,  a  rhomboid; 
secondary  figures,  an  equiangular  six-aided 
prism,  an  equiangular  six-oded  tables  and  n 
double  six-sided  pyramid.  Hie  tabular  crys- 
tals often  intersect  each  other,  forming  odls  ; 
highly  splendent,  and  metallic ;  soft ;  sectile  ; 
eaaly  frangible;  sp.  gr.  5.7  to  6.1.  It 
melts  with  difficulty.  Its  constituents  arew 
silver  66.5,  sulphiur  12,  antimony  10,  iron 
5f  copper  and  arsenic  0.5,  earthy  substances 
1.0.  It  occurs  in  gneiss,  &c.  It  is  found 
in  the  district  of  Freyberg. 

2.  Il^hite  iilver.  Colour  very  light  lead- 
grey;  massive,  disseminated,  ana  always 
associated  with  lead-glance;  glistening  and 
metallic ;  fracture  even ;  soft ;  sectile  ;  easily 
fhmgible ;  sp.  gr.  5.3  to  5.6.  Before  the 
blowpipe  it  melts  and  partly  evaporates, 
leaving  a  bead  of  impure  silver,  surrounded 
by  a  yellow  powder.     Its  constituents  are. 
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lead  41,  lilver  9.85»  antimony  21.5,  iron 
1.75»  suJphur  22,  alumina  1,  silica  0.75.— 
ITIaproth.  It  occurs  in  gneiss.  It  is  found 
near  Freyberg. 

3.  Grey  sUver,  or  carhonaU  qf  <tA»r.-— 
Colour  aab-grey ;  massive  and  disseminated ; 
glistening;  fracture  uneven;  soft;  streak 
more  shining;  brittle;  heavy;  easily  rfr. 
duced  before  the  blowpipe.  Its  constituents 
are^  silver  72.5^  carbonic  add  12,  oiide  of 
antimony,  and  a  tnce  of  copper  15.5.— &ift. 
It  occurs  in  veins  that  traverse  granite  in 
the  Black  Forest. 

4.  ^ntimonial  iUver,  or  dodecakedral  an^ 
iimonjf.  Colour  between  silver-white  and 
tin-white ;  massive^  disseminated,  in  distinct 
concretions,  and  crystallised  in  a  rectangu^ 
lar  four-sided  prism,  in  an  equiangular  six- 
sided  prism,  and  a  double  six-sided  pyramid, 
truncated  on  the  apices ;  surfiMre  of  the  prisms 
longitudinally  streaked ;  splendent,  metallic ; 
demge  octohedral ;  hardness,  between  calc 
and  fluor  spar ;  sp.  gr.  9.4  to  10.  The  an- 
timony is  volatilized  before  the  blowpipe^ 
and  silver  remains  on  the  charcoal.  Its  con- 
etitoents  are,  silver  78^  antimony  22.^Fau- 
^ueUn,  It  occurs  in  veins  in  granite  and 
greywacke.  In  the  first,  at  Altwolfach  in 
Suabia ;  in  clay  slate  in  the  Harts. 

5.  Artenkal  sUver.  Colour  on  the  fresh 
surface  tin-white^  whidi  tarnishes  greyish- 
black;  massive,  and  reniform;  fracture 
smali-grained  uneven ;  harder  than  antimo- 
nial  silver ;  streak  shining ;  sectile^  and  easily 
frangible ;  H>.  gr.  9.44 :  before  the  blow- 
pipe the  antimony  and  arsenic  are  volatilized 
with  a  garlic  smell,  while  a  globule  of  silver 
remains,  which  is  more  or  less  pure.  Its 
constituents  are,  arsenic  35,  iron  44.25^  sil- 
ver 12.75,  antimony  4.  It  generally  occurs 
along  with  native  arsenic  It  is  found  in 
theHartz. 

6.  Bitmuthic  silver.  Colour  pale  lead- 
grey;  disseminated,  and  rardy  crystallized 
in  capillary  crystals ;  glistening  and  metallic ; 
soft;  seetUe;  easily  frangible.  Its  consti- 
tuents are^  bismuth  27,  lead  33^  silver  15, 
iron  4.3y  copper  0.9,  sulphur  16.3.-— ATop- 
roth.  It  has  been  found  only  in  the  Friedrich- 
Christian  Mine  in  the  ^ack  Forest,  in  vdns, 
in  gndss. 

7.  Ruby-biende, 

$  1.  Rhomboidal  rubif'-blende* 

a.  Dark  red  silver.  Colour  between  co- 
chineal-red and  dark  lead-grey ;  massive,  in 
membranes,  and  crystallized ;  prim,  form,  a 
rhomboid  cf  109^  28';  secondary  forms,  an 
equiangular  six-sided  prism,  variously  trun- 
cated and  acuminated,  and  an  equiangular 
double  six-sided  pyramid;  splendent  and 
adamantine;  cleavage  riiomboidal;  semi- 
transparent;  streak  cochineal-red;  harder 
than  gypsum ;  sectiie ;  easily  frangible ;  sp« 
gr.  5.2  to  5.7  :  before  the  blowpipe,  it  first 
decrepitates,  tlien  mdts  with  a  slight  effer- 


vescence, leaving  a  globule  of  silver.  Its 
constituents  are,  silver  60,  aqtimony  20.3, 
sulphur  14.7,  oxygen  5. — Klnjtroth,  It  oc- 
curs in  vdns  in  gndss,  &c.  It  is  found  in 
the  diver  mines  of  Kongsberg,  and  in  those 
of  the  Harts. 

§  2.  Light  red  silver.  Colour  cochineal- 
red;  streak  aurora-red,  pasdng  into  coclii- 
neal-red;  sp.  gr.  5.5  to  5.9;  in  other  re- 
elects as  preceding.  Its  constituents  are, 
diver  54.27,  antimony  16.3,  sulphur  17.75^ 
oxygen  11.85.— rau^u^ltn.  It  occurs  at 
Andreasberg  in  the  Hartz. 

XVIII.  Tantaldh  Ores. 

1.  Prismatic  tantalum  ore,  Columbite  of 
Hatchett,  Colours  greyish  and  brownish- 
black;  masdve,  disseminated,  and  crystd- 
lized  in  oblique  four-dded  prisms;  semi- 
metallic  adamantine  lustre ;  fracture  coane- 
grained  uneven;  opaque;  as  hard  as  fd- 
spar;  difficultly  frangible;  sp.  gr.  6.0  to 
6b3 :  it  does  not  fuse  with  glass  of  borax. 
Its  constituents  are, 

If'oltaston. 
Oxide  of  tantdum,     85  80 

Oudeofiron,  10  15 

Oxide  of  manganese^,    4  5 

flnlsnd.       N.  American 
or  Columbitc. 

It  occurs  in  a  coarse  red  granite  in  Fin- 
land, and  in  Massachuaset*)  Bay,  in  North 
America. 

2.  YttrotantaUte,  Colours  iron-black  and 
ydlowish-brown ;  imbedded  in  angular 
pieces,  and  crystallized  in  oblique  four-dded 
and  in  dx-sided  prisms;  rednoua^  metallic 
lustre;  fracture  conchoidd;  opaque;  scratches 
glass;  streak  grey-coloured ;  eadly  frangible; 
sp.  gr.  5.4  to  5.88 :  it  decrepitates,  but  does 
not  fuse  with  the  blowpipe.  Its  constituents 
are,  oxide  of  tantdum  57,  yttria  20.25,  lime 
6.25,  oxide  of  iron  3.5,  oxide  of  uranium  0.5, 
tungstic  acid  8.25.  It  occura  dong  with 
gadoUnite  in  a  bed  of  flesh-red  febpar  in 
gndss  at  Ytterby  in  Sweden. 

XIX.  Teulubiuh  Ok£8. 

1.  Hexakedral  or  native  tellurium.  Colour 
tin-white;  masdve,  disseminated,  and  in 
rectangular  fouri^dded  prisms,  acuminated 
with  four  planes ;  shining,  metallic;  cleavage 
hexahedrd ;  as  hard  as  gypsum ;  rather 
brittle ;  sp.  gr.  6. 1  to  6.2 :  it  mdts  as  easily 
as  lead,  emits  a  thick  white  smoke^  and 
bums  with  a  light  green  colour,  and  a  pun- 
gent acrid  odour,  like  that  of  horse-radish. 
Its  constituents  are^  tellurium  92.55,  iron 
7.2,  gold  0.25.  It  occura  in  vdns  in  grey- 
wacke, at  Faceby  in  Transylvania,  and  in 
Norway. 

2.  Prismatic  black  tellurium.  Colour  be- 
tween blackish  lead-grey  and  iron-black ;  maa- 
dve,  in  flakes,  and  crystallized  ;  primitive  fi- 
gure, an  oblique  four-dded  prism;  second- 
ary forms  are,  an  oblique  four-dded  table,  a 
dx-dded  tabic,  ap  eight-dded  table,  andjin 
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acute  douUe  four-iidcd  pjrmnid ;  tplendent 
and  meUlUc ;  fingmeDU  tabular ;  harder  than 
talc ;  tectUe  ;*soUb  slightly;  the  thin  leaves 
and  tables  are  flexible ;  sp.  gr.  7.0  to  7.2 : 
it  melts  Tery  easily  before  the  blowpipe.  Its 
constituents  are,  tellurium  32.2,  lead  54^ 
gold  9,  sulphur  3,  copper  1.3,  silver  O.5.— 
jriaproth.  It  u  worked  for  the  gold  it  coo* 
tains.  It  is  found  at  Naygag  in  Transylvania. 

3.  PriinuUic  gold  glance. 

$  I.  Graphic  g^  glance  or  tellunum.  Co- 
lour steeUgrey ;  massive,  in  leaves  and  crys- 
tallised; primitive  form,  an  oblique  four- 
rided  prism;  splendent,  metallic;  cleavage 
prismatic ;  fracture  fine-grained  uneven ;  as 
hard  as  gypsum ;  brittle ;  soils  slightly ;  sp. 
gr.  5.7  to  &8 :  befiire  the  blowpipe  it  bums 
with  a  green  flame,  and  is  volatilized.  Its 
constituents  are,  t^urium  60^  gold  30,  silver 
10.     It  occurs  in  poi|diyry  in   TVansylva- 


{  2.  Teliow  gold  glance^  or  yellow  tellwri' 
Mfn.     Colour  silver-white^  inclining  to  brasa- 
yellow;  disseminated,  and  crystallised  in  four- 
sided  acicular  prisms,  which  are  rare;  splen- 
dent, metallic ;  cleavage  prismatic ;  fracture 
small-grained  uneven;  sp.  gr.  6.7  to  5.8. 
Its  constituents  are,  tellurium  441.75,  gold 
26.75,  lead  19.5^  silver  S.5,  sulphur  0.5.^ 
JHaproth,    It  occurs  in  veins  in  porphyry  at 
Kaygag  in  Transylvania. 
XX.  Tin  Ores. 
1.  I^amidal  Hn  ore* 
§  I.  Common  tin  ore  or  tinUone.    Colour 
Uackisb-brown ;  massive^  disseminated,  but 
most  frequently  crystallised  :  primitive  form, 
a  double  four-sided  pyramid,  in  which  the 
angles  are  133^  3l&  and  67«  42^;  secondary 
figures  are,  the  primitive  truncated,  a  rectan- 
gular four-sided  prism  variously  truncated 
0r  acuminated,  and  twin  crystala;  splendent 
and  adamantine ;  fracture  uneven  ;  ftom  se- 
mitransparent  to   opaque;   streak   greyish- 
white;    as  hard  as  felspar,   sometimes   as 
quartz ;  easily  frangible;  sp.  gr.  6.3  to  7.0: 
before  the  blowpipe  it  decrepitates,  and  be- 
comes paler,  and  is  reduced  to  the  metallic 
atate.     Its  constituents  are,  tin  77.5,  iron 
0.25,  oxygen  21.5,  silica  0.75.     It  occurs  in 
granite,  gneiss,  &c.,  and  in  an  alluvial  form 
in  vrfaat  are  in  Cornwall  called  ttream  works. 
There  are  only  three  tin  districts  in  Europe : 
Cornwall,  wUch  is  the  most  considerable, 
the  Enegebirge,  and  Monte  Rey  in  GalU- 
cia. 

§  2.  Comith  <m  ore,  or  wood'tin»  Colour 
hair-brown ;  in  rolled  and  imitative  shapes ; 
glistening ;  opaque ;  softer  than  common  tin- 
stone ;  streak  grey,  inclining  to  brown ;  brit- 
tle ;  sp.  gr.  6.4i.  Its  constituents  are,  oxide 
of  tin  91,  oxide  of  iron  d.^^Vauquelin.  It 
occurs  along  with  stream-tin. 

2.  Tinpyritee,  Colour  between  steel-grey 
and  brass-ydlow ;  massive  and  disseminated ; 
glistening  and  metallic;  fracture  uneven; 


yields  easfly  lo  the  knife ;  brittle ;  i^  gr« 
4^35;  not  magnetic:   before  the  Uowfiipa 
it  exhales  a  sulphureous  vapour,  and  aaeha 
easily.     Its  constituents  are,  tin  34^  coyper 
36,  iron  3,  sulphur  25,  caithy  matter  2.— 
Klaprplkm     It  has  been  found  only  in  Coni»> 
waU,  in  granite,  at  St  Michael's  Mount. 
XXL  Thamium  Okbl 
1.  PriMmatic  titanium  ore^  at  jjpAenr. 
a.  Common  tpkene.  Colours,  reddislH  y^ 
lowieh,  and  reddish-brown.    It  occurs  ingn^ 
nular  concretions,  and  crystallised  in  thnlbU 
lowing  form»— a  low  very  oblique  Jbar  aidedi 
prism  bevelled  or  truncated,  a  broad  six-sided 
priaro,  a  rectangular  four-aided  prism,  as 
oblique  double  four-sided  pyramid ;  shining 
and  adamantine ;  fracture  imperfect  concfaaa- 
dal;  streak  greyish  or  ydlowisb-wfaile;  hard- 
er than  apatite ;  brittle ;  sp.  gr.  3.4  to  3.6  < 
before  the  blowpipe  it  is  fusible  vritfi  diffi- 
culty into  a  brownish-black  mamrl       Ita 
constituenta  are»  oxide  of  titanium  46,  ailicn 
36,  lime  16,  water  h^JOaprotk.     ItnccMS 
in  the  syenite  of  Criffle  and  other  htUs  on 
Galloway,  in  the  syenite  of  Inverainy,  as 
the  south  side  of  Loch-Ness,  the  gnmae  of 
Aberdeen,  the  syenite  of  Culloden  in  Invent 
ness-shire,  in  the  floets  rocks  of  Mid-l4>- 
tfaiao,  and  at  Arendal  in  Norway. 

6.  Foliated  spkene*  Colour  yellow ;  aaa- 
sive,  in  straight  lamellar  concretions^  and 
crystallized  as  the  precedii^g;  lustre  splea- 
deot;  cleavage  double;  fracture  imperfect 
concfaoidal ;  translucent.  It  occurs  at  1m 
Portia  in  Piedmont,  St  Gothard,  and  Aico- 
daL 

2.  Pri$maiO'pyramklal  titanimm  ore. 
a.  RutHe.  Colour  reddisb-farewn ;  mas- 
sive and  crystallised  :  primitive  figure^  n  p^ 
ramid  of  117°  2f  and  84<'  48^;  secondary 
forms  are»  a  long  rectangular  fiwii  wdnrt 
prism,  four-sided  prism,  six-sided  piisB» 
and  acicukr  crystals.  Ilie  crystals  are  oe- 
casionally  curved  ;  splendent  or  glistenii^; 
streak  brown;  translucent;  harder  tiian 
apatite;  brittle;  sp.  gr.  ^255,^-.Lawrj^ 
It  is  pure  oxide  of  titanium,  with  a  little 
oxide  of  iron.  It  occurs  in  the  granite  of 
Cairngorm,  the  limestone  of  Bannoch,  and 
in  the  rocks  of  Ben-Gloe,  where  it  was  dis- 
covered by  Dr  M'CuUoch. 

6.  lierine.  Colour  iron*black ;  in  ob- 
tuse angular  grains,  and  in  rolled  pieces; 
splendent  and  metallic ;  fhicture  condsoidal ; 
harder  than  fidspar;  opaque;  brittle;  9. 
gr.  4.6.  Before  the  blowpipe  it  melta  into 
a  blackish-brown  coloured  glaas,  which  ia 
slightly  attracted  by  the  magnet.  Its  tarn- 
stituents  are^  oxide  of  titanium  28,  oxide  «f 
iron  72.'^iriaprotk ;  or,  oxide  of  titanium 
48,  oxide  of  iron  48^  oxide  of  uranium  2. 
— 7%om«ofi.  It  occurs  imbedded  in  gnesss, 
and  disseminated  in  granite  sand,  along  with 
iron-sand,  in  the  bed  of  the  riwr  Don  in 
Aberdeenshire. 
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'  «.  Menadkanite.  Colour  gregriib-bliKk  ( 
in  small  iUttish  angular  gaixu;  glimmer- 
ing or  Beaii-metaUic ;  opaque;  brittle;  sp. 
gr.  4k  467 :  it  b  attraclible  by  the  magnet; 
Its  conatituents  are,  oxide  of  iron  51,  oxide 
of  titanium  45. S5^  oxide  of  manganese  O.S5» 
silica  S.6»'^IClaprolk.  It  is  found  in  the 
Talley  of  Manaccan  in  ComwalL 

3b  Pjframidal  tUanium  we,  or  odohedrite. 
Colour  passes  from  indigo-blue  to  brown; 
crystaUised :  its  jmrnitive  fbnn  is  a  pyramid 
<^  97°  38^  and  137°  KX;  the  following 
are  secondary  figures— 4be  pyramid  trun- 
cated on  the  extrematiesy  and  double  Ibur- 
aided  pyramid  Tariously  acumioaled ;  lustre 
qtlcodient,  adamantioe;  dwage  fourfold; 
translucent ;  hafder  Mian  apatite  ;  brittle ; 
sp.  gr.  3.8  to  &9.  It  is  oxiide  of  titanium* 
It  is  ftMuA  in  Dauphiny. 

XXII.  Tungsten  Ojuss. 

1.  Piframidal  tungwtetit  or  ickeeUum*  Co- 
leur  white ;  massive,  and  sometimes  crystal- 
lised :  the  primitive  form  is  a  rather  acute 
double  four-sided  pyramid ;  secondary  forms 
aic^  the  primitive  figure  bevelled  on  the  an- 
gles, a  very  acute  double  four-sided  pyra* 
Bid,  a  fiat  double  four-aided  pyramid,  a 
square  lenticular  figure^  and  a  fiat  double 
four-sided  pyrsmid;  shining;  fracture  un- 
even; cleavage  ninefold;  tnmslucent;  harder 
than  fluor-spar;  brittle;  sp.  gr.  6  to  6.1. 
Its  constituents  are,  oxide  of  tungsten  65» 
Kme  31,  silica  4w— SbA^efe;  oxide  of  tung- 
sten 75.85>  Hme  18.70,  silica  1.56,  oxide  of 
ifon  1.85,  oxide  of  manganese  0.75.— 
Xiaproth.  It  occurs  along  with  tinstone 
imd  wolfram,  in  Cornwall,  in  Sweden,  Sax- 
ony, &c. 

2.  Woffrum, 

Priimaiic  wolfram.  Colour  black ;  mas- 
sive and  crystallised :  primitive  f<»tn  is  an 
oblique  four-sided  prism  of  120°  ;  se- 
condary forms  are,  the  oblique  four-sided 
prism,  bevelled,  truncated,  or  acuminated, 
and  a  twin  crystal ;  shining ;  liracture  un- 
even ;  opaque ;  streak  dark  leddish-brown ; 
harder  than  apatite ;  brittle ;  sp.  gr.  7. 1  to 
7.4i.  Its  ooQstituents  are,  tungstic  add  67, 
nside  of  manganese  6.25,  oxide  of  iron 
18.10,  silica  1.5.— Fb«^tie/fn.  It  occurs 
in  gneiss  in  the  island  of  Rona  of  the  He- 
brides, and  in  ComwaU. 

XXIII.  U&ANiuM  Oris. 

1.  Uran  ochre, 

a.  Friable.  Colour  lemon-yellow.  It 
iMrcurs  as  a  coating  on  pitch  ore.  It  is  com^ 
pesed  of  dull,  weakly  cohering  particles;  it 
feels  meagre. 

b.  Indurated,  Colour  straw-yellow ;  mas- 
aiveand  superimposed;  glimmering;  opaque; 
soft;  sp.  gr.  3.15:  the  yellow  varieties  are 
pure  oxide  of  uranium ;  the  brownish  and 
reddiah  contain  a  little  iron.  It  is  found  in 
Bohemia  and  Saxony. 

2.  ladwUibU  tawuunh  or  ptrdk  ore.    Co- 


lour greenish-black ;  massive^  feniform,  and 
in  4&tinct  Concretions;  shining;  juffdness 
between  apatite  and  felspar ;  opaque ;  brittle ; 
sp.  gr.  6.4  to  6.6.  Its  constituents  are» 
oxide  of  uranium  86. 5»  bl^  oxide  q£  iron 
2.5^  galena  6.0,  silica  b^m^Klaprotk.  It  ad 
curs  in  primitive  roAs.  It  is  found  in 
ComwalL 

3.  UraniU,  or  uran  mica. 

Pjframidal  uran  mica.  Colour  graa^ 
green ;  in  fiakes  and  crystallised :  primitive 
ierm,  a  pyramid,  in  which  the  angles  are 
95"  island  144^56^;  the  secondary  forms 
are,  a  rectangular  four-sided  table  or  shoeC 
prism,  and  a  four-sided  table  variously  bev^ 
led  and  crancated ;  shining ;  cleavage  four- 
fold and  rectangular ;  transparent  and  transit 
hioent;  scratches  gypsum,  but  not  calcareous 
spar;  streak  green;  sectile;  not  fiexible; 
easily  frangible ;  sp.  gr.  at  to  &2.  It  de- 
crepitates  riolentlj  hiefon  the  blowpipe  on 
charcoal ;  loses  about  33  per  cent  by  igni- 
tion, and  acquires  a  brass-yellow  colour.  Its 
constituents  are,  oxide  of  uranium,  with  « 
trace  of  oxide  of  lead  74w4v  oxide  of  copper 
8.2,  water  15.4w— Grrfjor.  It  occurs  in 
Virins  in  primitive  rocks.  It  is  found  in 
Cornwall  and  Saxony. 

XXIV.    WOODANIUM  O&ES? 

Woodan  pyrites.  Colour  daric  tin-white ; 
in  vesicular  massive  portions;  lustre  shining 
and  metallic;  fracture  uneven;  opaque; 
harder  than  fluor,  but  softer  than  apatite; 
brittle ;  sp.  gr.  5.192.  It  was  said  to  con* 
tain  20  per  cent  of  woodanium,  combined 
with  sulphur,  arsenic,  iron,  and  nickel.  It 
occurs  at  Topschau  in  Hungary. 

XXV.  Zinc  Obei. 

1.  Bed  zinc,  or  red  oxide  of  nine.  Colour 
blood-red;  massive,  disseminated;  on  the 
fresh  fracture,  shining;  cleavage  single s 
fracture  condioidal ;  translucent  on  the 
edges;  easily  scratched  by  the  knife;  brittle; 
streak  brownish-yellow;  sp.  gr.  6.22.  It 
is  soluble  in  the  mineral  acids.  Its  constito* 
ents  are^  sine  76^  oxygen  16,  oxides  of  man* 
ganese  and  iron  S.^^Bruce.  It  has  been 
found  in  New  Jersey,  North  America. 

2.  Zinc  blende. 
Dodecahedral  zinc  blende. 

a.  Yellow.  Wax-yellow,  and  several  other 
odours,  indinihg  to  green ;  massive,  disse- 
minated, and  crystallized  in  octohedrons^ 
rhomboidal  dodecahedrons,  and  twin  crystals; 
splendent  and  adamantine;  cleavage  dod^ 
cahedral,  or  sixfold;  translucent;  refracts 
single;  streak  yellowish-grey;  harder  than 
calcareous  spar;  brittle;  sp^  gr.  4  to  4.2 < 
it  becomes  phosphorescent  by  friction.  Its 
constituents  are,  nnc  64i,  sulphur  20,  iron  5^ 
fiuoric  acid  4,  silica  1,  water  6,'~^Bergmann. 
It  0CCW9  in  veins,  associated  with  galenic 
It  is  fbond  at  Clifton  mine,  near  Tyndrum 
in  Perthshire,  also  in  Flintshire.  Fine 
dmens  are  found  in  Bohemia. 
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b.  Brown  xine  blende* 

§  ].  Foliated,  Colour  reddish-brown; 
oianve,  disseminated,  and  crystallized,  in  a 
rfaomboidal  dodecahedron,  an  octohedron,  a 
tetrahedron,  and  adcular  crystals;  lustre 
between  pearly  and  adamantine;  cleavage 
sixfold  or  tessular ;  translucent ;  streak  yel- 
lowish-brown ;  sp.  gr.  4!i.048w  Its  consti- 
tuents are,  zinc  58.8^  sulphur  23.5^  iron  8.4^ 
silica  7.0. —2>r  TAofiMon.  It  occurs  in  veins 
and  beds,  in  primitive  and  transition  rocks. 
It  is  found  in  the  Clifton  lead  mine  near 
Tyndrum,  at  Cumberfaead  in  Lanarkshire, 
at  Leadbills,  and  in  all  the  lead  mines  in 
England  and  Wales. 

§  2.  Fibroue.  Colour  dark  reddish-brown ; 
massive,  reniform,  and  in  radiated  con- 
cretions ;  glistening,  inclining  to  pearly ; 
opaque.  Its  constituents  are,  zinc  68,  iron 
3,  lead  5,  arsenic  1,  sulphur  81,  alumina  2, 
water  4w  It  occurs  in  Huel-Unity  oopper- 
mix^e  in  Cornwall. 

c.  Black  %inc  blende.  Colour  between 
greyish  and  velvet^black ;  massive^  dissemi- 
nated, and  crystallized  in  the  same  figures  as 
brown  blende ;  shining,  adamantine ;  opaque. 
Tlie  blood-red  variety  is  translucent  on  the 
edges  and  angles;  streak  dark  yellowish- 
brown  ;  sp.  gr.  4.1665.  Its  constituents 
are,  oxide  of  zinc  5S,  iron  12,  arsenic  5^ 
sulphur  26,  water  4.  The  black  blende  from 
Naygag,  besides  zinc,  iron,  and  manganese, 
contains  a  portion  of  auriferous  silver.  It 
occurs  in  veins  of  gneiss,  in  Sweden,  Sax- 
ony, &c. 

Of  the  Analysis  and  Reduction  of 

Ores. 

By  consulting  the  table  of  metallic  pred- 
pitants,  and  studying^  the  peculiar  habitudes 
of  the  individual  metals  and  earths,  the 
reader  may  acquire  a  knowledge  of  the  me- 
thods of  separating  them  from  one  another, 
and  determining  the  proportion  of  each. 
The  limits  of  the  present  work  permit  me 
to  offer  merely  a  short  account  of  the  best 
nodes  (»f  analyzing  a  few  of  the  principal 
ores  on  the  small  scale,  and  of  reducing 
them  on  the  large. 

T.  Antimony. 

1.  Kative  antimowf  was  skilAilly  examin- 
ed by  Klaproth,  the  parent  of  accurate  ana- 
lysis, as  follows:— On  100  grains  of  the 
pulverized  mineral  he  poured  strong  nitric 
acid,  which  attacked  it  vrith  vehemence,  con- 
verting it  into  an  oxide ;  which  being  pre- 
dpitable  by  wa^,  he  diluted  the  solution 
with  this  liquid,  and  then  filtered.  The 
clear  liquid  was  treated  with  muriatic  acid, 
which  threw  down  the  silver  present  in  the 
state  of  muriate,  equivalent  to  1  grain  of  the 
predous  metal.  Phiasiate  oi  potash  then 
indicated  j^  of  a  grain  of  iron.  The  oxide 
pf  antimony  was  now  dissolved  in  muriatic 


acid,  the  solution  diluted  with  water,  and 
a  piece  of  zinc  being  introduced,  pivc^ 
phated  98  grains  of  metallic  aatinioay. 
Hence,  the  100  grains  of  native  anCi- 
roony  from  Andreasbei^  consisted  ov  m^* 
tallic  antimony,  98 

silver,  1 

iron,  a25 

09.25 
2.  Fibrous  red  aniimomal  ore*  Klaprolfa 
digested  100  grains  vrith  muriatic  acid,  mix-> 
ed  with  a  few  drops  of  nitrous,  in  a  longu 
necked  matrass,  lliere  was  a  grey  residuum 
of  1^  grains  of  sulphur.  ^  The  antimony 
contained  in  the  solution  was  precipitated  In 
the  state  of  a  white  oxide,  by  diluting  it 
with  vrater ;  and  the  small  portion  of  Ifae 
metal  still  remaining  in  tfiat  fluid,  vras  after- 
vrards  entirely  thrown  down  by  means  of 
potash.  The  oxide  thus  procured  vras 
dissolved  in  muriatic  acid,  the  scdution 
luted  vrith  six  times  its  quantity  of  wi 
and  once  more  combined  with  sndi  a  pro- 
portion of  the  same  solvent,  as  vras  neces- 
sary in  order  to  redissolve  entirely  that  por- 
tion of  the  oxide  which  the  aflbsed  water 
had  precipitated.  After  the  dilute  solmioii 
had,  in  this  manner,  again  been  rendered 
clear,  its  ingredient  antimony  was  repro- 
duced as  metallic  antimony,  by  immcning 
polished  iron  in  the  liquor.  It  weigbed, 
when  odlected,  edulcorated,  and  dried,  67^ 
grains.**— -JT/^pro/A**  ^nafytieal  EsMUftt  voL 
ii.  p.  143.  EngU^  T^antlatUm*  From  die 
above  result,  and  llienard's  statement  of  the 
constitution  of  the  oxide,  Klaproth  inferred 
that  the  mineral  consisted  of 

Metallic  antimony,  67,5 

Oxygen,  10.8 

Sulphur,  19.7 

9ao 

3.  If  the  pulverized  sulphuret  of  anti- 
mony be  acted  on  by  nitric  arid,  with  beat^ 
and  water  be  afterwards  added,  a  predpHale 
vrill  fall,  conusting  of  oxide  of  antinaoajy 
with  sulphur  and  sulphate  of  lead.  Sul- 
phate of  silver  being  very  soluble  in  dilute 
nitric  acid,  will  remain  in  the  liquid.  Mu- 
riate of  soda  will  throw  down  the  silver, 
without  affecting  the  lead,  if  the  solution  be 
hot  and  somewhat  dilute.  The  lead,  if  any 
remain,  may  then  be  precipitated  by  sul- 
phate of  soda  in  equivalent  quantity,  or  by 
hydrosulphuret  of  ammonia :  by  muriate  of 
^ryta,  Uie  sulphuric  acid  resulting  from 
acidification  of  the  sulphur  may  be  ascer- 
tained ;  and  by  ferroprusaate  of  potssh,  the 
iron.  On  the  first  precipitate  obtained  by 
affusion  of  water,  if  muriatio  acid  be  digest- 
ed,  the  oxide  of  antimony  will  be  taken  up, 
and  may  be  recovered  in  the  metallic  state, 
by  immersing  a  piece  of  anc  or  iron  in  the 
muriatic  solution.     Lattiyt  the  sulphur  nny 
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be  Mpamted  from  the  mlpbate  of  lead  by  tion  of  pure  siWer  u  determined  at  34^  • 

uatohtfioD.^  gndni. 

MeCallic  antimony  is  beat  obtained  from  {(L)  The  nitric  acid  that  bad  been  afiiued 
tiie  Bulphnret,  by  igniting  it,  after  careAil  upon  the  precipitate  obtained  by  the  muri- 
uabilatifm,  with  half  ila  weight  d  crude  tar-  atic  (c.)i  yielded  by  dilution  with  much  wa- 
ter. The  metal  will  be  found  at  the  bottom  ter,  32  grains  more  of  ozidiaed  bismutfa ; 
of  the  crucible^  Or  the  ustulated  ozide^  which,  wHh  the  preceding  44^  (^.)>  g*^*  <o- 
mixed  with  oil,  hA,  and  pounded  charcoal,  is  gether  70^  grains.  In  order  to  ascertain 
to  be  Ignited  till  drops  of  the  metal  begin  to  the  pri^Mirtion  of  reguline  bismuth  in  this  - 
appear;  and  nitre  equal  to  l-16th  of  the  ore,  he  diasolyed  100  grains  of  bismuth  in 
wdght  of  tlie  oxide  is  then  to  be  gradually  nitric  add ;  and,  after  baring  concentrated 
injected.  Or  we  form  the  martial  regulus  the  solution  by  evaporation,  he  poured  it  into 
of  antimony,  (antimony  contaihing  a  little  a  large  quantity  oip  water.  When,  of  the 
iron  and  sulphur),  by  adding  16  ounces  of  precipitate  thus  produced,  nothing  more 
the  Bulphuiet  to  6  ounces  of  iron  nails,  ig-  would  fall  down  on  adding  more  water, 
nited  to  whiteness  in  a  crudUe.  When  the  he  collected  it  on  the  filter,  washed  it,  and 
whole  are  in  fusion,  inject  gradually  two  suffered  it  to  dry  perfectly  in  the  air.  It 
ounces  of  pulverised  nitre ;  £en  cover  the  then  weighed  86  grains.  To  the  water* 
crudble^  and  urge  the  heat  for  a  little.  Seven  which  had  been  separated  fttnn  it,  muriatic 
or  dgfat  ounces  of  the  regulus  will  be  found  acid  waa  added  by  drops,  whereby  a  new 
at  the  bottom.  By  repeating  the  fusion,  and  predpitate  ensued,  wdgbing  32  grains,  after 
projection  of  nitre^  two  or  three  times,  the  ro-  edulcoration  and  drying, 
gulus  may  be  brought  nearer  to  the  state  of  As,  by  the  result  of  this  comparative  ex- 
pure  metal.  periment,  100  grains  of  bismuth  have^  upon 

In  what  follows,  I  shall  confine  myself  to  the  wholes  given  123  gndns  of  oxide,  it  foU 

tfae  detail  of  a  few  ingenious  and  exact  aha-  lows,  that  the  76}  grains  of  oxide  (rf.)  ob- 

lyses.  tained  from  300  grains  of  this  ore^  contain 

2.  BuMUTH  Ores.  62f  grains  of  metallic  bbmuth. 

The  following  analysis  of  a  complex  m».  (^,)  The  remainder  of  the  fluid  was  fur- 

tallic  mineral  by  Klaproth,  is  peculiariy  in-  ^„  reduced  by  evaporation ;   and  in  this 

structive.  process  muriate  of  lead  separated  from  it  in 

Examination  in  the  humid  way  of  the  bis-  delicate  broad  striated  crystals.     This  liquor 

mutfaic  silver  ore  from  Schaupbacb,  in  the  ^„  then  combined  with  such  a  quantity  of 

Black  Forest,  in  Suahia.  sulphuric  acid  as  was  requisite  to  redissolve 

(o.)  Upon  300  grains  of  this  ore  he  pour-  th^ge  crystals,  and  a  second  time  evaporated 

ed  three  ounces  of  nitric  acid,  dUuted  with  ^  ^^  consistence  of  pap.      The  predpitate 

one  ounce  of  water.     The  residuum  bdng  ^^^  t|,e„ce  ensued  was  sulphate  of  lead, 

icted  on  with  more  add,  both  solutions  were  weighing  19  grains,  when  duly  collected, 

mixed,  and  evaporated  to  a  small  volume ;  cashed,  and  dried. 

during  which  process  there  separated  from  ^y.)  ^^hat  stiU  remained  of  the  soluUon, 

the  fluid  some  ciystalline  grdns,  consistmg  ^„  i^  |,a^„g  y^^^  fre^  f^^^  tj,^  le^ 

of  nitrate  of  lead.  before  contained  in  it,  was  saturated  vrith 

(6.)    Hie    concentrated    solution    bad   a  caustic  ammonia  added  in  excess.     In  this 

greenish  colour.     When  afterwards  diluted  ^^^^  ^  biown  ferruginous  predpitate   was 

with  just  as  much  water  as  was  requisite  to  produced  j  which  was  rapidly  attracted  by 

redissolve  that  crystaUine  sediment,  it  was  the  magnet,  and  wdghed  14  grains,  when, 

poured  into  a  large  quantity  of  water.     This  ^^f^^  prerious  desiccation,  it  had  been  mois- 

last  immediately  acquired  a  milky  app«r-  tened  with  Unseed  oil,  and  well  ignited.  For 

anoe  in  a  high  degree,  and  dn>o8ited  a  white  these  we  must  reckon  10  grains  of  metallic 

precipitate,  which  weighed  44^^  grains  when  i^j^, 

cdUected,  Uxiviated,  and  dried  in  tiie  air,  and  ^^  j  jhe  ijquor  which  had  been  supersa- 

proved,  on  further  exammaUon,  to  be  oxide  turated  witfi  ammonia,  and  which,  by  itt 

'of  bismutii.  Iilue  colour,  showed  that  it  held  copper  in 

(c.)  Into  the  Uquor  that  had  been  iineed  solution,  was  saturated  to  excess  with  sul- 

from  this  oxide,  and  was  entirely  dear  and  pjj^^^  gpjd.     On  immersing  then  a  piece  of 

colourieas,  he  then  dropped  muriatic  •odas  ^]i^^  iron  into  it,  two  grains  of  cojiper 

long  as  it  was  rendered  turbid  by  it     The  ^^^  deposited. 

predpitate  which  now  fdl,  did  not  appear  /;^ )  jhe  g^y  residue  of  tiie  ore  that  was 

ID  be  mere  muriate  of  silver :  for  tins  rea-  j^  ^iehmd  by  tiie  nitric  add  (a.),  weighed 

son,  he  digested  it  for  some  time  with  a  j,jrg  g^^j^     But  when  its  sulphureous  part 

moderately  strong  nitric  add.     A  consider-  y^  ^^^  deflagrated  in  a  crucible  gently 

able  portion  of  it  was  tiius  redissolved,  and  ,,^^^^^1^  ^  weighed  only  140 J  grains.     This 

left  pure  hom-silver  behind  j  which,  upon  determines  the  portion  of  sulphur  at  37 J 

careful  collection,  and  desiccation  in  a  brisk  trains, 

heat,  wdghed  46  grains.     Thus,  the   por-  (,.)  These  140J  grains  were  digested  with 
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tbree  omiMi  joi  muriatic  acid,  io  «  bent  of 
ebullition;  and  the  process  was  repaatad 
otioe  «M>re  with  1  ^  oittioe  of  the  ssme  acid. 
These  solutions,  by  means  of  amponticMir 
yielded  tiU  the  end  muriate  of  lead  in  ten- 
der apicular,  and  likewise  in  broad  striated 
crystals ;  which,  when  again  dissolvad  in  the 
requisite  quantity  of  boiling  water,  then 
coDBtnoed  with  sulphuric  add,  and  ev»- 
porated,  yielded  89  grains  of  sulphate  of 
lead.  Thus,  the  whole  quantity  of  this  auU 
pbate,  including  the  19  grains  mentioned  at 
(«.),  amounted  to  188  grains ;  for  which,  ac- 
cording to  comparative  experiments,  76  grains 
of  i^^^ulioe  lead  must  be  put  in  the  compu- 
tation. 

(k.)  That  portion  of  the  ore  examined, 
which  still  remained  after  all  the  constituent 
parts  before  mentioned  had  been  discovered, 
consisted  merely  of  the  grey  quarixoie  mo- 
trixs  the  weight  of  which,  in  the  ignited 
state,  amounted  to  70  grains. 

Therefore,  these  900  grains  of  bismuthic 

silver  ore  deoompoaed  into 

la^^n,  of  nuit^ 

Lead  (>)>  76.00  33.00 

Bismuth  (d),  62.20  27.00 

Silver  (c),  34.50  15.00 

Iron  (/),  10.00  4.30 

Copper  (jg)y  2*00  0.90 

Sulphur(A},  37.50  1&30 
Quartzose  matrix  (il),    70.00 


f ul  reddisb4>mwti  oalour.     T«  tifiaraaa  ifaa 
iron  from  the  cerium,  tiie  whole 
ed  in  muriatie  acid :  the  aolvtioi 
centrated  to  evaporate  the  excess  of 
then  fluted  with  water,  and  deoompoaed 
tartrate  of  potash,  the»  was  fonncd 
abundant    white   precipitate,   which 
washed  till  it  contained  no  ao 
salts,  then  dried  and  calcined,  gaive  417 
of  oxide  of  oeriuflo. 

(e.)  The  water  fiom  the  vrasbing  of 
tartrate  of  ooium  being  united  and 
with  hydrosulphuret  of  potash,  gave  a 
pitate  which  became  black  in  the  air.  It 
W9A  oxide  of  iron,  the  vreigfat  of  which,  after 
calcination,  was  2  parte. 

Hius,  lOOpertaofcentefamiBhedbytfaio 

ilysis, 

Silica  (a)  (6),  17 

lime  (c),  S 

Oxide  of  iron  (d),  S 

Oxide  of  eerinm  (f\  €7 

Water  and  caitKmic  acid,  by  eatimatf^     18 

100 


to 


292.20        96.5 

3.  Anafysis  of  Certib,  by  Vauquelin*^-^ 
The  specimen  was  of  a  slight  rose  colour, 
and  sufficiently  hard  to  scratch  glass ;  sp.  gr. 
4^53;  streak  greyish.    It  reddened  with  cal«^ 
d  nation,  losing  12  per  cent 

(o.)  100  grains  of  this  mineral,  in  fine 
powder,  were  mixed  with  ten  times  their 
weight  of  nitro-muriatic  acid,  and  subjected 
to  ebullition  for  an  hour:  the  mixture  being 
diluted  with  water,  and  filtered,  left  on  the 
filter  a  brown  dust,  which  was  dried  and 
fused  with  caustic  potash.  The  mixture  be^ 
ing  diluted  with  water,  and  then  dissolved  in 
muriatic  acid,  evaporated  to  dryness,  and  re- 
dissolved  in  water,  left  a  powder  which, 
when  collected  on  a  filter,  washed  and  cal- 
cined, weighed  17  parts :  it  was  pure  silex, 
still  slightly  coloured  yellow. 

(6.)  The  nitro-muriatic  solution  being  eva- 
porated to  dryness,  and  its  residuum  redis- 
solved  in  water,  left  about  one  part  of  silex, 
coloured  by  a  little  oxide  of  cerium. 

(c.)  The  same  solution,  freed  from  silex, 
and  united  to  the  washings  of  the  silex,  was 
decomposed  by  ammonia ;  the  oxide  of  ce« 
rium,  and  the  oxide  of  iron,  precipitated  by 
this  meansi,  were  separated  from  the  liquid 
by  filtration.  The  oxalic  acid  added  to  this 
liquid,  formed  a  precipitate,  which,  by  caki* 
nation,  gave  two  parts  of  lime. 
^  (d.)  The  metallic  oxides,  united  and  cal- 
cined, weighed  70  parts :  they  had  a  beauti- 


4*.  COFPSa  Obbs.     Ana^f«ia  of 
malachite^  by  Klaproth  :— 

(a.)  100  grsins  of 
powder  by  trituration,  w«re  diasolved  m  ni- 
tric add ;  which  was  effected  vrithout  katvio^ 
any  residue.  The  solution  had  a  bi%ht  bhie 
colour,  and  vras  saturated  to  exceas  vritfa  am- 
monia; but  the  precipitate  produced  was 
entirely  and  without  tardineas  redissolved  by 
the  excess  of  the  alkali.  Hub  showed  that 
the  maladiite  here  examined 
ftee  from  iron,  and  similar  adnuxturas. 

(6.)  He  combined  100  graias  of  tritmatod 
malachite,  vrith  a  sufiicieDt  quantity  of  snU 
phuric  add,  previously  diluted  with  five  pacta 
of  water,  and  accurately  weighed  togedicr 
with  the  vessel.  After  the  malacfaitca  had 
been  wholly  dissolved,  which 
gradually,  and  with  a  moderatdj 
efiervescence,  the  loss  of  weight  oocailooed 
by  the  carbonic  acid  gas  that  waa  extrieatedt 
was  found  to  consist  of  18  gr. 

(c.)  100  grsins  of  the  same  powdend  ■»> 
lachites  were  ignited  at  a  nBoderate  heat  in 
a  covered  crudble.  The  black  residue  bad 
lost  89^  grains  in  wdght.  If  ftom  theae  be 
subtracted  18  grains  for  the  caibonic  add,  the 
remaining  11^  grains  of  loss  will  nnnsiat  of 
water. 

(d.)  And  lastly,  100  grains,  which  had 
been  dissolved  in  dilute  sulirfiuric  add,  and 
predpitated  by  dnc,  yielded  58  grainaof  pore 
copper. 

In  consequence  of  these  experiments^  the 
Siberian  malachites  consist  of 

Copper,         -  58 

Carbonic  acid,  18 

Oxygen,  -  18.6 

Water,  -  11.5 

loao 
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4.  Gold  Okeb.  A  -Mry  inttructiTe  an»- 
lysiB  of  the  TnnsylvaniaD  auriferous  lamellar 
ON^  from  Naygag,  by  Klaproth :— • 

(a.)  1000  gruas,  froed  in  the  best  pottible 
manner  from  the  stony  matrix,  were  tritu- 
rated, and  digested  at  a  moderate  best,  firrt 
with  ten  ounces  of  muriatic  add,  to  which 
nitric  acid  was  gradually  added.  A  violent 
aclion  then  took  place,  and  the  black  colour 
of  the  powdered  ore  rapidly  disappeared. 
While  the  fluid  was  yet  hot,  it  was  poured 
upon  a  filter ;  and  the  residue  was  once  more 
digested  with  five  ounces  of  muriatic  acid, 
and  the  whole  filtered.  In  a  short  time 
acicular  crystals  were  deposited  in  the  solu- 
tion, which  was  yellow,  and  likewise  on  the 
filtering  paper.  Hiese  crystals  were  covered 
with  boiling  hot  water,  till  they  were  all  dis- 
solved ;  after  which  only  the  quartsose  por- 
tion of  the  matrix  and  some  sulphur  ro- 


(6.)  The  sulphurous  ingredient  in  the  ore 
had  united  into  a  coherent  mass,  and  could 
therefore  be  easily  removed  from  the  earthy 
residue.  Its  weight  was  17^  grains.  Burned 
4MI  a  moderatdy  heated  calcining  test,  it  left 
Sff  grains  of  blackish  residuum,  which  was 
dissolved  in  muriatic  mad,  and  added  to  the 
foregoing  solution.  Hence  the  quantity  of 
sulphur  was  14  grains. 

(c.)  That  portion  of  the  matrix  which  con- 
sisted of  white  grsins  of  quarts,  weighed  in 
the  dry  state  440|^  grains.  This  being  mixed 
with  four  times  its  quantity  of  carbonate  of 
potash,  was  melted  to  ritrification.  On  break- 
ing the  crucible,  a  few  globules  of  silver  were 
found  dispersed ;  which,  however,  could  not 
be  well  collected.  But  from  another  experi- 
ment, to  be  mentioned  in  the  sequel,  it  r»> 
sttlted,  that  this  tU»er  may  be  estimated  at 
8^  grains.  Whence,  since  in  the  present  case 
it  was  in  the  state  of  muriate,  3^  grains  are 
to  be  subtracted,  so  that  of  the  above  stated 
weight  437  grains  remain. 

(d.)  The  solution  (a.),  from  which,  on  ad- 
dition of  the  edulcorating  water,  a  white  tel- 
luric oxide  fell  down  in  great  quantity,  was 
concentrated  by  evaporation ;  during  which 
process  that  precipitete  again  entirely  dis- 
solved. On  the  other  hand,  numerous  crys- 
tals of  muriate  of  lead  were  deposited  from 
the  liquor,  even  while  warm;  which  being 
taken  out,  the  evaporation  was  carried  on  as 
long  as  any  more  of  them  appeared.  Hiese 
crystals,  when  collected,  were  carefuUy  rins- 
ed by  dropping  upon  them  muriatic  add, 
and  highly  dried.  They  wdghed  330  gruns, 
equivalent  to  248  grains  of  lead  in  the  me- 
tallic state. 

(e.)  After  the  concentrated  solution  had 
been  thus  freed  from  lead,  he  diluted  it  a 
little  with  water,  and  added  a  large  quantity 
of  spirit  of  wine,  as  long  as  any  white  preci- 
pitete fell.  Tlic  mixture  having  stood  for  a 
while  in  a  gentle  warmth,  what  predpitatfid 


was  collected  on  the  filter,  edoicerated  with 
ardent  spirit,  redissolved  in  muriatic  add; 
and  predpitated  again  in  the  state  of  a  pure 
telluric  oxide  by  means  of  caustic  soda,  and 
by  strictly  watering  the  precise  point  of  sa- 
turation. This  oxide,  washed  and  dried,  gav« 
in  the  balance  178  grains,  which  correspond 
to  148  grains  of  re^iline  tellurium. 

(/.)  For  the  purpose  of  ascertaining  the 
proportion  of  gold,  he  now  reduced  the  fluid 
from  which  the  tellurium  had  been  separsted, 
by  distilling  off  the  spirit  of  wine  in  a  retort ; 
diluted  again  the  concentrated  solution  with 
water;  and  lastly,  dropped  into  it  a  nitrio 
solution  of  mercury,  prepared  without  the 
assistence  of  heat ;  adding  this  nitrate  until 
no  brown  predpitate  any  longer  appeared, 
and  till  the  white  predpitate  which  succeeded 
the  brown  no  more  changed  its  own  colour. 
After  this  the  mixture  was  placed  in  a  warm 
temperature  where  the  white  precipitate, 
which  was  owing  to  the  nitrated  mercury 
added  in  excess^  again  gradually  disappeared. 
The  brown  predpitate,  which  fell  to  Uie  hot* 
tom  as  a  heavy  powder,  was  the  gold  sought 
for.  When  collected  and  fused  with  nitrate 
of  potash,  it  gave  a  bead  of  pure  gold,  weigh* 
ing  41  {  grains. 

(g.)  The  liquor  was  now  saturated  with 
oartwnate  of  soda,  in  a  boiling  heat.  A  ov 
pious  bluish-grey  precipitate  ensued,  which 
turned  black-brown  by  ignition.  Digested 
with  muriatic  add,  it  dissolved  again  clearly, 
and  gave  out  oxygenated  muriatic  add  ga& 
By  combining  this  solution  with  liquid  car- 
bonate of  ammonia  to  a  considenble  degree 
of  supersatuntion,  a  greyish-white  predpitrte 
was  produced ;  which,  collected,  washed,  and 
dried,  wdghed  92  grains,  and  proved  to  be  a 
somewhat  iron-shot  carbonated  oxide  of  ma». 


(A.)  The  ammoniacal  lixivium  (g.)  appear- 
ed of  a  blue  colour.  After  bdng  supersa- 
turated with  sulphuric  acid,  by  which  it  was 
again  rendered  colourless,  a  small  plate  of 
polished  iron  was  introduced,  and  the  vessel 
put  in  a  warm  place.  Hie  iron  became  gra- 
dually  coated  with  copper,  the  weight  of 
which  after  drying  was  six  grains. 

Therefore  the  1000  grains  E«lpsiw  of  the 
were  decomposed  into  SSd^SuigimlSS 


OTe. 


Lead  (</), 

Tdlurium  (e), 

Gold  (/), 

Silver  (c). 

Copper  (A), 

Sulphur  (6), 

Oxide  of  manganese  (^),  02.0 

Quarts  (c),  437.0 

969.0 
Loss,     11.0 


24ao 

54  0 

148.0 

32.2 

41.5 

9.0 

2.5 

0.5 

6.0 

1.3 

14.0 

ao 

loao 


1000.0 
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6.  Iron  Oaes  are  usually  analjned  by 
fusion.  On  this  subject  there  is  a  valuable 
essay  by  Mr  Mushet,  in  the  4th  volume  of 
the  PbtL  Magazine.  In  the  hematites  iron 
ore,  for  1  pound  avoirdupois,  he  commonly 
added  6  ounces  dried  chalk,  and  J  of  an  ounce 
of  charcoal ;  and  for  the  splinty  blue  ore  also 
a  similar  mixture.  From  both  of  these  mix- 
tures he  obtained  the  richest  sort  of  crude 
iron.  The  kidney  ore  will  admit  of  a  dimi- 
nution of  chalk,  and  a  small  addition  of  glass. 
One  pound  avoirdupois  of  this  variety  will 
be  accurately  assayed  by  the  addition  of  5 
ounces  chalk,  1  ounce  glass,  and  }  of  an 
ounce  of  charcoal.  The  same  proportion  of 
mixtures  will  also  accurately  reduce  the  small 
pieces  of  this  ore,  commonly  of  a  soft  greasy 
consistence,  mixed  with  small  fragments  oi 
the  hematites  and  the  kidney,  and  will  give 
out  the  iron  which  they  contain  supercarfou- 
retted.  A  mixture  of  this  soft  ore  with  kid- 
ney, is  preferred  to  the  richer  variety  at  the 
iron  manufactories.  The  Lancashire  ore  con- 
sists chiefly  of  this  compound,  and  the  poorer 
in  iron  has  always  a  decided  preference  given 
it  at  the  blast-furnace.  The  Elba  ore  may 
be  reduced  into  smooth  caiburetted  iron,  by 
exposing  to  a  melting  heat  2  ounces  of  it 
mixed  with  2  ounces  of  chalk,  1{  ounce  bot- 
tie-glass,  and  ^  ounce  of  charcoal.  To  the 
Islay  iron  ore,  and  the  Norwegian,  Danish, 
and  Swedish,  Mr  Mushet  adds,  for  every 
pound,  7  ounces  of  dried  chalk,  3  of  bottle- 
glass,  and  1  of  charcoal.  By  carburetted  iron 
is  meant  cast-iron. 

I  shall  now  give  an  outline  of  Mr  Hat- 
chett*s  much  admired  analysis  of  the  magne- 
tical  pyrites. 

(a.)  100  grains  reduced  to  a  fine  powder, 
were  digested  with  two  ounces  of  muriatic 
add,  in  a  glass  matrass  placed  in  a  sand-bath. 
A  strong  effervescence  ensued,  occasioned  by 
the  production  of  sulphuretted  hydrogen  gas ; 
and  a  pale  yellowish-green  solution  was  form- 
ed. The  residuum  was  then  again  digested 
with  two  parts  of  muriatic  acid,  mixed  vrith 
one  of  nitric  acid ;  and  a  quantity  of  pure 
sulphur  was  obtained,  which,  being  dried, 
weighed  14  grains. 

(6.)  The  acid  in  which  the  residuum  had 
been  digested  was  added  to  the  first  muriatic 
solution;  some  nitric  acid  was  also  poured 
in  to  promote  the  oxidizement  of  the  iron, 
and  thereby  to  fiuilitate  the  precipitation  of 
it  by  ammonia,  which  was  added  after  the 
liquor  had  been  boiled  for  a  considerable  time. 
The  precipitate  thus  obtained  was  boiled  with 
lixivium  of  potash ;  it  was  then  edulcorated, 
dried,  made  red-hot  with  wax  in  a  covered 
porcelain  crucible,  and  completely  taken  up 
by  a  magnet ;  and,  being  weighed,  amounted 
to  80  grains. 

(c.)  The  lixivium  of  potash  was  examined 
by  muriate  of  ammonia,  but  no  ajumina  was 
obtained. 


(<f.)  To  the  filtered  liquor,  from  wbicfa  the 
iron  had  been  predpitaled  by  ammonia,  nns- 
riate  of  baryta  was  added,  until  it  ceoaed  ft9 
produce  any  precipitate:  this  was  then  di- 
gested with  some  very  dilute  muriatic  add  ; 
was  collected,  washed,  and  after  ezpaeare  to 
a  low  red  heat  for  a  fiew  minutes  in  a  cruci- 
ble of  platinum,  weighed  155  grains.  If 
therefore  the  quantity  of  sulpbur  ooovetted 
into  sulphuric  acid  by  the  preceding  opera- 
tions, and  precipitated  by  baryta,  be  calco- 
latied  according  to  the  experiments  of  M« 
Chenevix,  then  155  gndns  of  sulphate  of 
baryta  will  denote  nearly  22.5  of  sulpfaar 
(21.  Dr  WoUaston*s  scale) ;  so  that  with  the 
addition  of  the  14  grains  previously  obtained 
in  substance,  the  total  quantity  will  amount 
to  36.5,  (35.) 

(e.)  Moreover,  from  what  has  been  stated 
it  appears,  that  the  iron  which  was  obtained 
in  the  form  of  black  oxide  weighed  SOgndna; 
and  by  adding  these  SO  grains  to  the  36.5  of 
sulphur,  an  increase  of  weight  is  found  ^ 
16.5.  This  was  evidently  owing  to  the  oxi- 
dizement of  the  iron,  which  in  the  rai^ncti* 
cal  pyrites  exists  quite  or  very  nearly  in  the 
metallic  state ;  but  by  the  operatioDs  of  tlie 
analysis  has  received  this  addition.  The  real 
quantity  of  iron  must  on  this  account  be 
estimated  at  63.5.  100  grains,  therefore,  of 
the  magnetical  pyrites  yielded 

^'I*"^'    {  (S)  22:5  (21)  \   ^^  c^> 
Iron,  (0  s      6a5  (62.22) 

loao  97.22 

This  analysis  was  repeated  in  a  similar 
manner,  excepting  that  the  whole  was  digeit- 
ed  in  nitric  acid,  until  the  sulphur  waa  en- 
tirely converted  into  sulphuric  add.  To  the 
liquor  which  remained  after  the  separation 
of  the  iron  by  ammonia,  muriate  of  baryta 
was  added,  as  before,  and  formed  a  predpi- 
tate  which  wdghed  245  grains.  Now  dieeeb 
by  Dr  WoUaston's  scale,  are  equivalent  to 
nearly  33.5  (»f  sulphur.  Hence  it  would  ap- 
pear, that  a  little  sulphur  is  dissipated  in  the 
form  of  sulphurous  add,  by  this  mode  of 
<^>eration. 

The  theoretical  equivalent  proportions  of 
magnetic  pyrites  are, 

Sulphur,  3a363  2.00 

Iron,  6a636  ^50 

We  thus  see,  that  Mr  Hatchett*s  final 
statement  is  almost  exact ;  for  M.  Chenevix*s 
erroneous  estimate  of  the  composition  ^  sul- 
phuric add  and  sulphate  of  baryta,  makes  a 
competisation  for  the  experimental  deviation 
or  loss;  amounting  on  the  iron  to  1.416, 
and  on  the  sulphur  to  1.363,  in  the  100 
parts. 

Analysis  of  aneniate  of  iron,  by  M.  Che- 
nevix:— 

100  grains  boiled  with  potash  left  58.5. 
The  liquor,  treated  by  nitrate  of  lead,  gave  of 
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aneniate  of  lead  a  quantity  which  he  etti- 
mated  as  equivalent  to  31  of  anenic  acid. 
The  56.5  left  4^  which  muriatic  add  could 
not  dxssolTe,  and  which  were  silica.  Am- 
monia ditflolTcd  9,  and  there  remained  45.5 
of  oxide  of  iron.  This  analysis  presents  the 
following  results;— 

Arsenic  add,  -  31.00 

Oxide  of  iron,  *         -  45.50 

Oxide  of  copper,  -  9.00 

Silica,  -  -  4.00 

Water,  by  inference^  10.50 

100.00 

7.  Lead  Orb.  Analysis  of  yellow  lead 
ore  from  Wanlockhead,  by  Klaproth  :— 

(a.)  Upon  100  grains  of  this  ore,  finely 
le^gated,  dilute  nitric  acid  was  poured  and 
heated.  They  dissolved,  and  only  a  few  in- 
connderable  flocks  escaped  the  action  of  the 
solvent.  The  filtered  colourless  solution, 
when  treated  with  nitrate  of  silver,  gave  lO^ 
muriate  of  silver,  which  indicates,  says  Kli^ 
proth,  1.62  grains  dry  muriatic  add. 

(ft.)  Sulphuric  add  was  then  presented  to 
the  solution.  It  predpitated  the  lead  con- 
tained in  that  fluid  in  the  state  of  sulphate ; 
which  having  suffered  a  red  heat,  wdgbed 
106f  grains ;  for  which  80  grains  of  oxide  of 
lead  roust  be  allowed. 

(c.)  The  excess  of  sulphuric  add  bdog 
fleparated  by  means  of  nitrate  of  baryta,  am- 
monia was  added  to  the  saturation  of  the 
nitric  acid,  and  the  phosphoric  acid  was  then 
thrown  down  with  acetate  of  lead.  From 
80  grains  of  phosphate  of  lead  thus  obtained, 
he  inferred  18  grains  of  phosphoric  acid  to 
have  existed  in  the  ore. 

The  residuary  part  of  the  fluid  contained 
nothing  more  of  the  constituent  parts  of  the 
mineral,  excepting  a  slight  trace  of  iron. 
Consequently  100  gr.  were  resolved  iotc^- 
Oxide  of  l«id,  80 

Phosphoric  add,  18 

Muriatic  acid,  1.68 


of  Grey 


99.62 
Silver  Obc, 


by 


8.   Analyab 
Klaproth : — 

(a.)  300  grains  of  the  fragments  selected 
from  the  pounded  ore,  though  not  perfectly 
separable  from  the  quartzose  gangue,  with 
which  they  were  firmly  concreted,  were  levi- 
gated to  a  subtile  powder,  and  digested  with 
four  times  thdr  wdght  of  nitric  add.  The 
digestion  was  renewed  with  the  residuum  in 
an  equal  quantity  of  the  same  acid ;  and  the 
portion  which  still  remained  undissolved  then 
assumed  a  greyish-yellow  colour,  and  weigh- 
ed 188  grains. 

(b.)  By  the  addition  of  muriate  of  soda  to 
the  bright  green  nitric  solution,  its  sQver  was 
thrown  down ;  and  this  predpitate,  collected 
and  reduced  by  means  of  soda,  yielded  31  j^ 
grains  of  metallic  silver. 


(c.)  The  silver  bdng  thus  separated,  he 
tried  the  solution  for  lead ;  but  ndther  the 
neutral  sulphates,  nor  firee  sulphuric  add, 
could  discover  the  least  sign  of  it. 

(</.)  Afler  this  be  added  caustic  volatile 
alkali,  so  as  to  supersaturate  the  add ;  upon 
which  a  reddish-brown  precipitate,  of  a  loose 
cohesion,  appeared,  that  by  ignition  became 
of  a  black-brown,  and  wdghed  9}  grains. 
It  dissolved  in  nitric  add,  leaving  behind  it 
half  a  grain  of  siliceous  earth.  Fhissiate  of 
potash  produced  from  the  filtered  solution  a 
deep  blue  precipitate  of  iron ;  and  after  this 
was  separated,  1}  grains  of  alumina  were 
obtained  from  it  by  means  of  soda.  Tliere- 
fore^  subtracting  the  siliceous  and  ai^llace- 
ous  earths,  the  portion  of  iron  attractible  by 
the  magnet  amounted  to  7{  grains. 

(e.)  To  the  solution,  which  had  been  bo- 
fore  supersaturated  with  pure  ammonia,  and 
exhibited  a  sapphire-blue  colour,  sulphuric 
add  was  now  added  to  excess.  A  polished 
piece  of  iron  was  then  immersed  into  the 
fluid,  from  which  it  predpitated  69  grains  of 
copper. 

(f. )  The  above  greyish-yellow  residuum 
(a.)  was  now  to  be  examined.  It  was  di- 
gested with  six  times  its  quantity  of  muriatic 
add,  in  a  heat  of  ebullition.  When  filtered, 
the  residue  which  was  left  on  the  paper,  be^ 
ing  first  washed  with  muriatic  add,  then  with 
a  little  alcohol,  and  lastly  dried,  was  found 
to  weigh  105}  grains. 

(jg,)  From  the  solution  which  was  obtained 
by  the  last  process,  and  was  of  a  straw-yel- 
low, the  greater  part  of  the  fluid  was  drawn 
off  by  gentle  distillation  in  a  retort.  The 
remaining  concentrated  solution  then  deposit- 
ed some  crystalline  grains,  which  were  care- 
fully collected,  and  proved  upon  inquiry  to 
be  muriate  of  silver,  wdgbing  one-fourth  of 
a  grain.  A  large  quantity  of  water  bdng 
next  poured  into  the  solution,  a  copious  pre- 
dpitate subsided,  weighing  after  desiccation 
97^  grains.  It  provMJ  by  every  test  to  be 
oxide  of  antimony,  for  which,  as  was  found 
by  comparative  experiments,  75  grains  of 
reguline  antimony  must  be  allowed. 

(A.)  The  residue  obtained  (/.),  weighing 
I05(  grains,  which  comprised  the  sulphure- 
ous part  of  the  ore,  was  exposed  to  a  low 
heat,  by  which  treatment  the  sulphur  was 
consumed,  and  80^  grains  ot  silica  remained. 
Hence  the  quantity  of  the  sulphur  was  equal 
to  25^  grains. 

(t.)  Tbe  siliceous  earth  was  next  fused 
with  four  times  its  weight  of  black  flux. 
The  mdted  mass  entirely  dissolved  in  twice 
its  wdght  of  water  into  liquor  of  flints ;  some 
minute  particles  of  silver,  wdghing  three- 
fourths  of  a  grain,  excepted.  According  to 
this,  the  proportion  of  silica  amounted  to  79} 
grains. 

The  whole  constituents  therefore  are,— 
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Ore,  exclusive  of 


aUrer,         (b) 

U) 

Copper,  (e) 
Antimony,  (g) 
Iron,  (d) 

Sulphur,  (k) 
AluminA,    {d) 


31.5   > 
0.25  [  32.50 
0.753 

eaoo 

75.00 
7.25 

25.25 
1.50 


ire,  cxclui 
■lllca,in 


HNH 


14v77 

31.36 
34.09 

3.30 
11.50 

0.30 


SUka,         {d)wad(i)    80.00         95.52 

9.  Analysis  of  Tin  Ores  by  Klaprotb :— • 

1.  Tinstone. 

(a.)  100  grains  of  tinstone  from  Altemon 
in  Cornwall,  previously  ground  to  a  subtile 
powder,  were  mixed  in  a  silver  vessel,  with 
a  lixivium  containing  600  grains  of  caustic 
potash.  This  mixture  was  evaporated  to  dry- 
ness in  a  sand  heat,  and  then  moderately 
ignited  for  half  an  hour.  "When  the  grey- 
white  mass  thus  obtained  had  been  softened 
while  yet  warm  with  boiling  water,  it  left  on 
the  filter  11  grains  of  an  undissolved  residue^ 

(6.)  These  II  grains  again  ignited  with  6 
times  their  weight  of  caustic  potash,  and 
dissolved  in  boiling  water,  left  now  only  l^ 
grains  of  a  fine  yellowisfa-grey  powder  be- 
hind« 

(c.)  The  alkaline  solution  (a  and  6),  which 
was  in  some  degree  colourless,  was  saturated 
with  muriatic  acid.  A  brilliant  white  tender 
oxide  of  tin  was  thrown  down,  giving  to  the 
mixture  a  milky  appearance,  lliis  preci- 
pitate, redissolved  by  an  additional  quantity 
of  muriatic  add,  was  precipitated  afresh  by 
means  of  carbonate  of  soda.  When  lixiviat- 
ed and  dried  in  a  gende  heat,  it  acquired  the 
form  of  bright  ydilowish  transparent  lumps, 
having  in  their  fracture  a  vitreous  lustre. 

((/.;  This  precipitate  being  finely  powdered, 
soon  dissolved  entirely  in  muriatic  add,  as- 
sisted by  a  gentle  heat.  Into  the  colourless 
solution,  previously  diluted  with  from  2  to 
3  parts  of  water,  he  put  a  stick  of  sine ;  and 
the  oxide  of  tin,  thus  reduced,  gathered 
iMTOund  it,  in  delicate  dendritic  laroin«  of 
a  metallic  lustre.  These,  when  collected, 
washed,  dried,  and  fused  under  a  cover  of 
tallow,  in  a  capsule  placed  upon  charcoal, 
yielded  a  button  of  pure  metallic  tin,  weigh- 
ing 77  gFsins. 

(e.)  The  above*mentioned  residue  of  }j- 
grains,  left  by  the  treatment  with  caustic  pot- 
ash (6.),  afforded  with  muriatic  add  a  3rel- 
lowidi  solution ;  from  which,  by  means  of  a 
little  piece  of  xinc  introduced  into  it,  -}  grain 
of  tin  was  still  deposited.  Ferropnissiate  of 
potash  added  to  the  remainder  of  the  solution 
produced  a  small  portion  of  a  light  blue  pre- 
dpitate ;  of  which,  after  deducting  tiie  oxide 
of  tin,  now  combined  with  it,  haidly  j^  of  a 
grain  remained  to  be  put  to  the  account  of 
the  iron  cont«ned  in  the  tinstone  here  exa- 
mined. 


In  diese  experiments,  (excepting  only  a 
slight  indication  of  silex,  amounting  to  abool 
}  of  a  grain),  no  trace  appeared  dlfaer  of 
tungstic  oxide,  which  some  mineralogiali 
have  supposed  to  be  one  of  the  conatitiieal 
paffts  of  tinstone,  nor  of  any  other  fixed  sob- 
stance.  Therefore  what  is  deficient  in  iIm 
sum,  to  make  up  the  original  weight  of  tlie 
mineral  analyzed,  must*  be  ascribed  to  the 
l(Ms  of  oxygen ;  and  thus  the  constituent  parts 
of  pure  tinstone  from  Altemon  are  to 
other  in  the  following  proportions :«« 
Tin,  -  77.50 

Iron,  -  0.25 

Silica,  -  0.75 

Oxygen,  21.50 


Sb 


loaoo 

2.   Tin    pyrites,   from  Wheal-Rock, 
Agnes,  in  Comwidl. 

(a.)  120  grains  of  finely  triturated  tia 
pyrites  vrere  treated  with  an  aqua  regia,  oohi- 
posed  of  1  ounce  muriatic  add,  and  ^  ovnea 
of  nitric  add.  Witfain  24  hours  the  gieatcjt 
part  of  the  metallic  portion  vras  dissidved  in 
it,  vrithout  application  of  heat;  wfafle  the 
sulphur  rose  up  and  floated  on  the  surteo 
of  the  menstruum.  After  the  mixtare  bad 
been  digested  upon  it  for  some  time  in  alow 
sand  heat,  it  vras  diluted  vrith  water,  and 
thrown  on  a  filter.  It  left  43  grains  of  sul- 
phur on  the  paper,  still,  however,  mixed  with 
metallic  particles.  When  the  salphur  had 
been  gently  burnt  off  on  a  test,  these  still 
remained  13  grains;  of  which  8  were 
solved  by  nitro-muriatic  acid.  The 
ing  part  was  then  ignited  vrith  a  little 
upon  which  the  magnet  attracted  1  grain  of 
it.  What  remained  was  part  of  the  aliceom 
matrix,  and  weighed  3  grains. 

(b,)  The  solution  of  the  metallic  portion 
(a. )  was  combined  with  carbonate  of  potash  ;* 
and  the  dirty-green  predpitate  thus  obtained 
was  redissolved  in  muriatic  acid,  diluted  with 
3  parts  of  water.  Into  this  fluid  »  cylinder 
of  pure  metallic  tin,  wdghing  217  grains, 
was  immersed.  The  result  was,  that  the 
portion  of  copper  contained  in  the  solution 
deposited  itself  on  the  cylinder  of  tin ;  a* 
the  same  time  that  the  fluid  began  to  lace 
its  green  colour,  from  the  bottom  upwards, 
until,  after  tlie  complete  predpitation  of  the 
copper  in  the  reguline  state,  it  -became  quite 
colourless. 

(c.)  The  copper  thus  obtained  wdgfaed  44 
grains.  By  brisk  digestion  in  nitric  acid  it 
dissolved,  forming  a  blue  tincture^  and  left 
1  grain  of  tin  behind,  in  the  dwracter  of  e 
white  oxid&  Thus  the  portion  of  pure  cop- 
per consisted  of  43  grains. 

(d.)  The  cylinder  of  tin  employed  to  pre- 
dpitate the  copper  now  weighed  128  grains  ; 
so  that  89  grains  of  it  had  entered  into  the 
muriadc  solution.  From  this,  by  means  of 
a  cylinder  of  zinc,  he  reproduced  the  whole 
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Sulphur,      30 

25 

T!n»            41 

3i 

Copper,       43 

36 

Iron,             2 

2 

Gangue,        3 

— 
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of  tlie  dkiolvccl  da,  which  ww  loiwdy  de-  It  is  picked  out  again  wery  carefiiUy,  at  the 

podtcd  upon  tiae  sine  in  a  tender  dendntical  heterogeneous  particles  have  become  moie 

form.     When  the  tin  was  all  precipitated,  he  discernible  by  the  action  of  the  fire :  it  is 

ooileded  and  lixiviated  carefully,  and  suffer-  then  ground  to  a  fine  powder,  and  washed 

ed  it  to  dry.     It  weighed  130  grains.     By  in  a  gentle  rill  of  water,  which  carries  off  the 

mixing  it  with  tallow,   he  melted  it  into  earthy  mixtures  of  extraneous  matters;  so 

grains,  under  a  cover  of  charcoal  dust,  in  a  that,  by  these  processes,  a  ton  of  the  crude 

smaU  crucible ;  and  separated  the  powder  of  calamine  of  Derbyshire  is  reduced  to  12  cwt. 

the  coal  by  elutriation.     Among  the  washed  only. 

grains  of  tin  some  black  particles  of  iron  Bergmann  affirms,  that  a  certain  Englisl^ 

wen  observed,  which  were  attractible  by  the  man,  whose  name  he  does  not  mention,  made^ 

magnet,  and  weighed  1  grain.     Deducting  several  years  ago,  a  voyage  to  China,  for  the 

this,  there  remain  129  grains  for  the  weight  purpose  of  learning  the  art  of  smelting  sine, 

of  the  tin.     By  subtracting  again  ftom  these  or  tutenague ;  and  that  he  became  instructed 

last,  those  89  grains  which  proceeded  from  in  the  secret,  and  returned  safely  home, 

the  cylinder  of  tin  employed  for  the  precipi-  It  is  not  improbable  but  that  a  fiict  of  this 

tation  of  the  copper  (6.),  there  remained  40  kind  may  have  served  to  establish  the  maoD- 

gnins  for  the  portion  of  tin  contained  in  the  fiMrtory  of  sine  in  England  about  the  year 

tin  pyrites  examined.     Hence,  including  the  1743,  when  Mr  Champion  obtained  a  patent 

1  grain  of  tin  wliich  had  been  separated  from  for  the  making  of  it,  and  built  the  first  work 

the  solution  of  the  copper  (c),  the  portion  of  the  kind  near   Bristol.     It  consists^  as 

of  pure  tin  contained  in  this  ore  amounted  Watson  relates,  of  a  circular  kind  of  oven, 

to  41  grains.     The  following  is  a  view  of  like  a  glass-house  fbmaoe,  in  which  were 

the  results :«»  placed  six  pots,  of  about  four  feet  each  in 

hei^t,  much  resembling  large  oil  jara  in 
shape :  into  the  bottom  of  eadi  pot  is  insert- 
ed an  iron  tube,  which  passes  through  the 
floor  of  the  furnace^  into  a  vessel  of  water. 
A  mixture  of  the  prepared  ore  is  made  with 
charcoal,  and  the  pots  are  filled  with  it  to 

-^-  •      97  the  mouth,  f^uch  ara  then  close  stopped  with 

1 19  strong  covers,  and  luted  with  day.    The  fire 

The  darker  varieties  are  considerably  poorer  being  properly  appUed,  the  metidlic  vapour 

in  tin.     The  reduction  of  the  .ores  of  tin  is  of  the  calamine  issues  downwards,  or  per  de^ 

effected,  by  roasting  the  ore  after  it  has  been  teemum,  through  the  iron  tubes,  there  being 

pulverised  in  stamping  mills,  and  then  expos-  no  other  place  through  which  it  can  escape ; 

ing  it  to  heat  in  a  reverberatory  or  blast  fur-  and  the  air  being  excluded,  it  does  not  take 

aacci,  along  with  Welsh  small  coal  or  culm,  fire,  bat  is  condensed  in  the  water  into  gnu 

If  much  copper  be  present,  it  is  afterwards  nulated  particles ;    which,  being  re>mdted, 

fused  at  a  very  gentle  heat,  and  what  fiows  are  cast  into  ingots,  and  sent  to  Birmingham 

off  is  pretty  pure  tin.  under  the  name  of  sine,  or  spelter ;  although 

Zinc  is  reduced  by  distillation  of  its  ore  by  this  last  name  of  spelter  only  a  granulated 

(previously  roasted)  in  a  retort,  along  with  kind  of  sof^  brass  u  understood  among  the 

charcoal.  braziers,  and  othen  who  work  in  London, 

A  sulphuret  of  sine  was  lately  met  with  in  used  to  solder  pieces  of  brass  together, 

one  of  the   Ghrennap  mines,  incrusting  a  ORICHALCUM.     The  brass  of  the  an* 

spongy  pyrites  intermixed  with,  quarts,  and  ctents ;  their  as  was  a  species  of  bronse. 

so  like  wood-tin  as  to  be  supposed  a  vsriety  ORPIMENT.  Sulphuret  of  arsenic.  Sea 

of  it  by  the  miners.     According  to  Dr  Kidd,  Ores  of  ARffimc. 

it  consists  of  66  oxide  of  sine,  33  sulphur,  ORTHITE.     A  mineral  so  named  be* 

and  a  very  minute  portion  of  iron.     The  cause  it  always  occun  in  straight  hyen,  ge- 

pyritcs  contains  cobalt.  nerally  in  felspar.     It  resembles  gadoUnite^ 

In  the  dry  way,  aioc  is  reduced  by  distil-  and  consists  of  peroxide  of  cerium  19.5» 

ling  its  ore  afler  torrefaction,  with  a  mixture  protoxide  of  iron  12.44,  protoxide  of  man- 

ef  its  own  weight  of  charcoal,  in  an  earthen  ganese  3.44,  yttria  &44,  silica  32.0,  alumina 

retort  well  luted,  and  a  strong  heat :  but  by  14.S,  lime  7.84s  water  5.36.-— Berselita.    It 

this  method  scarce  half  the  zinc  it  contains  is  is  found  in  the  mine  of  Finbo,  in  the  vicinity 

obtained.  of  Fahlun  in  Sweden.     The  mine  is  situated 

The  first  dressing  of  calamine  for  the  large  in  a  vein  of  granite  which  traverses  gneiss, 

works  of  zinc  consists  in  picking  out  all  the  OSM  AZOME.     If  cold  water  which  has 

pieces  of  lead  ore,  lime,  and  ironstone,  cauk,  been  digested  fbr  a  few  hours  on  slices  of  raw 

and  other  heterogeneous  substances,  which  muscular  fibre,  with  occasional  pressure^  be 

me  found  mixed  with  it  in  the  mine :  it  is  evaporated,  filtered,  and  then  treated  with 

tben  roasted  in  pvopar  furnaces,  where  it  pure  akohol,  a  peculiar  animal  principle  will 

loses  about  a  third  or  fourth  part  of  its  weight,  be  dissoived,  to  the  exclusion  of  the  saltsk' 


OSMIUM. 


67^ 


OSTBANITE. 


By  diaiiMiiiig  Cbe  aloohol  with  a  gentle 
beet,  the  asmexoine  is  obtained.  It  has  a 
brmrniih-yellow  coloar,  and  the  taste  and 
flDell  of  soup.  Its  aqueous  solution  affimls 
predpitaftes,  with  infuaon  of  nut-galls,  ni- 
'  tnte  of  mercury,  and  nitrate  and  acetate  of 


OSMELITE.  A  new 
Colour  greyish-white ;  in  thin  prismatic  coo- 
cretions;  cleavage  visible  in  only  one  di- 
rection ;  strongly  translucent ;  feek  rather 
greasy;  haidncas  between  fluorspar  and 
apatite;  sp.  gr.  2.79  to  2L83.  It  emits  at 
the  ordinary  temperature  of  a  room,  a  dis- 
tinct clayey  smell,  whence  its  name  osmelite 
or  smelling-stone.  In  the  mouth  it  tastes 
like  clay,  and  feels  as  if  it  would  dissolve 
like  clay,  although  no  change  takes  place. 
It  occun  superimposed  on  calcareous  spar, 
mixed  with  datholite,  in  veins  in  tradiyte, 
in  a  hill  at  Niederkerefaer  near  W<d£rtein  on 
the  Rhine. 

OSMIUM.  A  metal  discovered  by  Mr 
Tennant  among  plalina,  and  thus  called  by 
him  from  the  pungent  and  peculiar  smell  of 
its  oxide.  For  the  mode  in  which  he  ex- 
tracted it,  see  Ibimum. 

Dr  WoUaston  obtained  the  oxide  of  os- 
mium in  a  pure  solid  and  crystallised  state, 
by  grinding  together,  and  introducing  when 
ground,  into  a  cold  crucible,  3  parts  by 
weight  of  the  pulverulent  ore  of  iridium  and 
1  part  of  nitre.  The  crucible  is  to  be  heated 
to  a  good  red  in  an  open  fire,  until  the  in- 
gredients are  reduced  to  a  pasty  state,  when 
osmic  fumes  will  be  found  to  arise  from  it. 
The  soluble  parts  of  the  mixture  are  then  to 
he  dissolved  in  the  smallest  quantity  of  water 
necessary  for  the  purpose,  and  the  liquor 
thus  obtained  is  to  be  mixed  in  a  retort, 
with  BO  much  sulphuric  acid  diluted  with  its 
weight  of  water,  as  is  equivalent  to  the  pot- 
ash contained  in  the  nitre  employed ;  but  no 
inconvenience  will  result  from  using  an  ex- 
cess of  sulphuric  add.  By  distilling  rapidly 
in  a  clean  receiver,  for  so  long  a  time  as  the 
osmic  fumes  continue  to  come  over,  the  ox- 
ide will  be  collected  in  the  form  of  a  white 
crust  on  the  sides  of  the  receiver ;  and  these 
melting,  it  will  run  down  in  drops  beneath 
the  watery  solution,  forming  a  fluid  flattened 
globule  at  the  bottom.  When  the  receiver 
has  grown  quite  cold,  the  oxide  will  become 
solid  and  crystallize.  One  such  operation 
has  yielded  thirty  grains  of  the  crystallized 
oxide,  besides  a  strong  aqueous  solution  of 
it._PAt^  Trans.  1829,  Birt  I. 

Its  oxide  may  likewise  be  obtained  in  small 
quantity,  by  distilling  with  nitre  the  black 
powder  left  after  dissolving  platina ;  when  at 
a  low  red  heat  an  apparently  oily  fluid  su- 
blimes into  the  neck  of  the  retort,  which  on 
cooUifg  concretes  into  a  solid,  colourless, 
aemitransparent  mass.  This  being  dissolved 
in  water,  forms  a  concentrated  solution  of 


Ofxide  of  oamuiB.  lUs  aolncion  gifct  a 
dark  stain  to  the  skin  that  cauiat  be  ^^^^fd 
Infusion  of  gaUs  presently  prodnoes  a  potple 
colour  in  it,  which  soon  after  beiumea  of  a 
deep  vivid  bine.  Hiisis  the  best  test  of  the 
oxide.  With  pure  ammonia  it  hKwnea  yel- 
low, and  sligfatly  so  with  caiboaata  of  soda. 
Witfi  lime  it  forms  a  bright  ydlow aokitkm; 
but  it  is  not  aflOscted  either  by  chalk  or  by 
pure  magnesia  The  solution  with  liaae 
gives  a  deep  red  precipitate  with  ga]l%  wfaidi 
is  turned  bine  by  adds.  It  produces  no 
efiect  on  solution  of  gold  or  platina;  hot 
predpitates  lead  of  a  ycUowiah-bn»wn,  mer- 
cury of  a  whit^  and  muriate  of  tin  of  a 
brown  ocrfour. 

Oxide  of  osmium  becomes  of  a  dark  celoMr 
vrith  alcohol,  and  afler  some  time  separates  in 
the  form  of  black  fihns,  leaving  the  akobol 
without  ealour.  The  same  efiect  is  produced 
by  ether,  and  much  more  quickly. 

It  parts  with  its  oxygen  to  all  the  metals 
except  gold  and  platina.  SUver  kept  in  a 
solution  of  it  some  time  acquires  a  bhKk 
colour,  but  does  not  deprive  it  entirely' of 
smell.  Copper,  tin,  zinc,  and  pboqiboii]% 
quickly  prmluce  a  black  or  grey  powder, 
and  deprive  the  solution  of  smeH,  and  of  the 
property  of  turning  galls  blue.  This  black 
powder,  which  consists  of  the  metallic  oa- 
mium,  and  the  oxide  of  the  metal  employed 
to  precipitate  it,  may  be  disaolved  in  nitiv- 
muriatic  add,  and  then  becomes  blue  with 
infusion  of  galls. 

If  the  pure  oxide  dissolved  in  water  be 
shaken  with  mercury,  it  soon  loses  its  smell, 
and  the  metal  forms  a  perfect  amalgam.  By 
squeezing  the  superfluous  mercury  through 
loither,  and  distilling  off  the  rest,  a  dark 
grey  or  blue  powder  is  left,  whidi  is  the 
osmium. 

Exposed  to  a  strong  heat  in  a  cavity  in  a 
piece  of  charcoal,  it  does  not  mdt ;  nor  Is  it 
volatile,  if  oxidation  be  carefully  prevented. 
With  copper  and  with  gold  it  forms  malleahle 
alloys,  which  are  easily  dissolved  in  nilio> 
muriatic  add,  and  afiford  by  «lt«riii^twft  the 
oxide  of  osmium.  The  pure  metal,  previ- 
ously heated,  did  not  ^ipear  to  be  acted 
upon  by  adds.  Heated  in  a  silver  cup  with 
caustic  alkali,  it  combined  with  it^  and  gave 
a  yellow  solution,  similar  to  that  from  wfaidi 
it  was  procured.  From  this  solution  adds 
separate  the  oxide  of  osmiuni.—-i^lUI.  2Vniis. 

OSSIFICATIONS.  The  deposition  of 
calcareous  phosphate  or  carbonate  on  the 
soft  solids  cf  animal  bodies ;  as  in  the  pineal 
gland,  lungs,  liver,  &c.  See  Puuii  Con- 
cretions. 

OSTR  ANIT£.  A  new  mineral  species, 
found  crystallized  in  the  form  of  a  right 
rhomboidal  prism,  deeply  truncated  <m  the 
angles  of  the  bases ;  lustre  vitreous ;  eohmr 
dove-brown;    hardness  inferior  to  quarts; 
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▼cry  liritde ;  sp.  gr.  between  4i.32  and  4.40. 
It  comes  from  Norway. 

OURETIC  ACID.  A  supposed  new 
acid  of  Proust  and  Bergmann,  shown  by 
Klaproth  to  be  biphosphate  of  soda. 

OX  AHEVRITE.  A  new  mineral  fVom 
the  hot  spring  of  Oxhaver  in  Iceland.  It 
occurs  in  thin  veins  and  in  crystals,  which 
are  acute  octohedrons  with  a  square  base. 
Analyzed  by  Dr  Turner,  it  afforded 
Silica,  -  50.76 

Lime,         -        -      22.39 
Pbtash,  .  4.18 

Peroxide  of  iron,         3.39 
Alumina,  -  1.00 

Fluivic  acid,  a  trace, 
Water,  -  17.36 


99.06 
It  seems  to  be  a  variety  of  apophyllite. 

OXALATES.  Compounds  of  the  salt- 
fiable  bases  with  oxalic  add.  See  Acio 
(OxAUc),  and  the  bases. 

OXALIC  ACID.  This  acid  is  describ- 
ed under  Acm  (Oxalic).  It  is  found  in 
the  state  of  oxalate  of  lime  in  the  roots  of 
the  following  plants :-— Alkana,  apium,  bis- 
torta,  carlina  acaulis,  curcuma,  dictamnus 
albus,  faniculum,  gentiana  rubra,  vincetoxi- 
cum,  lapathum,  liquiritia,  mandragora,  on- 
onis, iris  ilorentina,  iris  nostras,  rheum,  sa- 
ponaria,  sciUa,  sigillum  salomonis,  tormen- 
tilla,  Valeriana,  zedoaria,  zingiber.  And  in 
the  following  barks :— berberis,  cassia  fistu- 
laris,  canella  alba,  dnamomum,  cascarilla, 
cassia  caryophyllata,  china,  culijaran,  fran- 
gula,  fraxinus,  quassia,  quercus,  simaruba, 
lignum  sanctum,  ulmus.  In  die  state  of 
binoxylate  of  potash  it  exists  in  the  leaves  of 
the  ozalis  acetosella,  oxalis  comiculata,  dif- 
ferent spedes  of  rumex,  and  geranium  ad- 
dum. 

The  juice  of  the  cicer  parietinum  is  said 
to  be  pure  oxalic  add. 
•.  OXIDATION.  The  process  of  converu 
ing  metals  or  other  substances  into  oxides, 
by  combining  with  them  a  certain  portion  of 
oxygen.  It  differs  from  acidification  in  the 
addition  of  oxygen  not  bdng  suffident  to 
form  an  add  with  the  substance  oxidized. 

OXIDE&  Substances  combined  with 
oxygen,  without  bdng  in  the  state  of  an  add. 
.  OXYGEN  GAS.  This  gas  was  obtained 
by  Dr  Priestley  in  1774  from  red  oxide  of 
mercury  exposed  to  a  burning  lens,  who  ob- 
served its  distinguishing  properties  of  ren- 
dering combustion  more  vivid  and  eminently 
supporting  life.  Scheele  obtained  it  in  differ- 
ent modes  in  1775 ;  and  in  the  same  year  La- 
voisier, who  had  b^un,  as  he  says,  to  suspect 
the  absorption  of  atmospheric  dr,  or  of  a  por- 
tion of  it,  in  the  calcination  of  metals,  ex- 
pelled it  from  the  red  oxide  of  mercury  heated 
in  a  retort 


Oxygen  gas  forms  about  a  fifth  of  our 
atmosphere,  and  its  base  is  very  abundant  in 
nature.  Water  contains  88.88  per  cent  of  it ; 
and  it  exists  in  most  vegetable  and  animal 
products,  adds,  salts,  and  oxides. 

This  gas  may  be  obtained  from  nitrate  of 
potash,  exposed  to  a  red  heat  in  a  coated  gkss 
or  earthen  retort,  or  in  a  gun-barrel ;  from  a 
pound  of  which  about  12&  cubic  inches  may 
be  obtained ;  but  this  is  liable,  particulariy 
toward  the  end  of  the  process,  to  a  mixture  of 
nitrogen.  It  may  be  expdled,  as  already  ob- 
served, from  the  red  oxide  of  mercury,  or  that 
of  lead ;  and  still  better  from  the  black  oxide 
of  manganese,  heated  red-hot  in  a  gun-barrel, 
or  expcwed  to  a  gentle  heat  in  a  retort  with 
half  its  wdght,  or  somewhat  more,  of  strong 
sulphuric  acid.  To  obtain  it  of  the  greatest 
purity,  however,  the  chlorate  of  potash  is  pre- 
ferable to  any  other  substance,  rejecting  the 
portions  that  first  come  over  as  being  debased 
with  the  atmospheric  air  in  the  retort.  Grow- 
ing vegetables,  exposed  to  the  solar  light,  give 
out  oxygen  gas ;  so  do  leaves  Uid  on  water 
in  similar  situations,  the  green  matter  that 
forms  in  water,  and  some  other  substances. 

Oxygen  gas  has  ndtfaer  smell  nor  taste. 
Its  sp.  gr.  is  1. 1 1 1 1 ;  1 00  cubic  inches  weigh 
33.88  gr.  It  is  a  little  heavier  than  atmos- 
pheric air.  Under  great  pressure  water  may 
be  made  to  take  up  about  half  its  bulk.  It 
is  essential  to  the  support  of  h'fe :  an  aAi- 
mal  will  live  in  it  a  considerable  time  longer 
than  in  atmospheric  air;  but  its  respiratidn 
becomes  hurried  and  laborious  before  the 
whole  is  consumed,  and  it  dies,  though  a 
fresh  animal  of  the  same  kind  can  still  sus- 
tain life  for  a  certain  time  in  the  residuary  air. 

Combustion  is  powerfully  supported  by 
oxygen   gas.     Any  inflammable  substance, 
previously  kindled,  and  introduced  into  it, 
bums  rapidly  and  vividly.     If  an  iron  or 
copper  wire  be  introduced  into  a  bottle  of 
oxygen  gas,  with  a  bit  of  lighted  touchwood 
or  charcoal  at  the  end,  it  will  bum  with  a 
bright  light,  and  throw  out  a  number  of 
sparks.     The  bottom  of  the  bottle  should  be 
covered  with  sand,  that  these  sparks  may  not 
crack  it.     If  the  wire  coiled  up  in  a  spiral 
like  a  corkscrew,  as  it  usually  is  in  this  ex- 
periment, be  moved  with  a  jerk  the  instant  a 
melted  globule  is  about  to  fall,  so  as  to  throw 
it  against  the  side  of  the  glass,  it  will  melt' its 
way  through  in  an  instant,  or,  if  the  jerk  be 
less  violent,  lodge  itself  in  the  substance  of 
the  glass.    If  it  be  performed  in  a  bell  glass, 
set  in  a  plate  filled  with  water,  the  globules 
will  frequently  fuse  the  vitreous  glazing  of 
the  plate,  and  unite  with  it  so  as  not  to  be 
separable  without  detaching  the  glaze,  though 
it  has  passed  through  perhaps  two  inches  of 
vrater 

.  OXYGENATION.     This  word  is  often 
used  instead  of  oxidation,  and  frequently  con- 

Uu 
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founded  with  it ;  but  it  diffen  in  being  of 
more  general  import,  as  every  union  with 
oiygsn,  whatever  the  product  may  be^  is  an 
oxygenation ;  but  oxidation  takes  place  only 
when  an  oxide  is  formed. 


OX  YMEL.     A  compound  of  honey 
vin^ar. 

OXYMURIATIC  ACID. 
OXYPRUSSIC    ACID. 

(Cblorocyanic) 


See    Aao 


PACKFONG,  or  White  Copper,  called 
also  Gvnoan  silver.  M.  Gersdorf  of  Vienna 
states,  that  the  proportion  of  the  metals  in 
this  alloy  should  vary  according  to  the  uses 
for  which  it  is  destined.  When  nnade  a  sub- 
stitute for  silver,  it  should  consist  of  85  parts 
nickel,  S5  zinc,  and  50  copper.  An  alloy 
more  proper  for  rolling  is  made  vrith  S5 
nidcel,  20  sine,  and  60 copper:  castings,  like 
candlesticks,  bells,  &c.  are  compounded  of 
nickel  20,  sine  20,  and  copper  60,  to  which 
3  of  lead  are  added.  An  addition  of  2  or 
%\  of  iron  or  steel,  renders  the  packfong 
much  whiter,  but  harder  and  more  brittle. 

PAINT&  In  the  Philosophical  Tran». 
actions  for  1815,  Sir  H.  Davy  has  communi- 
cated the  resultsof  some  interesting  researches, 
which  he  had  made  at  Rome^  on  the  colours 
used  by  the  ancient  artists. 

He  found  the  reds  to  be  minium,  ochre, 
and  cinnabar. 

The  yellows  were  ochre»  orpiment,  and 
massicot. 

The  blues  were  formed  from  carbonate  of 
copper,  or  cobalt,  vitrified  with  glass. 

The  purples  were  made  of  shdUiish,  and 
probably  also  from  madder  and  cochineal 
lakes. 

The  blacks  and  browns  were  lamp-black, 
ivory-black,  and  ores  of  iron  and  manganese. 

Tlie  whites  were  chalk,  white  clay,  and 
ceruse.  « 

The  Egyptianasure,  the  excellenoe  of  which 
is  proved  by  itsduration  for  seventeen  hundred 
years,  nwy  be  easily  and  cheaply  made.  Sir 
H.  Davy  found,  that  15  parts  by  weight  of 
carbonate  of  soda,  20  of  powdered  opaque 
flints,  and  3  of  copper  filings,  strongly  heated 
together  for  two  hours,  gave  a  substance  of 
exactly  the  same  tint,  and  of  nearly  the  same 
degree  of  fusibility,  and  which  when  powdered 
produced  a  fine  deep  sky-blue. 
.  He  conceives  that,  next  to  coloured  frits, 
the  most  permanent  pigments  are  those  fur-' 
nished  by  the  peroxides,  or  persalts,  such  as 
ochres,  carbonates  of  copper,  patent  yellow 
(submuriate  of  lead),  chromate  of  lead,  ars^ 
nite  of  copper,  insoluble  chloride  of  copper, 
and  sulphate  of  baryta. 

M*  M ertm4  has  inserted  a  note  very  inte- 
resting to  painters  in  the  jinnalet  de  Chimue 
ei  de  Phyt,  for  June  1820.  When  carbonate 
of  lead  is  exposed  for  some  time  to  vapours 
of  sulphuretted  hydrogen,  it  becomes  black. 


being  converted  into  a  sulphuret.  This  white 
pigment,  employed  with  oil,  and  covered  with 
a  varnish,  which  screens  it  from  the  air,  may 
be  preserved  for  many  hundred  years,  as  tho 
paintings  of  the  15tfi  century  prove.  But 
when  the  varnish  is  abraded  or  decays,  the 
whites  of  oenise  are  apt  to  contract  bla^ 
specks  and  spots,  which  ruin  fine  paintings. 
Miniatures  in  water  colours  are  frequently 
injured  in  this  way.  M.  Thenard  was  re- 
quested to  occupy  himsdf  with  the  means  of 
removing  these  stains  without  injuring  the 
rest  of  the  picture.  After  some  trials,  which 
proved  that  the  reagents  which  would  operate 
on  sulphuret  of  lead,  would  equally  attack  the* 
texture  of  the  paper,  as  weQ  as  other  colour^ 
he  recollected,  that  among  the  numerous  phe- 
nomena which  his  discovery  of  oxygenated 
water  had  presented  to  him,  he  observed  the 
property  it  possessed  of  converting  instantly 
the  black  sulphuret  of  lead  into  the  white 
sulphate  of  the  same  metaL  He  gave  a  por- 
tion of  water,  containing  about  five  or  nx  timca 
its  volume  of  oxygen,  to  an  artist  vrbo  bed 
a  fine  picture  of  Ri^hael  spotted  black.  On 
applying  a  few  touches  of  his  pencil,  he  per- 
ceived the  stains  vanish  as  if  by  endumtment, 
without  affecting  the  other  colours  in  the 
slightest  degree. 

PALLADIUM.  Hiis  is  a  new  metal, 
first  found  by  Dr  Wollaston  associated  with 
platina,  among  the  grains  of  which  he  sup- 
poses its  ore  to  exist,  or  an  alloy  of  it  with 
iridium  and  osmium,  scarcely  distinguishable 
from  the  crude  platina,  though  it  is  harder 
and  heavier. 

If  crude  platina  be  dissolved  in  nitro-mu- 
riatic  acid,  and  precipitated  with  a  solution  of 
muriate  of  ammonia  in  hot  vrater ;  the  pre- 
cipitate washed,  and  the  water  added  to  the 
remaining  solution,  and  a  fnece  of  clean  sine 
be  immersed  in  this  liquid  till  no  finthcr 
action  on  it  takes  place ;  the  precipitate  now 
thrown  down  will  be  a  black  powder,  com- 
monly consisting  of  platina,  palladium,  iri- 
dium, rhodium,  copper,  and  lead.  The  lead 
and  copper  may  be  separated  by  dilute  nitric 
add.  The  remainder  being  then  digested  in 
nitro-muriatic  add,  and  common  salt  about 
half  the  weight  of  the  predpitate  added  on 
the  solution,  on  evaporating  this  to  dryness 
by  a  gentle  heat,  the  result  will  be,  triple 
salts  of  muriate  of  soda,  with  platina,  paU*. 
dium,  and  rhodium.     Alcohol  will  dissolve 
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the  lint  and  leeond  of  theie,  tnd  the  smaU  fiice  tarnishes  a  little^  and  becomes  blue  ( 

portioii  of  platina  may  be  precipitated  by  sal  but  an  increased  beat  brightens  it  again* 

ammoniac,    llie  solution  being  diluted,  and  b  is  reducible  per  we*     Its  fusion  requires  % 

prussiate  of  potash  added,  a  precipitate  will  much  higher  heat  than  that  of  gold ;  but  if 

be  thrown  down,  at  first  of  a  deep  orange^  touched  while  hot  with  a  small  bit  of  sul- 

and  afterward  changing  green,     lliis  Ijeing  phur,  it  runs  like  zinc.     The  sulphuret  is 

dried,  and  heated  with  a  little  sulphur  be-  whiter  than  the  metal  itself,  and  extremely 

Ibre  the  blowpipe,  fuses  into  a  globule,  ftY>m  brittle. 

whidi  the  sulphur  may  be  expelled  by  ex-  Nitric  acid  soon  acquires  a  fine  red  colour 

posing  it  to  the  extremity  of  the  flame,  and  fVom  palladium,  but  the  quantity  it  dissolves 

the  palladium  will  remain  spongy  and  mal-  is  small.      Nitrous  add   acts  on  it  mora 

leable.  quickly  and  powerfully.     Sulphuric  acid,  by 

It  may  likewise  be  obtained  by  dissolving  boiling,  acquires  a  similar  colour,  dissolving 

an  ounce  of  nitrate  ^  potash  in  five  of  mu*  a  small  portion.     Muriatic  acid  acts  much 

riatie  acid,  and  in  this  mixture  digesting  the  in  the  same  manner.     Nitro-muriatic  acid 

compound  precipitate  mentioned  abov&    Or  dissolves  it  rapidly,  and  assumes  a  deep  red. 

more  simply,  by  adding  to  a  solution  of  crude  Alkalis  and  earths  throw  down  a  precipi- 

platina  a  solution  of  prussiate  of  mercury,  on  tate  from  its  solutions,  generally  of  a  fine 

which  a  flocculent  precipitate  wiU  gradually  orange  colour ;  but  it  is  partiy  redissolved 

be  formed  of  a  yellowish-white  colour.    This  in  an  excess  of  alkali.     Some  of  the  neutral 

is  prussiate  of  palladium,  from  which  the  add  salts,  particularly  those  of  potash,  form  with 

may  be  expelled  by  heat.  it  triple  compounds,  much  more  soluble  in 

Dr  WoUaston  obtained  malleable  palla-  water  than  those  of  platina,  but  insoluble  in 

dium,  by  combining  with  sulphur  the  resi-  alcohol. 

duum  from  burning  the  prussiate  of  that  Alkalis  act  on  palladium  even  in  the  me^ 

metal,  and  purifying  each  cake  of  the  sul-  talKc  state ;  the  contact  of  air,  however,  prcK 

pburet,  after  bdng  ftised,  by  cupdlation,  in  motes  thdr  action. 

an  open  crucible^  with  borax  and  a  littie  A  neutralised  solution  of  palladium  is  pre- 

nitre.     The  sulphuret  is  then  to  be  roasted,  dpitated  of  a  dark  orange  or  brown  by  recent 

at  a  low  red  heat,  on  a  fiat  brick,  and  press-  muriate  of  tin :  but  if  it  be  in  such  propor- 

ed,  when  reduced  to  a  pasty  consistence,  into  tions  as  to  remain  transparent,  it  is  clianged 

a  square  or  oblong,  and  perfectly  fiat  cake,  to  a  beautiful  emerald-green.      Green  sul- 

It  Is  again  to  be  roasted  very  patiendy,  at  a  phate  of  iron  predpitates  the  palladium  in  a 

low  red  heat,  untO  it  becomes  spongy  on  the  metallic  state.     Sulphuretted  hydrogen  pro> 

surikoe.     During  this  process  sulphur  files  duces  a  dark  brown  predpitate ;  prussiate  of 

off  in  the  state  of  sulphurous  add,  espedally  potash  an  olive  coloured  ;  and  prussiate  of 

at  those  moments  when  the  heat  is  allowed  mercury  a  yellowish. white.    As  tiie  last  doea 

occasionally  to  subside.     The  ingot  is  then  not  predpitate  platina,  it  is  an  excellent  test 

to  be  cooled,  and  when  quite  cold  is  to  be  of  palladium.     This  precipitate  is  from  a 

tapped  with  a  light  hammer,  in  order  to  con-  neutral  solution  in  nitric  add,  and  detonates 

dense  and  beat  down  the  spongy  excrescences  at  about  500^  of  Fafar.  in  a  manner  similar 

on  its  surface.     Hie  alternate  roastings  and  to  gunpowder.    Fluoric,  anenic,  phdsphoric^ 

fa|%»ings  (or  gentie  hammerings)  require  the  oxidic,  tartaric,  dtric,  and  some  other  acids^ 

utmost  patience  and  perseverance  before  the  with  thdr  salts,  precipitate  some  of  the  solu- 

cake  can  be  brought  to  bear  hard  blows ;  tions  of  palladium. 

but  it  may  by  these  means  at  length  be  made  All  the  metals,  except  gold,  silver,  and 

so  fiat  and  square^  as  to  bear  bdng  passed  platina,  precipitate  it  in  the  metallic  state, 

through  the  flatting  mill,  and  so  laminated  PANACEUM    DUPLICATUM,     cm 

to  any  degree  of  thinness.  HOLS  ATI  CUM.     Bisulphate  of  potash. 

Thus  prepared,  it  is  always  brittle  while  PANIFICATION.      Process  of  bread- 
hot,  possibly  from  its  still  contuning  a  small  making.     See  Bread. 
remnant  of  sulphur.  PA  PAW  TREE,    llie  juice  of  this  tree    , 

Palladium  is  of  a  greyish-white  colour,  is  remarkable  for  containing  fibrin, 

scarcely  distinguishable  from  platina,   and  PARANTHINE.      Haiiy's    name  for 

takes  a  good  polish.     It  is  ductile  and  very  ScapoiUe, 

malleable ;  and  bdng  reduced  into  tiiin  slips  PARENCHYMA.      The   green   juicy 

Is  flexible,  but  not  very  elastic.     Its  fVacture  layer  of  barks,  which  lies  immediately  under 

is  fibrous,  and  in  diverging  striae,  showing  the  epidermis  of  trees, 

a  kind  of  crystalline  arrangement     In  hard-  PARGASITE.     Common  actynoKte. 

ness  it  is  superior  to  wrought  iron.     Its  sp.  PARILLINE.      The  salifiable  base  of 

gr.  is  from  10.9  to  1 1.8.    It  is  a  less  perfect  sarsaparilla,  a  new  vegeto-alkali,  said  to  have 

conductor  of  caloric  than  most  metals,  and  been  discovered  by  M.  Galileo  Falotta.    See 

less  expansible,  though  in  this  it  exceeds  pla-  Journ.  de  Pharm.  1824,  p.  543. 

tina.     On  exposure  to  a  strong  heat  its  sur-  PAULITE.     Hypersthene. 
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PASTE.  A  giMt  made  in  imitatioo  of 
tke  genu.  M.  Doiuuilt-Wielaiid  bat  latdy 
given  the  foUowing  directions  for  making 


The  base  of  all  artificial  stones  is  a  com- 
pound of  flilezy  potash,  borax,  red  oxide  of 
Icady  ""^  sometimes  arsenic.  Pure  boracic 
acid,  and  colourless  quarts,  should  be  used. 
Hessian  crucibles  are  better  than  those  of 
porcelain.  Hie  fusion  should  be  continued 
in  a  potter's  furnace  for  24  hours ;  the  more 
tranquil  and  continued  it  is,  the  denser  the 
paste,  and  the  greater  its  beauty. 

Patuu  1.  2.       a        i. 

Rock  crystal,         4056gr.    —3456  3600 
Minium,  6300         —  5328    — 

Potash,  2154      1260  1944  1260 

Borax,  276        360    216    360 

Arsenic,  12  12         6     — 

Ceruse  of  Clicby,      —      8506      —  8508 
Sand,  —      3600      —    — 

Topaz,  No.  1.  No.  2. 

Very  white  paste,  1008    3456 

Glass  of  antimony,  43        -* 

Caasius'  purple,  i         •» 

Peroxide  of  iron  (saffron  of 

Man),  —        36 

JtttJy^— Paste  2880,  oxide  of  manganese 
72.  fifitfro^.— Paste  4608,  green  oxide  of 
copper  42;  oxide  of  chrome  2.  Sapphire* — 
Paste  4606»  oxide  of  cobalt  68,  fused  for  30 
hours.  jlmelhyU^—PttBte  4608,  oxide  of 
manganese  36,  oxide  of  cobalt  24^  purple  of 
Cassiosl.  j&ef^.— Paste  3456,  glass  of  an- 
timony  24^  oxide  of  cobalt  1^.  St^an 
Garnet,  or  ancient  caifounde.— Paste  512, 
glass  cf  antimony  256,  Cassius*  purple  % 
oxide  of  manganese  2. 

In  all  these  mixtures,  the  substances 
should  be  blended  by  sifting,  fused  very  care- 
fullyi  and  cooled  very  slowly,  being  left  on 
the  fire  from  24  to  30  hours. 

M.  Lan^on  gives  the  following  recipes : 
Patte. — Litharge  100,  white  sand  75^ 
potash  10.  BmeraUL — Ptote  0216,  acetate 
of  copper  72,  peroxide  of  iron  1.5^  ^me- 
lAyjt.^  Paste  9216,  oxide  of  manganese  from 
15  to  24,  oxide  of  cobalt  1. 

PEA.  Tlie  puum  tatUmm  contains,  ac- 
cording to  Einhofl^ 

Volatile  matter,  -  540 

Starch,  -  *  1265 

Vegeto-animal  matter,  559 

Albumen,  -  -  66 

Sugar,  .  -  61 

Mucilage,  -  -  249 

Fibrous  starchy  matter,  840 

Salts,  -  -  11 

229 

3840 
PEARL.    A  highly  prixed  spherical  con- 
cretion, which  is  formed  within  certain  shell- 


fish.    It  has  a  bluisb-whfte  coloar,  with 

sideraUe  lustre  and  iridescence.     It 

of  alternating  concentric  layers  of 

and  carbonate  of  lim&     To  this  iameHar 

structure  the  iridescence  is  to  be  ascribed. 

Pearls  are  of  course  very  soluble  in  acids. 

PEARL  ASH.  An  impure  potash,  ob- 
tained by  lixiviation  from  the  ashes  of  planta. 
PEARL  SINTER,  OB  FIORITE.  A 
variety  of  siliceous  sinter.  Colours  white  aoid 
grey;  in  imitative  shapes;  glistening ;  be- 
tween resinous  and  peariy ;  in  thin  concen- 
trie  concretions;  translucent;  scratcfaeagiaaa, 
but  leas  bard  than  quarts;  brittle;  sp.  gr. 
1.917:  it  is  infusiUe  before  the  blowpipe. 
Its  constituents  are^  silica  94,  alumina  2, 
lime  4.— &in<t.  It  has  been  found  on  vol- 
canic tuff  on  the  Vicentine. 

PEARL  SPAR.  See  Bbown  Spar. 
PE  ARLSTONE.  A  sub-spedes  of  in- 
divisible  quarts  of  Jameson  and  Mofaa. 
Colour  generally  grey;  massive,  vesicular, 
and  in  coarse  concretions,  whoae  aurfrioe  is 
shining  and  very  like  pearL  In  the  centre 
of  these  concretions,  spheres  of  obsidian  are 
frequently  met  with ;  lustre  shining ;  trans- 
lucent on  the  edges ;  most  easily  frangible ; 
soft;  sp.  gr.  2.24  to  2.34 :  before  the  blow- 
pipe  it  swells,  and  passes  into  a  frothy  glaas. 
Its  constituents  are,  silica  75.25,  alumina  12, 
oxide  of  iron  1.6,  potash  4.5,  lime  0.5,  water 
4.5.— JT/oprv/A.  It  occurs  in  great  beds  in 
clay  porphyry  near  Tokay  in  Hungary,  and 
near  Sandy  Brae  in  Ireland. 

PEASTONE.    A  variety  of  LoiESioVEt 
whidi  see. 

PECHBLENDE.  An  ore  of  unninm. 
PELIOM.  A  blue  coloured  mineral, 
massive  or  crystallized  in  siz-^ded  prisms ; 
fracture  imperfect  conchoidal ;  cleavage  four- 
fold; lustre  vitreous;  translucent;  hard  as 
quarts,  but  brittle ;  sp.  gr.  2.54  to  2.6 :  be- 
comes electric  by  beating  ;  fuses  with  iotu- 
meaoence  before  the  bk>W{Hpe  into  a  trsnsp^ 
rent  bead.  Its  constituento  are^  silica  49^ 
alumina  33,  magnesia  11.5,  oxide  of  iron 
4.33,  manganese  a  trace,  water  1.2.— -Are- 
meyer.  It  occurs  at  Bodenmais  in  Bavariiu 
louTE  seems  to  be  the  same  mineral,  or  a 
variety  of  it. 

PEPPER.  According  to  M.  Pdleticr, 
this  substance  consists  of,  1.  piperine ;  2.  a 
very  acrid  concrete  oil ;  3L  a  volatile  balsamic 
oil ;  4.  a  gummy  coloured  matter ;  5.  an 
extractive  principle;  6.  malic  and  tartaiic 
acids ;  7.  starch  ;  8.  bassorine ;  9.  lignine ; 
10.  earthy  and  alkaline  salts.  -  He  affirms 
that  there  is  no  vegeto-alkaline  pepper.     See 

PlPERtNE. 

PERCHLORIC  ACID.  See  Acid 
(Muriatic). 

PERICARDIUM  (Liquor  op  the). 
The  constituents  of  the  liquor  pericardii  ap- 
pear to 
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PEWTER. 


Water, 
Albumen, 

98.0 
5.5 

Mucus, 
Muriate  of  soda. 

2.0* 
0.5 1 

"    The  proportion 
1  of  these  substan- 
1  ces  is  somewhat 
.  conjectural. 

100.0 

PERIDOT.     Chrysolite. 

PERLATE  SALT  ano  ACID.  See 
Acid  (Phosphoric). 

PERLATED  ACID,  OE  OURETIC. 
Bii^iospfaate  of  soda. 

PERU  (Balsam  of).  This  substance  is 
obtained  from  the  myrozylon  peruiferura, 
which  grows  in  the  warm  parts  of  South 
America.  Tlie  tree  is  full  of  resin,  and  the 
balsam  is  obtained  by  boiling  the  twigs  in 
water.  It  has  the  consistency  of  honey,  a 
brown  colour,  an  agreeable  smell,  and  a  hot 
acrid  tttte. 

PERUVIAN  BARK.     See  CmcHONA. 

PETALITE.  A  mineral  discorered  in 
the  mine  of  Uto  in  Sweden  by  M.  D'An- 
drada,  interesting  from  its  analysis,  by  M. 
Arfwedson,  baring  led  to  the  knowledge  ai  a 
new  alkali.  EitemaUy  it  resembles  white 
quartz,  but  it  has  a  twolfold  cleavage,  paral- 
lel to  the  sides  of  a  rhomboidal  prism  ;  two 
of  which  parallel  to  each  other  are  splendent, 
and  the  other  two  are  dull ;  sp.  gr.  2.45i 
On  minute  inspection,  a  pinkish  hue  may  be 
discerned  in  the  white  colour.  It  scratches 
glass,  but  may  be  rased  by  a  knife.  It  is 
scarcely  fiisible  by  the  blowpipe,  acquiring 
merely  a  glased  surface,  full  of  minute 
bubbles*  When  reduced  to  a  fine  powder, 
it  appears  as  white  as  snow.  Placed  in  nitric 
add,  sp.  gr.  1.45,  it  loses  its  white  colour, 
and  changes  to  a  dingy  hue ;  the  acid  at  the 
same  time  becomes  clouded.  The  same  acid, 
somewhat  dilute^  dissolves  it  without  effer- 
vescence at  a  boiling  heat.  Its  constituents, 
by  M.  Arfwedson,  are,  silex  79.212,  alumina 
17.225,  lithia  5^761.  There  is  here  an  ex. 
cess  of  2. 198  above  the  hundred  parts,  which 
M.  Arfwedson  says  he  does  not  know  how  to 
account  for.  M.  Vauquelin  found  7  per  cent 
of  lithia  in  some  pure  specimens  of  petalite 
which  M.  Berzelius  sent  him.  Dr  Gmelin, 
as  well  as  M.  Arfwedson,  state  the  sp.  gr.  at 
2.4f2.  Borax  dissolves  it  with  facility.  The 
bead  is  transparent  and  colourless.  Nitre^ 
fused  with  pure  petalite,  does  not  betray  the 
presence  of  any  manganese ;  whence  we  may 
infer  that  it  contains  none  of  this  metal.  By 
Dr  Gmelin*s  analysis,  petalite  is  composed 
of  silica  74.17,  alumina  17.41,  Uthia  5.16, 
lime  0.32,  moisture  2. 17,  and  loss  0.77.  He 
could  detect  no  manganese  in  pure  speci- 
mens. Those,  however,  of  a  pale  rose-red 
colour  contain  it 

PETRIFACTIONS.  Stony  matters  de- 
posited either  in  the  way  of  incrustation,  or 
within  the  cavities  of  organized  substances, 


are  called  petrifactiotis.  Calcareous  earth  be* 
ing  universaUy  diffused,  and  capable  of  solu- 
tion in  water,  either  alone,  or  by  the  medium 
of  carbonic  add  or  sulphuric  add,  which  are 
likewise  very  abundant,  is  deposited  when- 
ever the  water  or  the  add  becomes  dissipated. 
In  this  way  we  have  incrustations  of  lime- 
stone or  of  selenite  in  the  form  of  stalactites 
or  drop-stones  from  the  rooft  of  caverns,  and 
in  various  other  situations. 

Ihe  most  remarkable  observations  relative 
to  petrifactions  are  thus  given  by  Kirwan  :«- 

1.  That  those  of  shells  are  found  on,  or 
near,  the  surface  of  the  earth  ;  those  of  fish 
deeper ;  and  those  of  wood  deepest.  Shells 
in  spede  are  found  in  immense  quantities  at 
considerable  depths. 

2.  That  those  organic  substances  that  re^ 
sist  putrefaction  most  are  frequently  found 
petrified;  such  as  shells  and  the  harder 
q>ecies  of  woods :  on  the  contrary,  those 
that  are  aptest  to  putrefy  are  rarely  found 
petrified;  as  fish,  and  the  softer  parts  of 
animals,  &c. 

3.  That  they  are  most  commonly  found 
in  strata  of  marl,  chalk,  limestone,  or  clay ; 
seldom  in  sandstone^  still  more  rarely  in 
gypsum;  but  never  in  gudss,  granite,  ba- 
saltes,  or  shorle ;  but  they  sometimes  occur 
among  pyrites,  and  ores  of  iron,  copper,  and 
silver,  and  almost  always  consist  of  that 
species  of  earth,  ston^  or  other  mineral  that 
surrounds  them,  sometimes  of  silex,  agate,  or 
camelian. 

4.  Hiat  they  are  found  in  climates  where 
thdr  originals  could  not  have  existed. 

5.  That  those  found  in  slate  or  clay  are 
compressed  and  flattened. 

PETROLEUM.     See  Naphtha. 

PETROSILEX.     Compact  felspar. 

PETUNTSE.     Porcehun  day. 

PEWTER,  which  is  commonly  called 
Stain  in  France,  and  generally  confounded 
there  with  true  tin,  is  a  compound  metal,  the 
basis  of  which  is  tin.  The  best  sort  consists 
of  tin  alloyed  with  about  a  twentieth  or  less 
of  copper  or  other  metallic  bodies,  as  the  ex- 
perience of  the  workmen  has  shown  to  be  tlie 
most  conducive  to  the  improvement  of  its 
hardness  and  colour,  such  as  lead,  zinc,  bis- 
muth, and  antimony.  There  are  three  sorts 
of  pewter,  distinguished  by  the  names  of 
plate,  trifle,  and  ley-pewter,  llie  first  was 
formerly  much  useid  for  plates  and  dishes ; 
of  the  second  are  made  the  pints,  quarts, 
and  other  measures  of  beer ;  and  of  the  ley- 
pewter,  wine  measures  and  large  vessels. 

The  best  sort  of  pewter  consists  of  17  parts 
of  antimony  to  100  parts  of  tin;  but  the 
French  add  a  little  copper  to  this  kind  of 
pewter.  A  very  fine  silver-looking  metal  is 
composed  of  100  pounds  of  tin,  eight  of  anti- 
mony, one  o(  bismuth,  and  four  of  copper. 
On  the  contrary,  the  ley-pewter,  by  compar- 
ing its  spcdfic   grarity  with  those  of  the 
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mixforei  of  tin  and  lead,  must  oODUdn  more  diarcoal,  and  the  nutnre  distilled  at 

than  a  fifth  part  of  its  weight  of  lead.  derate  red  heat  in  a  eoaled  earthen 

PHARM ACOLITE.     Arenic  bloom:  whose  beak  b  partially  uomcrsed  in  a 

Native  arseniate  oi  lime.     See  Otxs.  of  water,  drops  of  a  waxy-looking  sol 

PHILLIPSITE.  A  newmhieralaceom-  wiU  pass  over,  and,  fidlmg  into  tiie  wisliar, 

panying  Herschelite.     Form  of  the  crystsb  will  conciete  into  tiie  solid  called  phospiio^ 

the  same  as  Hamtototne;  but  FhilUpsite  con-  nis.*    It  most  be  purified,  by  strainiqg  it 

tafais  silica,  alumina,  potash,  and  lime,  with-  through  a  piece  of  chamois  leather,  under 

out  any  trace  of  baryta,  as  is  manifest  by  warm  water:  it  is  yellow  and  seaoi-tnnspa- 

putting  a  drop  of  sulphuric  add  into  tiieir  rent ;  it  is  as  soft  as  waa^  but  fiilly  mon 

solutions  in  the  nitric  or  muiiatic.—- .^fnaob  oohesiTe  and  ductile ;  its  ap.  gr.  is  1.77 :  h 

rfPhiL  X.  382.  melts  at  90^  Fahr.  and  boils  at  550^. 

PHLOGISTON.    The  supposed  genersl         The  property  which  water  and  aolstian  of 

inilammable  prindple  of  StshL     See  OOM-  glanber  salt  possess,  of  rataimng  their  laid 

BumoN.  condition,  when  in  trampiiHity,  at  a  tempew- 

PHLOGISTI GATED  GAS.  Nitrogen,  tnre  below  their  concreting  or  cryslalKsing^ 

or  asole.  points,  is  well  known.  Phosphorus  uwtwia. 

PHLOGISTIC ATED      ALKALI.—  itself  in  the  same  manner;  semetines  iln 

Prassiate  of  potash.  fluidity  may  be  preserved  lor  an  hooiv  or 

PHOSGENE  GA&      Chkrocaibonoos  even  many  days.     If  the  smallest  solid  asoiu 

add.  sel  of  phosphorus  be  put  in  contact  with  n 

PHOSPHATE  OF  TTTRIA.     A  mi-  liquefied  portion,  the  latter  inftOiblysolidifica* 

neral  found  by  M.  Tank  in  the  neighbour-  as  happens  to  the  glauber  salt  solution.    Sao 

hood  of  Lindenas  in  Norway,     Its  colour  Crystallization. 

is  yellowish-brown ;  sp.  gr.  4.5577 :  it  is         In  the  atmosphere,  at  common  tempem- 

scratched  by  steel ;  fracture  foliated  in  save-  tures,  it  emits  a  white  smoke^  which,  in  the 

ral  directions ;  externally  dull ;  foliated  frse-  dark,  appears  luminous.     This  smoke  is  aci- 

tnra ;  resinous  lustre ;  transverse,  greasy ;  in  dulous,  and  results  from  the  slow  oxygswa 

minute  fVagments ;  semitransparent  and  yd-  tion  of  the  phosphorus.    In  air  perfectly  dry, 

lowish.     At  the  blowpipe^  it  resembles  phos-  however,  phosphorus  does notsmoke^  becauae 

phate  of  lime.     With  borax,  it  affords  a  the  add  whidi  is  formed  is  solid,  aDd,dosciy 

colourless  bead,   which  becomes  milky  by  incasing  the  combustible,  screens  it  fipom  the 

cooling.    The  adds,  even  when  concentrated,  atmospherical  oxygen, 
do  not  dissolve  it.     Ito  constituents  are,  by         When  phosphorus  is  healed  in  the  air  to 

the  analysis  of  Berselius,  about  146^,  it  takes  fire^  and  buns  with  a 

Tttria,  ...  62.56  splendid  white  light,  and  a  copious  deme 

Pbosfrfioric  add  with  a  litUe  fluoric,     33.49  smoke.    If  the  combustion  take  place  withm 

Subpbosphate  of  iron,  -  3.93  *  large  gfansrecdver,  the  smoke  becomes  con- 

densed  into  snowy-looking  particles,  which 


100.00  fall  in  a  successive  shower,  coating  the  bo(- 

PHOSPHORESCENOE.     See  Light,  tom  plate  widi  a  spongy  white  efflomocnee 

PHOSPHORITE.      A  sub-spedes  of  of  phosphoric  add.     Tins  add  snow  aoost 

apatite.  liquefies  by  the  absorption  of  aqueous  vapour 

1.  Common  phosphwUe,  Colour  ydlow-  from  the  air. 
isb-white;  massive,  and  in  curved  lamellar  When  phosphorus  is  inflamed  in  oxygeoy 
concretions ;  surface  drusy ;  dull ;  fracture  ihe  light  and  heat  are  incomparaUy  more  in- 
uneven  ;  opaque ;  sof^  and  rather  britde :  tense ;  the  former  dassling  the  eye,  and  tbo 
it  melts  with  difficulty  into  a  whit»>coloured  latter  cracking  the  glass  vessd.  Solid  pboa- 
glass ;  when  nibbed  in  an  iron  mortar,  or  phoric  add  results,  consisting  of  4  pho^iho- 
thrown  on  red-hot  coals,  it  emits  a  green-  nis  -f-  5.0  oxygen,  or  1  atom  of  phosphorus 
coloured  phosphoric  light.     Its  constituents  ^  5  of  oxygen. 


are,  lime  59,  phosphoric  add  34,  silica  2,         When  phosphorus  is  heated  in  highly 

fluoric  add  1,  oxide  of  iron  X.^-^PeUetier,  It  fied  air,  three  products  are  formed  from  it : 

occurs  in  crusts  in  Estremadura  in  Spain.  one  is  phosphoric  add,  one  is  a  volatile  white 

8.    Earthy  phospkimte.     Colour  greyish-  powder,  and  the  third  is  a  red  solid  of  com* 

white !  it  consists  of  dull  dusty  particles ;  it  |Miretive  fixity,  requiring  a  heat  above  that  of 

phosphoresces  on  glowing  coals.     Its  consti-  boiling  water  for  its  fusion.     The  volatile 
tuents  are,  lime  47,  phosphoric  acid  32.25, 
fluoric  add  2.25,  silica  0.5,  oxide  of  iron 
0.75,  water  1,  mixture  of  quarts  and  loam        f  M.  Jsval  findi.  that  the  MpenbcMphate  of  Ihne, 

11.5.— JTtopro/A.     It  occurs  in  a  vdn  at  tSl^^Sf^'lti^^'zJ^f^^^^S^ 

-m* i!  •     TT  a       A  ^"*  '''*>  P*rt»  ^  •ulphuric  acid,  U  better  atfamted  to 

Marmarosch  m  Hungary.     See  Apatite.  yiefci  phoqihonu  by  ignition  with  charcoal  in  a  retort 

PHOSPHORU&    If  phosphoric  add  be  ^Imb  pure  phoqdwric  add.    The  latter  auUlmsB  In  a 

mixed  with  1.5th  of  its  weight  of  powdered  i^JSTJ^r^SaoT^^        *  Oi-  rt  * 


PHOSFHORU& 


679 


PHOSPHORUS. 


substance  is  soluble  io  water,  impartiiig  acid 
properties  toit.  It  seems  to  be  phosphorous 
add.  The  red  substance  is  probably  an  oxide 
of  phosphorus,  since,  for  its  conversion  into 
phosphoric  add,  it  requires  less  oxygen  than 
phosphorus  does.  See  AcoM  (PuosPHOBiCy 
Phosphohous,  and  Hyfofhosphobous). 
Phosphorous  acid  is  composed  of  1  atom 

phosphorus  -^  3  oxygen  ss  4  -^  ^  =  '7- 

Fhosphorus  and  chlorine  combine  with 
great  fkcility,  when  brought  in  contact  with 
•each  other  at  common  temperatures.  When 
chlorine  is  introduced  into  a  retort  exhausted 
of  air,  and  containing  phosphorus,  the  plios- 
-phorus  takes  ilre^  nod  burns  with  a  pale 
'flame^  throwing  off  sparks ;  while  a  white 
•substance  rises  and  condenses  on  the  sides  of 
-the  TesseL 

If  the  chlorine  be  in  considerable  quantity, 
as  much  as  12  cubic  inches  to  a  grain  of 
pho^orus,  the  latter  will  entirely  disappear, 
and  nothing  but  the  white  powder  vritl  be 
fonned,  into  which  about  9  cubic  inches  of 
the  chk)rine  will  be  condensed.  No  new 
gaseous  matter  is  produced. 

The  powder  is  a  compound  of  phosphorus 
and  chlorine,  first  descrit>ed  as  a  pecutiar  body 
1>y  Sir  H.  I)avy  in  1810;  and  Tarious  ana- 
lytical and  sjrnthetical  experiments  which  he 
made  with  it  prove,  that  it  consists  of  about 
1  phosphorus,  and  6.8  chlorine  in  weight. 
The  equivalent  ratio  of  1  prime  of  the  first 
'•^  6  of  the  second  constituent,  gives  4  to 
-27,  or  1  to  6.75.  It  is  the  bichloride  of 
phosphorus. 

■  This  case  shows  the  necessity  in  chemistry 
of  abiding  by  experiment;  for  Sir  H.  Davy's 
result,  which  had  been  called  in  question,  is 
now  seen  to  accord  perfectly  with  the  correct 
prime  equivalent. 

Its  properties  are  very  peculiar.  It  is 
snow-white,  extremely  volatile,  rising  in  a 
gaseous  form  at  a  temperaturo  much  below 
that  of  boiling  water.  Under  pneumatic 
pressure  it  may  be  fused,  and  then  it  crystal- 
Uses  in  transparent  prisma. 

It  acts  violently  on  water,  decomposing  it, 
whence  result  phosphoric  and  muriatic  acids ; 
the  former  from  the  combination  of  the  phos- 
phorus  with  the  oxygen,,  and  the  latter  from 
that  of  the  chlorine  with  the  hydrogen  of  the 
water.  It  produces  flame  when  exposed  to 
a  lighted  taper.  If  it  be  transmitted  through 
an  ignited  glass  tube,  along  with  oxygen,  it 
is  decomposed,  and  phosphoric  acid  and  cfalo- 
^rine  are  obtained.  The  superior  fixity  of  the 
acid  above  the  chloride  seems  to  give  that 
ascendency  of  attraction  to  the  oxygen  here^ 
which  the  chlorine  possesses  in  most  other 
cases.  Dry  litmus  paper  exposed  to  its  vapour 
in  a  vessel  exhausted  of  ur,  is  reddened. 
When  introduced  into  a  vessel  containing 
ammonia,  a  combination  takes  place,  accom- 
panied with  much  heat,  and  there  results  a 
compound,  insoluble  in  water,  undecompos- 


aUe  by  acid  or  alkaline  sidutions,  and  pQ4ses»- 
ing  characters  analogous  to  eartin. 

The  protochloride  of  phosphorus  was  first 
obtained  in  a  pure  state,  by  Sir  H.  Davy,  in 
the  year  1809.  If  phosphorus  be  sublimed, 
through  corrosive  sublimate,  in  powder  in  a 
glass  tube,  a  Umpid  fluid  comes  over  as  clear 
as  water,  and  baring  a  specific  grarity  of 
1.45.  It  emits  acid  fumes  when  exposed  to 
the  air,  by  decomposing  the  aqueous  vapour. 
If  paper  imbued  with  it  be  exposed  to  the 
air,  it  becomes  acid  without  inflammation. 
It  does  not  redden  dry  litmus  paper  plunged 
into  it.  Its  vapour  burns  in  the  flame  of  a 
candle.  When  mixed  with  water,  and  heated, 
muriatic  acid  flies  ofl^  and  phosphorous  acid 
remains.  See  Acid  (Phosphoboub).  If  it 
be  introduced  into  a  vessel  containing  chlo- 
rine, it  is  converted  into  the  bichloride ;  and 
if  made  to  act  upon  ammonia,  phosphorus  is 
produced,  and  the  same  earthy-like  compound 
results  as  that  formed  by  the  bichloride  and 
ammonia. 

When  phosphorus  is  gently  heated  in  tlie 
protochloride,  a  part  of  it  dissolves,  and  the 
fluid,  on  exposure  to  air,  gives  off  aad  fumes, 
from  its  action  on  atmospheric  moisture^  while 
a  thin  film  of  phosphorus  is  lefk  behind,  whidh 
usually  inflames  by  the  heat  generated  from 
the  decomposition  of  the  vapour.  The  first 
compound  of  this  kind  was  (4>tained  by  MM. 
Gay  Lussac  and  Thenard,  by  distilling  phos- 
phorus and  calomel  together,  in  1808;  and 
they  imagined  it  to  be  a  peculiar  combination 
of  phosphorus,  oxygen,  and  muriatic  add. 
No  experiments  have  yet  ascertained  the 
quantity  of  phosphorus  which  the  protochlo- 
ride will  dissolve.  Probably,  says  Sir  H. 
Davy,  a  definite  combination  may  be  obtain- 
ed, in  which  the  proportion  of  chlorine  will 
correspond  to  the  proportion  of  oxygen  in 
the  oxide  of  phosphorus. 

The  compounds  of  iodine  and  phosphorus 
have  been  examined  by  Sir  H.  Davy  and  M. 
Gay  Lussac. 

Phosphorus  unites  to  iodine  with  the  dis- 
engagement of  heat,  but  no  h'ght.  One  part 
of  phosphorus  and  dght  of  iodine  form  a 
compound  of  a  red  orange-brown  colour, 
fusible  at  about  2129,  and  volatile  at  a  higher 
temperature.  When  brought  in  contact  with 
water,  pbosphuretted  hydrogen  gas  is  disen- 
gaged, flocks  of  phosphorus  are  predpitated, 
and  the  water,  which  is  colourless,  contains  in 
solution  phosphorous  and  hydriodic  acids. 

One  part  of  phosphorus  and  16  of  iodine 
produce  a  crystalline  matter  of  a  greyish- 
black  colour,  fusible  at  S^^'.  Hie  hydriodic 
add  produced  by  bringing  it  in  contact  with 
water  is  colourless,  and  no  pbosphuretted 
hydrogen  gas  is  disengaged. 

One  part  of  phosphorus  and  24  of  iodine 
produce  a  black  substance  partially  fusible  at 
1 15^.  Water  dissolves  it,  producing  a  strong 
heat ;  and  the  solution  has  a  very  deep  brown 
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colour,  which  is  not  removed  by  keeping  it  Jlatnmabki  the  trihydric  of  Bendiiu.     lUs 

for  some  ^xoa  in  a  gentle  heat  With  1  pboe-  curious  compound  was  discovered  by  Ga- 

phorus  and  4  iodine,  two  compounds,  very  gembre  in  1783,  and  it  is  the  best  known. 

different  from  each  other,  are  obtained.  One  Hiis  gas  may  be  prepared  in  several  uMidck 

of  them  has  the  same  colour  as  that  formed  H.  Rose  recommends  to  mix  in  a  retort 

of  1  phosphorus  -f-  8  iodine,  and  seems  to  slaked  lime»  with  a  laige  quantity  of  pboa* 

be  the  same  with  it.    It  melts  at  217.5^,  and,  phorus  cut  into  small  pieces^  and  to  beat  the 

when  dissolved  in  water,  yields  colourless  retort  at  first  in  boiling  water,  and  then  over 

bydriodic  acid,  phosphuretted  hydrogen,  and  a  small  lamp.   The  gas  ought  to  be  coUertedy 

phosphorus ;  which  last  precipitates  in  orange-  either  over  mercury,  or  over  water  previonalj 

yellow  flocks.  The  other  compound  is  a  red-  purged  of  atmospherical  air  by  long  boiling 

dish-brown,  does  not  melt  at  212^,  nor  at  a  and  saturated  with  sea-salt  to  render  it  Icaa 

considerably  higher  temperature.    Water  has  absoibent  of  the  gas.     This  is  disfngagcd 

no  sensible  action  on  it.     Potash  dissolves  it  very  pure  at  the  commencement  of  the  op^ 

with  the  disengagement  of  phosphuretted  ration ;  but  as  the  phosphorus  begins  to  di> 

hydrogen  gas ;  and  when  aqueous  chlorine  is  mimsh  in  reference  to  the  lime,  and  as  the 

poured  into  the  solution,  it  shows  only  traces  temperature  rises,  free  hydrogen  is  also  pn^ 

of  iodine.     When  heated  in  the  open  air,  it  duced,  which  increases  considerably  in  quaa- 

takes  fire  and  bums  like  phosphorus,  emit-  tity  towards  the  end  of  the  process.     Tlie 

ting  white  vapours,  without  any  iodine.  When  production  of  the  phosphuretted  gas  depends 

these  vapo^rB  were  condensed  in  a  glass  jar  on  one  portion  of  the  phosphorus  being  ozi- 

by  M.  Gay  Lussac,  he  could  perceive  no  duted  at  the  expense  of  the  water  contained 

iodine  among  them.     This  red  substance  is  in  the  hydrate  of  lime,  and  forming  an  add 

always  obtained,  when  the  phosphorus  is  in  which  combines  with  the  base ;   while  tfae 

the  proportion  (^  1  to  4  of  iodine.     M.  Gay  hydrogen  of  the  water,  coming  in  the  nswwit 

Lussac  is  inclined  to  consider  it  as  identical  state  in  contact  with  the  fused  phosphorus, 

with  the  red  matter  which  phosphorus  so  of-  combines  to  form  the  phosphuretted  gv. 

ten  furnishes,  and  which  is  at  present  consi-  This  is  the  reason  that  the  pho^horua  moat 

dered  as  an  oxide.     In  whatever  proportions  be  used  in  great  excess, 

the  iodide  of  phosphorus  has  been  made,  it  Gingembre  prepared  the  gas  by  boiUng  in 

exhales,  as  soon  as  it  is  moistened,  acid  va-  a  retort  a  strong  solution  of  caustic  potash 

pours,  owing  to  the  hydriodic  acid  formed  with  phosphorus.    One  part  of  the  phosphor, 

by  the  decomposition  of  the  water.  rus  gets  oxygenated,  at  the  expense  of  the 

Such  is  the  account  of  the  iodides  of  phos-  water,  into  hypophosphorous  add*  whidi  i^ 

phorus  given  by  M.  Gay  Lussac.     The  com-  turates  the  potash ;  while  the  disengsged  hy- 

bining  ratios  are  somewhat  uncertain.  drogen,  bdng  in  contact  with  melted  phos- 

Perj)hoiphuretUd  hydrogen.     Phosphorus  phorus,  takes  it  up.     The  gas  produced  in 

does  not  combine  directly  vrith  hydrogen,  this  way  contains,  according  to  Dunusy  froqi 

It  evaporates  in  this  gas,  and  augments  ito  50  to  63  hundredths  of  its  volume  of  free 

bulk  a  little,  rendering  it  capable  of  being  hydrogen. 

luminous  when  mixed  with  atmospheric  air  Dr  Thomson  obtains  it  by  pouring  dilute 

in  the  dark.  muriatic  add  on  phosphuret  of  lime,  ooa- 

When  hydrogen  and  phosphorus  meet  in  tained  in  a  tubulated  retort.     The  cslrium 

the  nascent  state,  they  combine  in  several  combines  with  the  chlorine,  and  the  hydrogco 

proportions,  two  of  which  only  have  been  of  the  add  with  the  pbospborus.     The  gas 

liitherto  well  determined,  and  tliey  are  both  thus  procured  is  not,  however,  pure  pho^ 

gaseous.    None  of  the  phospliurets  of  hydro-  phuretted  hydrogen,  as  Dr  Thomson  believed, 

gen  possess  acid  properties  like  sulphuretted  '  but  contains,  according  to  Dumas,  about  13 

hydrogen ;  on  the  contrsry,  there  are  drcum-  parts  in  the  hundred  of  free  hydrogen, 

stances  in  which  some  of  them  appear  to  play  Phosphuretted  hydrogeA,  as  this  species 

the  part  of  bases.  It  is  difilicult  to  distinguish  may  be  called,  is  colourless.     Ite  spedfic 

by  peculiar  names  the  different  combinations  gravity,  calculated  from  ite  composition,  is 

of  phosphorus  with  hydrogen,  because,  in  1.1837;  the  number  LIO^  formerly  stated^ 

opposition  to  what  usually  happens,  it  is  here  bdng  too  small,  in  consequence  of  the  inter- 

the  least  electro-negative  element,  the  hydro-  mixture  of  free  hydrogen.  When  put  in  oon- 

gen,  which  is  multiplied  In  its  proportions,  tact  with  atmospherical  air,  this  gas  takes  fire 

Berxeiius  calls  them  monohydric,  bihydric,  spontaneously,  and  bums  with  the  usual  flame 

trihydric,  and  pentahydric,  in  accordance  with  of  phosphorus.    A  bubble^  as  it  burste  at  the 

the  different  multiple  of  hydrogen  which  he  surface  of  water  or  mercury,  kindles  with  a 

supposes  to  exist  in  each.    We  must  reroem-  small  explosion,  and  raises  in  the  air  a  sone 

her,  that  his  atomic  weight  of  hydrogen  is  or  coronet  of  smok^,  which  dilates  as  it  as- 

one-sixteentfa  of  oxygen,  or,   in  our  scale,  cends  in  a  very  pleasing  nuuiner.     The  gas 

0.125 Q  ^oK  spontaneously  inflames  in  the  air,  though  ita 

2          u.uoxo.  temperature  be  so  low  as  5°  F.,  even  when 

I,  PhiftphurelUd hydrogen,  ^wntaneoudy  in-  mixed  with  free  hydrogen.     When  bubbles 
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of  thu  gas  are  tufiered  to  riae  into  oxygen, 
tliey  explode  with  a  briUiant  flaah  of  wiiite 
H^ty  and  a  conaiderable  tibncuMon. 

When  a  bubble  of  the  gas  exhales  into  the 
air  without  burning,  it  dUffuses  a  peculiarly 
frtid  odour,  resembling  somewhat  that  of 
putrid  fish.  Water  absorbs  about  l-40tb  its 
volume  of  this  gas,  acquiring  the  same  odour, 
and  a  disagreeable  taste,  but  affording  no 
light  in  the  dark. 

When  sulphur  is  heated  in  this  gas,  sul- 
phuretted hydrogen  is  formed,  and  phospho- 
rus is  precipitated.  Potassium  heated  in  it 
bums,  produces  phosphuret  of  potassium,  and 
leaves  a  residuum  of  hydrogen.  When  ex- 
posed to  the  direct  light  of  the  sun,  this  phos- 
phuretted  gas  is  decomposed ;  a  portion  of 
the  phosphorus,  separates  from  it  under  the 
fimn  of  red  phosphorus,  and  is  deposited  on 
the  inside  of  the  glass.  If  the  glass  vessel 
be  partially  covered,  no  phosphorus  will  be 
deposited  in  the  dark  places. 
•  2.  Subpho»i»kuretted  hydrogen  is  the  gas 
which  remains  after  the  sunb«an  has  exerted 
all  its  influence  on  the  preceding  gas.  With 
some  of  its  phosphorus,  it  has  also  lost  the 
property  of  spontaneously  taking  fire.  It  has 
the  odour,  solubility  in  water,  and  faculty  of 
precipitating  metals,  possessed  by  the  other 
gas.  When  kindled  in  contact  with  air,  it 
bums  with  a  brilliant  flame,  and  diffuses  a 
phosphoric  acid  vapour.  Its  properties  in 
other  respects  are  little  known. 

£adi  of  the  phosphurets  above  described 
contains  one  and  a  half  times  its  volume  of 
pure  hydrogen  gas ;  consequently,  when  its 
phosphorus  is  abstracted  by  potassium,  the 
volume  of  the  gas  expands  from  100  to  150. 
Commonly,  indeed,  the  dilatation  is  less,  from 
the  presence  of  some  free  hydrogen,  whose 
volume  is  not  susceptible  of  enlargement. 

When  the  phosphuretted  gas  gets  decom^ 
posed  by  the  light,  ite  volume  remains  un- 
changed, which  proves  that  the  two  gases 
contain  an  equal  volume  of  hydrogen,  con- 
densed in  both  the  one  and  the  other  into 
two-thirds  of  its  ordinary  bulk.  According 
to  the  experiments  of  H.  Rose,  adopted  by 
Benelius,  the  spontaneously  inflammable  gas 
contains,  in  100  parts,  8.68  of  hydrogen,  and 
91.32  of  phosphorus.  Hiese  numbers  ap- 
proach very  nearly  to  the  ratio  of  3  equiva- 
lent primes  of  hydrogen  ^  0.375  to  one  of 
phosphorus  as  4;  for  0.375  :  4  :  :  8.57: 
91.ia 

The  ratio  of  the  phosphorus  to  the  hydro- 
gen, in  the  subphosphuretted  gas,  has  not 
been  precisely  determined. 

3b  PtrphosphmreUed  hydrogen  ;  the  bibyd- 
ric  phosphuret  of  Berselius.  This  gas  was 
discovered  by  Sir  II.  Davy  in  1812:  he  ob- 
tained it  by  heating  in  a  retort  a  very  con- 
centrated solution  of  phosphorous  or  hypo- 
phosphorous  acid.  When  the  latter  is  em- 
ployed, a  considerable  quantity  of  phosphorus 


separates  at  the  same  time,  llusgasdoes 
not  spontaneously  inflame  in  the  atmosphere 
at  the  ordinary  pressure;  and  hence  Davy 
inferred,  that  it  contained  less  phosphorus 
than  the  spontaneously  inflammable  gas.  It 
has  therefore  been  often  confounded  with  the 
gas  formed  by  the  action  of  light  in  the  tri- 
hydric  phosphuret.  Henry  Rose  has  how- 
ever proved  that  it  is,  on  the  contrary,  richer 
in  phosphorus;  and  Houton  LabUlardite 
has  discovered,  that  it  is  spontaneously  in- 
flammable in  atmospheric  air  or  oxygen,  when 
exposed  to  a  pressure  less  than  the  barome- 
tric Thus,  let  the  gas  be  mixed  with  air  or 
oxygen  in  a  test  tube  over  mercury ;  let  the 
tube  be  enclosed  in  a  wire  cage,  to  confine 
the  splinters  of  glass  in  case  it  should  burst; 
lift  up  the  tube,  so  that  the  mercury  shall 
stand  about  seven  inches  higher  in  the  tube 
than  in  the  trough ;  then,  if  the  temperature 
be  so  high  as  68°  F.,  a  sudden  detonation 
will  ensue.  When  the  temperature  is  lower, 
the  difference  of  the  mercurial  levels  must  be 
made  greater  to  produce  the  explosion.  Tliis 
result  depends  on  the  property,  long  known, 
which  phosphorus  possesses,  a£  burning  most 
readily  in  rarefied  air. 

Tliis  gas  is  soluble  in  eight  times  its  bulk 
of  water,  according  to  Davy.  Sulphur,  in- 
deed, by  heat,  canverts  it  into  sulphuretted 
hydrogen  of  double  volume.  Potassium, 
when  heated  in  it,  bums,  and  leaves  twice 
the  volume  of  the  gas  in  pure  hydrogen. 
Ihis  gas  also  precipitates  metallic  solutions. 
Rose  examined  the  gas  evolved  from  a  ccmi- 
centrated  solution  of  hypophospborous  add. 
He  found  somewhat  variable  proportions  of 
pliosphorus  in  it,  according  to  the  tempera- 
ture employed  for  the  production  of  the  gas ; 
but  in  all  cases  mora  phosphorus  than  in  the 
trihydric  gas.  According  to  the  mean  of  his 
results,  the  gas  seems  to  consist  of  three  vo- 
lumes of  hydrogen,  and  two  volumes  of  gssi- 
form  phosphorus ;  that  is  to  say,  it  contains^ 
for  the  same  quantity  of  hydrogen,  twice  ag 
much  phosphorus  as  the  spontaneously  in- 
flammable gas. 

4.  PenlfUtydric  photphuret  iff  Benuliuu 
Rose  found,  that  with  a  crystallized  phos- 
phite of  lead  or  tin,  a  peculiar  phosphuretted 
hydrogen  is  produced,  much  poorer  in  phos- 
phorus than  the  preceding  species.  Rose 
infers,  theoretically,  that  it  consists  of  five 
volumes  of  hydrogen  gas,  and  one  of  phos- 
phorus vapour.  It  has  the  smell  of  putrid 
fish,  and  is  very  little  soluble  in  water. 

According  to  the  experiments  of  Van  Grot- 
thus,  a  phosphuret  of  hydrogen  may  be  ob- 
tained under  the  liquid  form,  by  boiling  phos- 
phorus with  an  alcoholic  solution  of  potash* 
The  phosphorus  melts,  and  remains  liquid 
even  after  cooling.  If  Uiis  be  boiled  in  water 
free  from  air,  trihydric  phosphuretted  gas  is 
disengaged,  without  any  phosphoric  acid 
being  formed  in  the  water,  or  without  any 
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water  beuig  decomposed,  and  the  photpkorus 
tben  toUdifies  after  the  cooUng.  Thii  com- 
pound has  aooM  analogy  with  the  liquid  com^ 
binationa  of  sulphur  and  sulphuretted  hydro- 
gen. 

Phosphorus  and  sulphur  are  capable  of 
combining.  They  may  be  united  bj  melting 
them  together  in  a  tube  exhausted  of  air,  or 
under  water.  In  this  last  case,  they  must 
be  used  in  small  quantities ;  as,  at  the  mo- 
ment of  their  action,  water  is  decomposed, 
sometimes  with  explosions.  They  unite  in 
many  proportions.  Tlie  most  fusible  com- 
pound is  that  of  one  and  a  half  of  sulphur  to 
two  of  phosphorus.  This  remains  liquid  at 
40^  Fahrenheit.  When  solid,  its  colour  is 
yellowiflh-white.  It  is  more  combustible  than 
phosphorus,  and  distils  undecompounded  at  a 
strong  heat  Had  it  consisted  of  2  sulphur 
-|-  4  phosphdrus,  we  should  have  had  a  de- 
finite compound  of  1  prime  of  the  first  -^  1 
of  the  second  oonstitttent  A  particle  of  it 
attached  to  a  brimstone  match,  inflames  when 
gently  rubbed  against  a  surface  of  coik  or 
wood.  An  oxide  made  by  heating  phospho- 
rus in  a  narrow-mouthed  phial  with  an  ig- 
nited wire,  forms  tlie  fire-bottle.  The  phial 
must  be  kept  dosely  corked,  otherwise  phos- 
phorous acid  is  speedily  formed. 

Vtom  the  triple  union  of  phosphorus  and 
sulphur  with  hydrogen,  a  gas  results,  which 
BrugnateUi  obtains  by  mixing  in  a  retort  an 
ounce  and  a  half  of  recently  slaked  lime,  40 
grains  of  phosphorus,  and  120  grains  of  dry 
pulverulent  sulphuret  of  potassium ;  and  after 
pouring  half  an  ounce  of  water  on  the  mix- 
ture, applying  heat  so  as  to  make  it  boiL 
There  rises  at  first  a  thick  white  smoke  of 
phosphorus,  which  burns  at  the  expense  of 
the  air  of  the  vessel ;  but  thereafter  the  gas 
isdisengaged,  consisting  of  three  elements.  It 
is  perfcMrtly  transparent.  It  must  be  collected 
over  )kne  water,  and  agitated  a  little  with  this 
liquid,  t»  deprive  it  of  the  sulphuretted  hy- 
drogen, and  some  imperfectly  acidified  phoa- 
phonis  mixed  with  it.  This  gas  does  not  in- 
flame spontaneously  ;  but  when  mixed  with 
atmospheric  air  or  oxygen  gas,  and  kindled, 
a  violent  explosion  ensues.  It  is  insoluble 
in  vrater ;  but  it  precipitates  various  metallic 
aolutions.  Berselius  thinks  it  may  possibly 
be  a  mixture  of  sulphuretted  hydrogen  and 
trihydric  phosphuretted  gas.  Pho&phorus 
Tolatilixes  well  in  sulphuretted  hydrogen, 
and  enables  this  gas  to  afford,  on  contact 
with  air,  a  feeble,  bulky,  and  bluish  flame, 
produced  by  the  conversion  of  phosphorus 
into  phosphorous  acid.  But  the  gas  of  Brug- 
nateUi is  not  generated  by  this  means.  A 
moist  sponge  which  has  been  suspended  in 
the  sulphuretted  phosphoric  gas,  becomes 
luminous  in  the  air,  and  retains  this  property 
a  considerable  time. 

Phosphorus  is  soluble  in  fixed  oils,  and 
communicates  to  them  the  property  of  ap- 


pearing kmanoua  in  the  dark;  but  if  a 
drops  of  rwirntisl  nil,  sii  iif  tmpiirtn 
mary,  lemon,  ^tc  be  introdaieed,  the 
of  giving  light  ia  destroyed.     But 
of  cinnamon,  rectified  petrolctt«v 
Peru,  and  camphor,  have  no  auch 
Alcohol  and  ether  also  diasolve  it,  but 


When  swallowed  in  theqaantilgr  of  •  gnaa 
it  acts  as  a  poison.  Axote  dissolvas  a  little 
of  it,  and  has  its  volume  eolaq^  by  about 
l-40th.     See  Eudeombtbr. 

PHOSPHORUS  (of  Baldwin).  Ignited 
muriate  of  lime. 

PHOSPHORUS  (of  Canton).  Oyirtcr 
shells  calcined  with  sulphur. 

PHOSPHORUS  (of  Bolopia).  See 
XiIGHT.     Sulphate  of  baryta. 

PHOSPHURET.  AcompoimdofplMB- 
phorus  vrith  a  combustible  or  metallic  oxide. 

PHOTICITE.  AmUtttreoftheailicala 
and  carbo-siUcate  of  manganese. 

PHYLLADE,  (INTERMEDIARY). 
The  name  given  by  the  FVench  geologi«a  ta 
clay  slate. 

PHYSALITE,orPYROPHYSALITE. 
Colour  greenish-white;  massive;  in  giMMika 
concretions ;  splendent  in  the  cleavage^  whidi 
is  perfect,  and  aa  in  topaa ;  fracture  uncvea; 
translucent  on  the  edges;  as  hard  as  topaa; 
sp.  gr.  S.451 :  it  whitena  with  the  blowpipe 
Its  constituents  are,  alomina  57.74^  aKca 
34.36,  fluoric  add  7.77.  It  is  found  in  gm- 
nite  at  Finbo  in  Sweden.  It  ia  a  sub-species 
of  prismatic  topas.— Jbmeiofi. 

PICNITE,  or  PYCNITE.     SchorUlew 

PICROLITE.  A  masaive  mioena  of  a 
green  or  yellow  odour,  conaating  chiefly  of 
magnesia. 

PICROMEL.  The  characteristic  princi- 
ple of  bile.  If  sulphuric  add,  diluted  with 
five  parts  of  water,  be  mixed  with  fircsh  faflc^  a 
yellow  precipitate  will  fidL  Heat  the  mixton^ 
th^  leave  it  in  repose^  and  decant  oflT  the  dear 
part  What  remans  was  fbrmeriy  called  re- 
sin of  bile,  but  it  is  a  greenish  compouiid  of 
sulphuric  add  and  picromel.  Edulcorate  it 
with  water,  and  dig»t  with  carixmate  of  bary. 
ta.  'Die  picromel  now  liberated  will  dissolve 
in  the  water.  On  ev^orating  thia 
it  is  obtained  in  a  solid  state.  Or  by 
solving  the  green  sulphate  in  alcohol,  and 
digesting  the  solution  over  carbonate  of 
potash  till  it  cease  to  redden  litmus  paper, 
we  obtain  the  picromel  combined  with  aJeo>- 
hol. 

It  resembles  inspissated  bile.  Its  colour  ia 
greenish-yellow ;  its  taste  is  intensdy  bitter  at 
first,  with  a  succeeding  impKssion  of  sweet- 
ness. It  is  not  affected  by  infusion  of  gaUa* 
but  the  salts  of  iron  and  subacetate  of  lead 
predpitate  it  from  its  aqueous  solution.  It 
affords  no  ammonia  by  its  destructive  distil- 
lation. Hence  the  absence  of  aaote  ia  in- 
finred,  and  the  peculiarity  of  picromel. 
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PICROTOXIA.  lliebitta-aiidpcwon- 
aus  principle  of  eoecuhu  mdicuMf  die  fruit  of 
the  nunupermum  eoecuhu.  To  the  filtered 
deoodion  ef  tbeee  bciries  add  acetate  of  IcMl, 
-while  any  precipitate  iUls.  Filter,  and  erapo- 
rate  the  liquid  caatiouily  to  the  consitlence  of 
an  extract  Diasolve  in  alcohol  of  0.8 17,  and 
evaporate  the  lolution  to  drynesB.  By  repeat- 
ing the  solutions  and  evaporations,  we  at  last 
obtain  a  substance  equally  soluble  in  water 
and  alcohoL  The  colouring  matter  may  be 
removed  by  agitating  it  with  a  little  water. 
Crystab  of  pure  picrotoxia  now  lall,  wluch 
may  be  washed  with  a  little  alcohol. 

The  crystals  are  four-sided  prisms,  of  a  white 
colour,  and  intensely  bitter  taste,  lliey  are 
soluble  in  85  times  their  weight  of  water,  and 
are  not  predpitaUe  by  any  known  reagent. 
Alcohol,  sp.  grav.  0.810,  dissolves  one-third 
of  its  weight  of  picrotoxia.  Ftore  sulphuric 
ether  dissolves  8-dths  of  its  weight. 

Strong  sulphuric  add  dissolves  it,  but  not 
when  much  diluted.  'Shric  acid  converts  it 
into  oxalic  acid.  It  dissolves  and  neutnlixes 
in  acetic  add,  and  falls  when  this  is  saturated 
with  an  alkali.  It  may  therefore  be  regarded 
as  a  YCgeto-alkati  itself.  Aqueous  potMh  di»» 
solvis  it,  without  evolving  any  smell  of  am- 
monia.    It  acts  as  an  intoxicating  poison. 

Sulphate  of  Pieroiona  must  be  formed  by 
dissolving  picrotoxia  in  dilute  sulphuric  add, 
for  the  strong  acid  chars  and  destroys  it  The 
solution  crystallizes  on  cooling.  Thesulpbate 
of  picrotoxia  dissolves  in  ISO  times  its  wdght 
of  boiling  water.  The  solution  gradually  lets 
hi]  the  salt  in  fine  silky  filaments  disposed  in 
bundles,  andpossessed  of  great  beauty.  When 
dry,  it  has  a  white  colour,  and  feels  elastic  un- 
der the  teeth,  like  plumose  alum.  It  is  com- 
posed of 

Sulphuric  add,  9.99      5 

Picrotoxia,  OaOl     45 


100.00 
NUrate  of  Pieroioxku  Nitric  add)  of  the 
spedfic  gravity  1.38,  diluted  with  twice  its 
wdght  of  water,  dissolves,  when  assisted  by 
heat,  the  fourth  of  its  wdght  of  picrotoxia. 
When  this  solution  is  evaporated -to  on^half, 
it  becomes  viscid,  and  on  cooling  is  converted 
into  a  transparent  mass,  similar  to  a  solution 
of  gum-arabic.  In  this  state  the  nitrate  of 
picrotoxia  is  add,  and  exceeding  bitter.  If  it 
be  still  further  dried  in  a  temperature  not  ex- 
ceeding 140^,  it  swells  up,  becomes  opaque, 
and  grows  at  last  perfectly  white  and  light, 
like  aldned  alum.  If  we  keep  it  in  this  state, 
at  a  temperature  below  that  of  boiling  water, 
adding  a  little  water  occasionally,  the  whole 
excess  of  add  exhales,  and  the  taste  becomes 
purdy  bitter.  When  this  salt  is  washed  in 
pure  water,  the  add  is  totally  removed,  and 
the  picrotoxia  is  s^sarated  in  the  state  of  fine 
white  plates. 

Muriate  of  Picrotoxia,     Muriatic  acid,  of 


the  spedfic  gra^ty  1. 145^  has  little  nctton  on 
picrotoxia.  It  dbaolvcs  it  when  assisted  by 
heat^  but  does  not  become  entirely  saturated. 
Five  psrts  of  this  add,  diluted  with  thnetimes 
ite  weight  of  water,  diasolves  about  one  p  wt  of 
picrotoxia  at  a  strong  boiling  tempeiaturo. 
The  liquor,  on  cooling,  is  converted  into  a 
greyish  crystalline  mass,  composed  of  con- 
ftised  crystsls.  When  these  crystals  aro  well 
washed,  they  are  almost  destitute  of  taste^ 
and  feel  efautic  under  the  teeth.  Ihey  dis- 
solve in  about  400  times  their  wdght  of  boiW 
ing  water,  but  are  almost  entirdy  depontad 
oncooKng.  Hie  solubility  is  much  inoeassd 
by  the  presence  of  an  excess  of  add. 

Acetate  of  Picrotona.  Acetic  add  dissolves 
picrotoxia  very  well,  and  may  be  nearly  satu- 
rated with  it  by  the  assistance  of  a  boiling 
heat  On  cooling,  the  acetate  predpitates  in 
well-defined  prismatic  needles.  Ihis  acetate 
is  soluble  in  50  times  its  we%ht  of  boiling 
water.  On  cooling,  it  finrmscrystals  of  great 
beauty,  Ught,  without  any  add  smell,  and 
much  less  bitter  than  picrotoxia  itself.  It  is 
decomposed  by  nitric  add,  which  disengages 
the  acetic  add.  Dilute  sidphuric  add  has  no 
mariLcd  action  on  it  It  is  not  so  poisonous  ss 
pure  picrotoxia. -^Jffoui^,  Ann.  de  OUmie, 

M.  Casaseca  denies  the  existence  of  meni- 
spermic  add,  and  of  picrotoxia  as  an  alkaline 
base.  It  is  merely  a  peculiar  hitter  vegetable 
prindple^  as  M.  BouUay  first  announced.— 
Ann.  de  Chimie,  xxx.  307. 

PIMELITE.  A  variety  of  steatite,  found 
at  Kosemutz  in  Silesia. 

PINCHBECK.  An  alloy  of  copper,  in 
which  the  proportion  of  sine  is  greater  than  in 
brass. 

PINEAL  CONCRETIONa  Matter 
of  a  stony  consistence  is  sometimes  deposited 
in  the  substance  of  the  pineal  gland,  fbrmuiy 
reckoned,  from  its  position  in  the  centra  of 
the  bnun,  to  be  the  seat  of  the  soul,  the  tn- 
tdlectiud  sanctuary.  These  concretions  were 
proved  by  Dr  WoUaston  to  be  pboqihate  of 
lime. 

PINEY  TALLOW.     See  Tallow. 

PINITE.  MicareUe  of  Kirwan.  Colour 
bladush-green ;  massive^  in  hundlar  concre^ 
tions,  and  crystallised  in  an  equiangular  six- 
sided  prism,  in  the  same  figure  truncated 
or  bevelled,  and  in  a  rectangular  Ibur-sided 
prism  ;  cleavage  shining ;  lustre  resinous ; 
fracture  uneven ;  opaque ;  soft ;  sectile;  fran- 
gible, and  not  flexible ;  feels  somewhat  greasy ; 
sp.  gr.  2.95 ;  infusible.  Its  constituents  are, 
dlica  29.5,  alumina  63.75,  oxide  of  iron  6.75. 
— 17a/m>M.  It  is  found  in  tlie  granite  of  St 
MichaeFs  Mount,  Cornwall,  and  in  porphyry 
in  Glen-Gloe  and  Bldr-Gowrie. 

PIPERiNE.  The  active  principle  of 
pepper,  a  new  vegetable  principle  extracted 
from  black  pepper  by  M.  PeUetier.  To  ob- 
tun  it,  black  pepper  was  digested  repeatedly 
in  dcoholi  and  the  solution  evaporated,  untU 
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a  fatty  resinous  matter  was  left.  This,  on 
being  washed  in  warm  water,  became  of  a 
good  green  colour.  It  bad  a  hot  and  burn- 
ing taste;  dissolved  readily  in  alcohol,  less 
so  in  ether.  Concentrated  sulphuric  acid 
gave  it  a  fine  scarlet  colour.  The  alcoholic 
solution  after  some  days  deposited  crystals, 
which  were  purified  by  repeated  crystalliaa- 
tion  in  alcohol  and  ether.  Iliey  then  formed 
colourless  four-sided  prisms,  with  single  in- 
clined terminations.  They  have  scarcely  any 
taste.  Boiling  water  dissolves  a  small  por- 
tion ;  but  not  cold  water.  They  are  soluble 
in  acetic  add ;  from  which  combination  fea- 
ther-formed crystals  are  obtained.  This  sub- 
stance fuses  at  21 2<>  Fahr.  The  fatty  matter 
left  after  extracting  the  piperine,  is  solid  at 
a  temperature  near  3129,  but  liquefies  at  a 
slight  heat  It  has  an  extremely  bitter  and 
acrid  taste,  is  very  slightly  volatile,  tending 
rather  to  decompose  than  to  rise  in  vapour. 
It  may  be  considered  as  composed  of  two 
oils— one  volatile  and  balsamic;  the  other 
more  fixed,  and  containing  the  acrimony  of 
the  pepper. 

PISOLITE.     Peastone. 

PISTACITE.     See  EnDOTE. 

PITCH.     See  Bitumen. 

PITCH  COAL.     See  Coal. 

PITCH  ORE.     See  Ores  of  U&ANIUM. 

PITCHSTONE.  A  sub-species  of  indi- 
visible quartz.  Colour  green ;  massive ;  vi- 
treo-resinous  lustre;  feebly  transparent  on 
the  edges ;  fracture  concboidal ;  semi-hard,  in 
a  high  d^pree;  rather  easily  frangible;  sp. 
gr.  2.2  to  2.3 :  it  is  fusible  before  the  blow- 
pipe. Its  constituents  are,  silica  73,  alumina 
14.5,  lime  1,  oxide  of  iron  1,  oxide  of  man- 
ganese 0.1,  natron  1.75,  water  8.5.-— jr£a/>- 
roth.  It  occurs  in  veins  that  traverse  granite. 
It  u  found  in  Arran,  in  Mull,  Canna,  Skye, 
and  in  the  Townland  of  Newry,  where  it  was 
first  observed  by  Mr  Joy  of  Dublin. 

PITCOAL.     See  Coal. 

PITTIZITE.  Pitchy  iron  ore.  SeeOiiES 
OF  Iron. 

PLANTS.^  See  Vegetable  Kingdom. 

PLASMA.  Colour  between  grass-green 
and  leek-green  ;  in  angular  pieces ;  glisten- 
ing ;  fracture  conchoidal ;  translucent ;  hard ; 
brittle;  8p.gr.  2.553;  infusible.  Its  con- 
stituents are,  silica  96.75,  alumina  0.25,  iron 
0.5,  loss  2.5.— 17apro(/i.  It  occurs  in  beds 
associated  with  common  calcedony.  It  is 
found  also  among  the  ruins  of  Rome. 

PLASTERS  in  surgery.  Soap  of  oxide 
of  lead,  or  compounds  of  resin  and  tat,  either 
alone  or  combined  with  the  former. 

PLASTER  OF  PARIS.     Gypsum. 

PLATINA  is  one  of  the  metals  for  the 
discovery  of  which  we  are  indebted  to  mo- 
dem times.  Its  ore  has  recently  been  found 
to  contain,  likewise,  four  new  metals,  palla^ 
dium,  iridium,  osmium,  and  rhodium,  which 
see,  beside  iron  and  chrome. 


The  cnida  platina  is  to  be  dbsoNcd  in 
nitro-muriatic  add,  precipitated  by  nmrieie 
of  ammonia,  and  exposed  to  a  verj  violen 
heat  Ilien  the  acid  and  alkali  ai^ezpdled, 
and  the  metal  reduced  in  an  agglutioaled 
state,  which  is  rendered  more  i'*if»*rftft  by 
pressure  while  red-hot. 

In  the  first  part  of  the  FhiL  TVana.  Ibr 
1829,  Dr  Wollaston  hM  bequeedied  to  the 
world  his  valuable  process  for  refining  pl^ 
tinum  ore. 

Hie  usual  means  of  giving  chemical  purity 
to  this  metal,  says  he,  by  solution  in  aqna 
regia,  and  precipitation  with  sal  anunooiac^ 
are  known  to  every  chemist ;  but  I  donbt 
whether  suflident  care  is  usually  taken  to 
avoid  dissolving  the  iridium  contained  in  the 
ore  by  due  dilution  of  the  solvent.  To  evoy 
measure  of  the  strongest  muriatic  add  em- 
ployed, (1.20),  there  should  be  added  an 
equal  measure  of  water  ;  and  the  nitric  add 
should  be  of  the  strength  called  single  aqoa- 
fortia,  {sp,  gr.  about  1.17),  as  well  for  tba 
sake  of  obtaining  a  purer  result,  as  of  eoooa- 
my  in  the  purchase  of  nitric  ac^. 

With  regard  to  the  proportions  in  wfakb 
the  adds  are  to  be  used,  the  Doctor  aiqr«t  tivt 
the  muriatic  may  in  round  numben  be  equi- 
valent to  150  marble,  together  with  nilrie 
acid  equivalent  to  40  marble ;  but  in  order 
to  avoid  waste  of  add,  and  also  to  render  the 
solution  purer,  there  should  be  in  the  men- 
struum a  redundance  of  20  per  cent  at  least 
of  the  ore.*  The  adds  should  be  allowed 
to  digest  three  or  four  days,  with  a  heat  wfaicfa 
ought  gradually  to  be  raised.  The  aolutian 
bdng  then  poured  ofi*,  should  be  suffered  to 
stand  until  a  quantity  of  fine  pulveruleni 
ore  of  iridium,  suspended  in  the  liquid,  has 
completely  subsided,  and  should  then  be 
mixed  with  41  parts  of  sal  ammoniac,  dis- 
solved in  about  5  times  their  weight  of  water. 
The  first  predpitate  which  will  thus  be  ob- 
tained will  wdgh  about  165  parts,  and  will 
yield  about  66  parts  of  pure  pUtina. 

As  the  mother  liquor  will  still  contain 
about  11  parts  of  pUdna,  these,  with  some 
of  the  other  metals  yet  held  in  solution,  are 
to  be  recovered  by  precipitation  from  tbe 
liquor  with  clean  bars  of  iron,  and  the  pred- 
pitate is  to  be  redissolved  in  a  proportiooate 
quantity  of  aqua  regia,  simUar  in  its  oompc»- 
sition  to  that  above  directed  to  be  used ;  but 
in  this  case,  before  adding  sal  ammoniac, 
about  1  part  by  measure  of  strong  muriatic 
add  should  be  mixed  with  32  paru  by  mea- 
sure of  the  nitro-muriatic  solution,  to  prevent 


*  As  150  of  nuible,  on  the  k^drngm  teale^  ooms. 
pond  to  3  equivalent  primet,  we  may  call  tbe  real 
inurUtic  acid  =  3  x  37  =r  11 1,  which  are  contained  in 
278  of  muriatic  acid  of  1.90 ;  and  40  maiUe  »  four, 
fifths  of  a  prime  of  nitric  add  s  08  x  54  =43^  are 
contained  in  100,  at  1.318,  or  180  at  1.17.  Ilius  3 
IKHmds  of  that  muriatic  acid  to  S  of  the  simple  aqua* 
fortis,  are  the  due  proportions^-*  l/fv. 
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any  predpitation  of  palladium  or  lead  along 
with  tlie  ammooia-muriate  of  pladna. 

The  yellow  precipitate  must  be  well  waab- 
ed»  in  order  to  free  it  from  the  Tarioas  impu- 
rities which  are  known  to  be  contained  in 
the  complicated  ore  in  question,  and  must 
ultimately  be  well  pressed,  in  order  to  remove 
the  last  remnant  of  the  washings.  It  b  next 
to  be  heated,  with  the  utmost  caution,  in  a 
black-lead  pot,  with  so  low  a  heat  as  just  to 
expel  the  whole  of  the  sal  ammoniac,  and  to 


finom  the  bottom,  and  plugged  at  its  larger 
extremity  with  a  stopper  of  steel,  that  enters 
the  barrel  to  the  dq)th  of  a  quarter  of  an 
inch.  The  inside  of  the  mould  being  now 
well  greased  with  a  little  lard,  and  the  stopper 
being  fitted  tight  into  the  barrel  by  surround- 
ing it  with  blotting  paper,  (for  the  paper  faci- 
litates the  extraction  of  the  stopper,  and  allows 
the  escape  of  water  during  compression),  the 
barrel  is  to  be  set  upright  in  a  jug  of  water, 
and  is  itself  to  be  filled  with  that  fluid.     It 


occasion  the  particles  of  platina  to  cohere  as     is  next  to  be  filled  quite  full  with  the  mud 


little  as  possible;  for  on  this  depends  the 
ultimate  ductility  of  the  product 

The  grey  product  of  platina,  when  turned 
out  of  the  crucible,  if  prepared  with  due 
jcaution,  will  be  found  lightly  coherent,  and 


of  platina,  which,  subsiding  to  the  bottom  of 
the  water,  is  sure  to  fill  the  barrel  without 
cavities,  and  with  uniformity,-^  uniformity 
to  be  rendered  perfect  by  subsequent  pres- 
sure.    In  order,  however,  to  guard  effec- 


must  then  be  rubbed  between  the  hands  of     tually  against  cavities,   the  barrel  may  be 


the  operator,  in  order  to  procure^  by  the 
gentlest  means,  as  much  as  can  possibly  be 
so  obtained  of  metallic  powder,  so  fine  as  to 
pass  through  a  fine  lawn  sieve.  The  coarser 
parts  are  then  to  be  ground  in  a  wooden 
bowl,  with  a  wooden  pestle,  but  on  no  ac- 


wdghed,  after  filling  it;  and  the  actual 
weight  of  its  contents  being  thus  ascertained, 
may  be  compared  with  that  weight  of  ifater 
and  platina  which  it  is  known  by  estimate 
that  the  barrel  ought  to  contain.  The  above 
ingot  contained  16  ounces  trc^  of  dry  platina 


count  with  any  harder  material  capable  of     powder.     The  weight  of  the  contents  of  the 

burnishing  the  particles  of  platina,  (because  -         Bp.gr.  of  platina—  1    ,  ^ 

burnished  surfaces  of  pUtina  wiU  not  weld     °""**  —  *"  A       ^  ^  ^^  ^j^^     T  "'« 


together) ;  and  indeed  every  degree  of  bur- 
nishing would  prevent  the  particles  from 
cohering  in  the  further  stages  of  the  process. 
Since  the  whole  will  require  to  be  well  wash- 
ed in  clean  water,  the  operator,  in  the  latter 
stages  of  grinding,  will  find  his  work  much 
facilitated  by  the  addition  of  water,  in  order 
to  remove  the  finer  portions  as  soon  as  they 
are  sufficiently  reduced  to  be  suspended  in 

it. 

Those  who  would  view  this  subject  scien- 
tifically should  here  consider,  that  as  platina 
cannot  be  fused  by  the  utmost  heat  of  our 
furnaces,  and  consequently  cannot  be  freed, 
like  other  metals,  from  its  impurities  during 
igneous  fusion  by  fluxes,  nor  be  rendered 
homogeneous  by  liquefaction,  the  mechanical 


weight  of  a  cubic  inch  of  water  X  capacity 
of  the  barrel  in  cul»c  inches  =s  16  ounces 

2025  .Q  526 ounces  X  7.05  z=  18.9675 
^21.25^ 

ounces  troy.  Should  the  contents  of  the 
barrel  weigh  materiaUy  less  than  this  esti- 
mated weight,  there  must  be  a  want  of  uni- 
formity of  the  powder  within  the  barrel. 

A  circular  piece  of  soft  paper  first,  and 
then  of  woollen  cloth,  being  laid  upon  the 
surface  of  the  barrel,  allow  the  water  to  pass 
during  partial  compression  by  the  force  of 
the  hand  with  a  wooden  plug.  A  circular 
plate  of  copper  is  then  placed  upon  the  top, 
and  thus  sufficient  consistency  is  given  to  the 
contents  to  allow  of  the  barrel  being  laid  bo- 


«  -,    -  ,      ij,  .        1.        J  risontally  in  a  forcible  press.     For  a  view  of 

diffusion  through  water  should  here  be  made  ^^  Wollaston's  press  we  must  refer  to  the 

to  answer,  as  far  as  may  be,  the  purposes  of  ^^^  ^^^^  ^^  Journal  of  Science  of  Octo- 

melting,  in  allowing  earthy  matters  to  come  ^^  jg^g        jqj 

to  the  surface  by  their  superior  Mg^tness,  Md  ^^  compression,  which  is  to  be  carried 
in  making  the  solvent  powers  of  water  effec^  ^  ^^  ^^^  ^^.^  ^^  ^^^^  ^^  ^^^  ^^^^ 
as  far  as  possible^  the  purifying  powers  of  ^      ^^^^         ^  ^^^  ^^  ^^^^  ^.,^ 

borax  and  other  fluxes  m  removmg  wrfuble    ^^   ^  ^oved,  owing  to  the  conical  form 

oxides.     By  repeated  washing,  shakmg,  and  ^  ^^  o 

decanting,  the  finer  parts  of  the  grey  powder 

of  platina  may  be  obtained  as  pure  as  other 

.metals  are  rendered  by  the  various  processes 

of  ordinary  metallurgy ;  and  if  new  poured 

over,  and  allowed  to  subside  in  a  clean  basin, 

a  uniform  mud  or  pulp  will  be  obtained, 

ready  for  the  further  process  of  casting. 

The  mould  which  Dr  Wollaston  used  for 
casting  was  a  brass  barrel,  6|  inches^  long, 
turned  rather  taper  within,  with  a  riew  to 
facilitate  the  extraction  of  the  ingot  to  be 
formed,  being  1.12  inches  in  diameter  at 
.top,  and  1.23  inches  at  a  quarter  of  an  inch 


of  the  barrel ;  and  being  now  so  hard  and 
firm  that  it  may  be  handled  without  danger 
of  breaking,  it  is  to  be  placed  upon  a  char- 
coal fire,  and  there  heated  to  redness,  in  order 
to  drive  off  moisture,  bum  off  grease,  and 
give  to  it  a  firmer  degree  of  cohesion. 

The  cake  is  next  to  be  heated  in  a  wind 
furnace;  and  for  this  purpose  it  is  to  be 
raised  upon  an  earthen  stand  about  2|  inches 
above  the  grate  of  the  furnace,  the  stand  be- 
ing strown  over  with  a  layer  of  clean  quart- 
zose  sand,  on  which  the  cake  is  to  be  placed, 
standing  upright  on  one  of  its  ends.  It  is 
then  to  be  covered  with  an  inverted  cylindri- 
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cd  pot  of  the  most  refractory  crucible  wwe^ 
resting  «t  its  open  end  on  the  layer  of  sand ; 
and  caie  is  tQ  be  taken  that  the  sides  of  the 
pot  do  not  touch  the  cake. 

To  prevent  the  blistering  of  the  platina  by 
beat,  which  la  the  usual  defect  of  this  metal 
in  its  manufaccuved  state,  it  is  essential  to 
expose  the  cake  to  the  aaoat  intense  beat  that 
a  wind  furnace  can  be  made  to  vaceiTe,  more 
intense  than  the  platina  can  well  be  vequired 
to  bear  under  any  subsequent  treatment^  ao 
that  all  impurities  may  be  totally  driven  off; 
which  any  lower  temperature  might  other- 
wise render  volatile.  The  furnace  is  to  be 
fed  with  Staffordshire  coke^  and  the  action  of 
the  fire  is  to  be  continued  for  about  90  mi- 
nutes from  the  time  of  lighting  it,  a  breathing 
heat  being  maintained  during  the  last  4  or  5 
minutes. 

The  cake  is  now  to  be  removed  flnom  the 
fbrqace,  and  being  placed  upright  upon  an 
anvil,  is  to  be  struck  while  hot  on  the  top 
with  a  heavy  hammer,  so  as  at  one  heating 
effectually  to  dose  the  metal.  If  in  this  pro- 
cess of  forging  the  cylinder  should  beomie 
bent,  it  should  on  no  account  be  hammered 
on  the  side,  by  which  treatment  it  would  be 
cracked  irremediably,  but  must  be  straights 
ened  by  blows  upon  the  extremities^  dexter- 
ously directed,  so  as  to  reduce  to  a  straight 
line  the  parts  which  project. 

Hie  work  cf  the  operator  is  now  so  fer 
complete,  that  the  ingot  of  platina  may  be  re- 
duced by  the  processes  of  beating  and  forging, 
like  that  of  any  other  metal,  to  any  form  that 
may  be  required.  After  forging^  the  ingot 
is  to  be  cleaned  from  the  ferruginous  scales 
which  its  surface  is  apt  to  contract  in  the 
flre^  by  smearing  over  its  surfece  with  a 
mobtened  mixture  of  equal  parts  by  measure 
of  crystallized  borax  and  common  salt  of  tar- 
tar, which,  when  in  fusion,  is  a  ready  solvent 
of  such  impurities,  while  it  docs  not  act  like 
caustic  alkali  on  the  platina  itself.  It  is  then 
to  t>e  exposed  upon  a  platina  tray,  under  an 
inverted  pot,  to  the  heat  of  a  wind  furnace. 
The  ingot  may  then  be  flattened  into  leaf, 
drawn  into  wire,  or  submitted  to  any  of  the 
processes  of  which  the  most  ductile  metals 
are  capable.  The  mean  specific  gravity  of 
the  metallic  cake  of  platina  powder,  when 
taken  fitnn  the  press,  is  10 ;  that  of  the  cake 
fully  contracted  by  heat  before  forging,  is 
from  17  to  17.7 ;  that  after  forging  is  about 
21.25;  and  that  of  wire  21.5, — being  the 
maximum  density  that  we  can  well  expect  to 
give  to  platina.  Indeed  the  specific  gravity 
of  platina,  drawn  into  fine  wire,  from  a  but- 
ton which  had  been  completely  fused  by  Dr 
£.  D.  Clarke  with  an  oxyhydrogen  blow- 
pipe, was  found  to  be  only  21. 16. 

If  we  lake  590  pounds  as  the  measure  of 
the  tenacity  of  platina  wire,  1-lOth  of  an  inch 
in  diameter,  prepared  by  the  above  method, 
and  consider  that  the  tenacity  of  gold  wire. 


reduced  to  the  same  standard  is  abottl  500^ 
and  that  of  iron  ^mire  600,  we  Aalt  fasre  fedl 
reason  to  be  'satisfted  vrith  Dr  Wollasfoa's 
excellent  processes. 

Pure  or  refined  platina  is  ▼ery  malleable^ 
though  considerably  harder  than  cither  gold 
or  silver;  and  it  hardens  much  under  the 
hammer.  Its  colour  on  the  toucii  atone  ■ 
not  distinguishable  from  that  of  silver.  When 
urged  by  a  vrfaite  heat,  its  parts  will  adhere 
together  by  hammering.  Tliis  propeitj, 
wUch  is  dbtinguished  by  the  name  of  weld- 
ing, ia  peculiar  to  platina  and  iron,  which 
resemble  each  other  likewise  in  their  infuai- 
bility. 

Platina  is  not  altered  by  exposure  to  air ; 
neither  is  it  acted  upon  by  the  most  concen- 
trated simple  adds,  even  when  boiling  or 
distilled  from  it. 

Muriate  of  tin  is  so  delicate  a  test  of  pla- 
tina, that  a  single  drop  of  the  recent  solnlioa 
of  tin  *in  muriatic  add  gives  a  bright  red 
colour  to  a  solution  of  muriate  of  platina^ 
scarcely  distinguishable  ftnom  water. 

If  the  muriatic  solution  of  platina  be  agi- 
tated with  ether,  the  ether  will  become  im- 
pregnated vrith  the  metal. 

Pelletler  united  it  with  phosphorus^  by 
projecting  small  bits  of  phosphorus  on  Ae 
metal  heated  to  redness  in  a  crudble. 

Platinum  unites  with  most  other  metaki 
Added  in  the  proportion  of  1.12tfa  to 
gold,  it  forms  a  ydlowisb-white  metol,  hi^U^ 
ductile,  and  tolersbly  elastic,  so  that  j£r 
Hatchett  supposed  it  might  be  uaed  vrith 
advantage  for  watcfa-«prings,  and  other  por- 
poses.     Its  spedfic  grarity  was  19.013. 

Platinum  renders  silver  more  hard,  but 
its  colour  more  dull. 

Copper  is  much  improved  by  alloying  with 
platinum.  FVom  l-6tfa  to  l-25th,  or  even 
less,  renders  it  of  a  golden  colour,  harder, 
susceptible  of  a  finer  polish,  smooth-grained, 
and  much  less  liable  to  rust. 

AllojTs  of  platinum  vrith  tin  and  lead  are 
very  apt  to  tarnish.     See  Iron. 

FVom  its  hardness,  infusibility,  and  difl- 
culty  of  being  acted  upon  by  most  agents, 
platinum  is  of  great  value  for  making  various 
chemical  vessels. 

Platinum  is  now  hammered  in  Puis  into 
leaves  of  extreme  thinness.  By  enclosing  a 
ynrt  of  it  in  a  little  tube  of  silver,  and  draw- 
ing this  through  a  steel  plate  in  the  usual 
way,  Dr  Wollsston  has  succeeded  in  produc- 
ing platinum  wire  not  exceeding  l-9000lfa  of 
an  indi  in  diameter. 

For  some  curious  phenomena  of  its  fuaon, 
see  Blowpipe  ;  and  for  the  singular  action 
of  hydrogen  on  spongy  platinum,  see  Hy- 
drogen and  Eudiometer.  Hiere  are  two 
oxides  of  platinum  :— 

1.  When  100  parts  of  the  protochloride  or 
muriate  of  platinum  are  caldned,  they  1eav« 
73.3  of  metel;    26.7  of  chlorine  escape. 
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Wbea  the  above  pnrtodilotide  b  treMed  will! 
caofltic  potaab,  it  is  alio  resoWed  into  a  black 
Glide  of  platinum  and  chloride  of  potaaaium. 

Benelius  considen  this  as  a  peroxide,  con- 
sisting of  1  prime  metal  as  12. 1523  +  2  of 
oxygen  ^  2.  He  has  a  protoxide  contain- 
ing half  the  above  quantity  of  oxygen* 

An  oxide  of  platinum  has  been  described 
by  Mr  £.  Davy,  which  appears  to  be  inter- 
mediate between  the  peroxide  and  protoxide 
€X  Benelius.  It  was  formed  by  boiling  ful- 
minating platioum  in  strong  nitric  acid,  dry- 
ing the  product,  and  heating  it  to  near  igni- 
tion, then  washing,  first  with  water,  and 
afkerwards  with  a  little  potash.  It  has  a 
dark  iron-grey  colour;  is  not  affected  t^y 
nitric,  sulphuric,  or  phosphoric  acid;  and 
insoluble  in  muriatic  and  nitro-muiiatic 
acids,  unless  when  they  are  heated.  It  con- 
tains, by  his  analysis, 

Platinum,     89.966         100 
Oxygen,       10.63i  11.9 


100.000 

According  to  Mr  £.  Davy,  the  protochlo- 
ride  is  soluble  in  water,  while  the  bichl<»ide 
is  insoluble.  If  the  common  nitro-muriatic 
solution  be  cautiously  dried,  and  heated  to 
dull  redness,  washed  with  water,  and  again 
dried,  we  obtain  a  chloride,  apparently  con- 
sisting oli 

Platinum,     100,  or  1  prime  11.86 
Chlorine,  37.93        1  4.5? 

It  has  a  dull  i^ve-brown  or  green  colour, 
a  harsh  fed,  and  is  destitute  of  taste  and 
smell.  It  is  not  fusible  by  heat,  nor  is  it 
altered  by  exposure  to  the  atmosphere.  At 
a  full  red  heat  the  chlorine  flies  off,  and  pla- 
tinum remains. 

The  oxide  precipitated  from' a  solution  of 
this  chloride  by  soda  contains  15  or  16  of 
oxygen  per  cent,  according  to  Vauquelin. 

According  to  Mr  £.  Davy,  there  are  two 
phosphurets  and  three  sulphurets  oX  platinum. 
See  his  excellent  memoir  in  the  PhU,  Mag. 
voL  xl. 

The  salts  of  platinum  have  the  following 
general  characters  :— 

1.  Their  solution  in  water  is  yellowish- 
btown. 

2.  Potash  and  ammonia  determine  the 
formation  of  small  orange-coloured  crystals. 

3.  Sulphuretted  hydrogen  throws  down  the 
metal  in  a  black  powder. 

Ferrocyanate  of  potash,  and  infusibn  of 
galls,  occasion  no  precipitate. 

1.  Hie  sulphate  of  platinum  may  be  ob- 
tained by  passing  a  current  of  sulphuretted 
hydrogen  gas  through  the  nitro-muriatIc  so- 
lution. It  should  be  washed  and  boiled  once 
or  twice  with  nitric  acid,  to  ensure  its  entire 
eonversion  into  sulphate.  It  has  a  brownish- 
black  colour,  and  resembles  the  cari)onaceous 
crust  left  when  sugar  is  decomposed  by  heat 
It  is  brittle^  easily  pulverized,  and  has  the 


lustreneariy  of  crystallised  blende:  ita  taste 
is  add,  metallic,  and  somewhat  caustic:  it 
reddens  titmus  paper  slightly :  it  is  ddiques- 
cent,  and  soluble  in  vrater,  alcohol,  and 
ether,  as  well  as  in  muriatic,  nitric,  and  phos- 
phoric acids :  at  a  red  heat  it  is  resolved  into 
metaL  It  appears  from  Mr  Davy*s  analysis 
to  consist  of«— 

Sulphuric  acid,  26.3 

Protoxide  of  platinum,        73. 7 

2.  A  sulphate  of  potash  and  platinum  is 
formed  by  neutralizing  the  sulphate  with  a 
solution  of  potash,  and  exposing  the  mixture 
for  a  little  to  a  boiling  heat.  A  granular 
substance  resembling  gunpowder  is  obtained. 
It  is  tasteless,  insoluble  in  water,  and  posses- 
ses the  lustre  of  blende.  A  soda-sulphate  may 
be  formed  by  a  similar  process ;  as  also  an 
ammonia^sulphate. 

Fulminating  platinum  was  discovered  by 
Mr  Edmund  Davy.  Into  a  solution  of  the 
sulphate  in  water  aqueous  ammonia  is  pour- 
ed, and  the  precipitate  which  falls  being 
washed,  is  put  into  a  matrass  with  potash-ley, 
and  boiled  for  some  time.  It  is  then  filter- 
ed, washed,  and  dried.  A  brown  powder  is 
obtained,  lighter  than  fulminating  gold,  which 
is  the  fulminating  platinum.  It  explodes  vio- 
lently when  heated  to  400<>;  but  does  not 
detonate  by  friction  or  percussion.  It  is  a 
non-conductor  of  electricity.  With  sulphu- 
ric add  it  fonqs  a  deep-coloured  solution. 
Chlorine  and  muriatic  gas  decompose  it. 
According  to  Mr  E.  Davy  it  consists  of 
Peroxide  of  platinum,  82.5  nearly  2  primes 
Ammonia,  9.0  1 

Water,  .  8.5  2 

•^See  Salts. 

Doberdner  has  found  that  Mr  Edmund 
Davy's  bhick  predpitate,  obtained  by  heating 
sulpbated  oxide  of  platinum  with  alcohol, 
absorbs  all  the  inflammable  gases,  but  not 
dther  oxygen  or  cart)onic  add.  When  sa- 
turated with  hydrogen,  and  placed  in  con- 
tact with  oxygen,  it  efifects  thdr  combination 
with  the  production  of  water,  while  the  beat 
generated  by  the  mutual  action  of  the  bodies 
amounts  to  incandescence.  He  concdved 
that  metallic  platinum,  extremely  comminut- 
ed, might  produce  an  analogous  effect,  and 
he  was  hence  led  to  discover  the  remarkable 
inflammation  of  hydrogen  by  platina  sponge. 
M.  Liebeg  gives  the  following  process  for 
preparing  an  excellent  platina-black  for 
kindling  hydrogen  or  alcohoL  The  muriate 
of  platina  is  to  be  heated  considerably,  till  it 
becomes  a  greenish-yellow  chloride.  A  con- 
centrated solution  of  potash  dissolves  it,  with 
the  aid  of  heat,  into  a  black  liquor.  Into  this, 
after  it  is  removed  ftom  the  fire,  a  little  spirit 
of  wine  is  to  be  cautiously  stirred  in  a  vessel 
large  enough  not  to  be  overflown  by  the 
effervescence  which  ensues.  A  great  deal  of 
carbonic  add  gas  escapes,  and  a  dense  velvet- 
black  powder  precipitates,   which  must  be 
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boOed  in  suocesaon  with  a  little  alcohol,  mu- 
riatic add,  potash,  and  lastly  with  4  or  5 
times  its  weight  of  water.  It  is  to  be  then 
washed  and  dried  in  a  porcelain  capsule,  with- 
out putting  the  matter  in  contact  with  a  filter 
or  any  other  organic  substance.  When  this 
powder  is  moistened  with  a  little  spirit  of 
wine,  it  becomes  incandescent^  and  converts 
the  alcohol  into  acetic  add.  A  stream  of 
hydrogen  directed  on  it  in  the  air  instantly 
tidLes  fire.  Its  mean  density  is  16 ;  and  it  is 
in  fact  merely  metallic  platina  in  a  state  of 
extreme  division,  and  thus  possessing  the 
properties  of  spongy  platina  in  a  more  emi- 
nent degree. 

Metallic  platina  predpitated  by  zinc  from 
an  acid  solution  of  muriate  of  platina,  has  the 
same  powers.  The  platina^black  can  absorb 
and  retain  .a  multitude  of  gas  in  a  condensed 
state.  According  to  Dobereiner,  100  grsins 
of  it  absorb  20  cubic  inches  of  hydrogen ; 
and  admitting  that  5  of  those  unite  with  the 
oxygen  absorbed  from  the  air,  the  remaining 
15  have  a  volume  745  times  greater  than  the 
substance  which  absorbs  them  into  its  pores. 
Tbu  prodigious  condensation  seems  suffident 
to  account  for  the  paradoxical  property  of  the 
qponge  and  black  of  platina,  to  determine  the 
inflammation  of  hydrogen  and  spirit  of  wine. 
Iron,  when  reduced  from  its  oxide  by  the 
action  of  hydrogen,  spontaneously  takes  fire 
when  suddenly  plunged  into  it ;  oxygen,  or 
atmospheric  air,  exhibiting  thus  an  analogous 
power  with  platina  powder.  Platina  sponge, 
which  has  lost  its  (acuity  of  igniting  hydro- 
gen, recovers  it  by  bdng  boiled  for  a  little  in 
nitric  acid,  or  even  it  is  said  in  water. 

The  acetification  or  addification  of  alco- 
hol depends  chiefly  on  the  power  of  platina- 
black  to  absorb  oxygen  from  the  air,  and  on 
the  shallowness  of  the  filter  of  alcohol  pre- 
sented to  it— y^nn.  de  Chim.  Nov.  1829. 

PLATINUM  ORE.    See  OaES  of  Pla- 

TINOM. 

PLEONASTE.     Ceylanite. 

PLOMBGOMME,  of  the  French,  is  the 
hydrous  aluminate  of  lead. 

PLUMBAGO.     See  Graphite. 

PLUMBAGINE.  A  new  vegetable  prin- 
dple  obtained  by  M.  Dulong  from  the  roots 
of  the  Plumbago  Europea,  It  crystallizes 
readily  from  alcohol,  ether,  or  water,  in  the 
form  of  numerous  yellow  needles.  On  the 
tongue  it  first  produces  a  sweet  taste,  follow- 
ed by  a  sharp  acrid  effect  extending  to  the 
throat  Its  aqueous  solution  liecomes  cherry- 
red  by  alkalis,  subacetate  of  lead,  permuriate 
of  iron,  &c. ;  but  adds  restore  the  yellow  co- 
lour, and  the  plumbagine  remains  unaltered. 

PLURANIUM.  A  new  metal  found 
by  M.  Osann  in  the  ore  of  Siberian  platina. 
Berzelius  thinks  it  a  new  substance.— ^«- 
naUn  der  Phytiky  1828,  p.  287. 

PO I  SO NS.  Substances  which ,  when  ap- 
plied to  living  bodies,  derange  tlie  vital  func- 
tions, and  produce  death,  liy  an  action  not 


mecbanicaL  The  study  of  their  nMoc^ 
mode  of  operation,  and  antidotes,  has  been 
C9X\sA  toxicoiogy.  Poisons  have  been  smudged 
in  six  classes  -.-^ 

h—Corrodve  or  Eickarotie  PtnaonM, 
ITiey  are  so  named  because  tliej  nsualiy 
irritate,  inflame  and  corrode  the  animal 
texture  with  which  they  come  into  oootact. 
Their  action  is  in  general  more  violent  and 
formidable  than  that  of  the  other  poisoos. 
The  following  list  from  Orfila  ooataiDs  the 
principal  bodies  of  this  class  :— 

1.  Mtrcurial  preparations  ;  cnrosive  sub- 
limate, red  oxide  of  mercury  ;  turbeth  mine- 
ral, or  yellow  subsulphate  of  mocury  ;  pcr- 
nitrate  of  mercury ;  mercurial  vapours. 

2.  Arsenical  preparations ;  such  as  white 
oxide  of  arsenic,  and  its  combinations  whh 
the  bases,  called  arsenites ;  arsenic  add,  and 
the  arseniates ;  yellow  and  red  sulphuret  of 
arsenic ;  black  oxide  of  arsenic,  or  fly- 
powder. 

3.  AntiMonial  preparations  i  such  as  tartar 
emetic,  or  cream  tartrate  of  antimony ;  oxide 
of  antimony ;  kermcs  mineral ;  muriate  of 
antimony,  and  antimonial  wine. 

4.  Cupreous  preparations ;  sucfa  as  Terdi- 
gris,  acetate  of  copper,  the  cupreous  sulphate, 
nitrate,  and  muriate;  ammoniacal  copper, 
oxide  of  copper,  cupreous  fougs,  or  grease 
tainted  with  oxide  of  copper,  and  cupreous 
wines  or  vin^ars. 

5.  Muriate  of  tin* 

6.  Oxide  and  sulphate  ofzinc» 

7.  Nitrate  of  silver. 

8.  Muriate  of  gold. 

9.  Pearl'  whiter  or  the  oxide  of  bismuth,  and 
the  subnitrate  of  this  metal. 

10.  Concentrated  acids ;  sulphuric,  nitric,, 
phosphoric,  muriatic,  hydriodic,  acetic,  &c. 

11.  Corrosive  alkalis;  pure  orsubcarbonated 
potash,  soda,  and  ammonia. 

12.  The  caustic  earths;  lime  and  baryta. 
13b   Muriate  and  carbonate  of  baryta. 
14k  Glass  and  enamel  powder. 

15.   Cantharides. 

II,— 'Astringent  Poisons* 

1.  Preparations  of  lead;  sudi  as  the ; 
carbonate,  wines  sweetened  with  lead, 
impregnated  with  its  oxide,  food  cooked  in 
vessels  containing  lead,  syrups  darified  with 
subacetate  of  lead,  plumbean  vapours. 

III.— ^crtd  Poisons. 

1.  The  gases;  chlorine,  muriatic  add,  sul- 
phurous add,  nitrous  gas,  and  nitro-muriatic 
vapours. 

2.  Jatropha  manihot,  tlie  fresh  root,  and 
its  juic^  from  which  cassava  is  made. 

3.  The  Indian  ricinus,  or  Molucca  wood. 

4.  Scammony,  5.  Gamboge.  6.  Seeds 
of  Palma  Christi,  7.  EUterium.  a  Colo^ 
cynth.  9.  White  hellebore  root.  10.  Black 
hellebore  root.  11.  Seeds  of  stavesacre.  12.. 
Tlie  wood  and  fruit  of  the  ahoviii  of  Brasil. 
13.  Rhododendron  cbrysanthum.  llw  Bulbs 
of  colchicum,  gathered  in  summer  and  au- 
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tiflttn.  15.  The  milky  juice  of  the  conVoU 
▼uius  aryensis.  16.  Asdepiaa.  17.  CEnantbe 
fi&tuloaa  and  crocata.  16.  Some  species  of 
clematis.  19.  Anemone  pulsatilla.  20. 
Root  of  woLf's-bane.  81.  Fre^h  roots  of 
Arum  maculatum.  22.  Berries  and  bark 
6f  Daphne  mesereum.  2dL  The  plant  and 
emanations  of  the  rhus  toxicodendron.  24i, 
Euphorbia  officinalis.  25.  Several  species 
of  ranunculus,  particularly  the  aquatilis. 
26.  Nitre,  in  a  lai^  dose.  27.  Some  mus- 
cles and  other  shell-fish. 

IV.  Narcotic  and  Stupefying  Poisom. 

1.  The  gatets  hydrogen,  azote,  and  oxide 
of  azote. 

2.  Poppy  and  opium. 

3.  The  roots  of  the  solanum  somniferum ; 
berries  and  leaves  of  the  solanum  nigrum ; 
those  of  the  morel  with  yellow  fhiit  4.  The 
roots  and  leaves  of  the  atropa  mandragora. 

5.  Datura  stramonium.  6.  Hyoeciamus,  or 
henbane.  7.  Lactuca  virosa.  6.  Paris  qua- 
drifolia,  or  herb  Paris.  ■  9.  Laurocerasus,  or 
bay  laurel,  and  prussic  acid.  10.  Berries  of 
the  yew  tree.  1 1.  Ervum  ervilia;  the  seeds. 
12.  The  seeds  of  lathyrus  cicera.  13.  Dis- 
tilled water  of  bitter  almonds.  14i.  The 
effluvia  of  many  of  the  above  plants.    • 

V.  Narcotico-acrid  Poitont* 

1.  Carbonic  add;  the  gas  of  charcoal 
stoves  and  fermenting  liquors.  2.  The  man- 
chineel.  3.  Faba  Sancti  IgnatiL  4.  The 
exhalations  and  juice  of  the  poison-tree  of 
Macassar,  or  Upas-Antiar.     5.  Tlie  ticunas. 

6.  Certain  species  of  strychnos.  7.  The 
whole  plant,  Laurocerasus.  8.  Belladonna, 
or  deadly  nightshade.  9.  Tobacco.  10.  Roots 
of  white  bryony.  11.  Roots  of  the  Chcero- 
phyllum  silvestre.  12.  Conium  maculatum, 
or  spotted  hemlock.  13.  iEthusa  cynapium. 
14.  Cicuta  virosa.  15.  Anagallis  arvensis. 
16.  Mercurialis  perennis.  17.  Digitalis  pur- 
purea. 16.  The  distiUed  waters  and  oils  of 
some  of  the  above  plants.  19.  The  odorant 
principle  of  some  of  theok  20.  Woorara 
of  Guiana.  21.  Camphor.  22.  Cocculus 
Indicus.  23.  Several  mushrooms;  see  Aga- 
Ricus,  and  Boletus.  24.  Secale  comutum. 
25.  Lolium  temulentum.  26.  Slum  lati- 
fblium.     27.  Coriaria  myrtifolia. 

VI.  Septic  or  Putrescent  Poisont, 

1.  Sulphuretted  hydrogen.  2.  Putrid 
effluvia  of  animal  bodies.  3.  Contagious 
effluvia,  or  fomites  and  miasmata ;  (see  MiAft* 
mata).  4.  Venomous  animals;  the  viper, 
rattlesnake^  scorpion,  mad  dog,  &c. 

I  regret  that  the  limits  of  this  work  pre- 
clude me  from  introducing  a  systematic  view 
of  the  mode  of  action  of  the  principal  sub- 
stances in  the  above  catalogue.  Under  ^n/t- 
mony,  AneniCf  Copper,  Lead^  Mercury,  Sil- 
ver, pretty  copious  details  are  given  of  the 
poisonous  effects  of  their  preparations,  and 
of  the  best  methods  of  counteracting  them.   • 

Antidote  for  Vegetable  Poisons*    M.  Dnqpies 


has  ascertained,  by  numerous  experiments, 
that  the  fruit  of  the  feuillea  eonUfolia  is  a 
powerful  antidote  against  vegetable  poisons. 
He  poisoned  dogis  with  the  rhus  toxicoden- 
dron, hemlock,  and  nux  vomica;  and  all 
those  which  were  left  to  the  effects  of  the 
poison  died,  but  those  to  which  the  above 
fruit  was  administered  recovered  completely, 
after  a  short  illness.  To  see  whether  the 
antidote  would  act  in  the  same  way,  applied 
externally  to  wounds  into  which  vegetable 
poisons  had  been  introduced,  he  took  two 
urrows,  which  had  been  dipped  into  the  juice 
of  the  tnanckeniUe,  and  slightly  wounded 
with  them  two  cats :  to  one  of  these  virounds 
he  applied  a  poultice,  composed  of  the  fruit 
of  iheJewUea  cordifbHa,  while  the  other  was 
left  without  any  application.  ITie  former' 
suffered  no  inconvenience,  except  from  the 
pain  of  the  wound,  which  speedily  healed ; 
while  the  other,  in  a  short  time,  fell  into 
convulsions,  and  died.  This  fruit  loses  these 
valuable  virtues,  if  kept  two  years  after  it  is 
gathered. 

Dr  Chisholm  states,  that  the  juice  of  the 
sugar-cane  is  the  best  antidote  for  arsenic. 

Dr  Lyman  Spalding  of  New- York  an- 
nounces in  a  small  pamphlet,  that  for  above 
these  fifty  years,  the  Scutellaria  Lateryiora 
has  proved  to  be  an  infallible  means  for  the' 
prevention  and  cure  of  the  hydrophobia,  after 
the  bite  of  rabid  animals.  It  b  better  ap- 
plied as  a  dry  powder  than  fr'esh.  According 
to  the  testimonies  of  several  American  phy- 
sicians, this  plant,  not  yet  received  as  a 
remedy  into  any  European  Materia  Medico, 
afforded  perfect  relief  in  above  a  thousand 
cases,  as  well  in  the  human  species  as  in  the 
brute  creation,  (dogs,  swine^  and  oxen).-* 
PhiL  Mag:  Ivi.  15L 

Dr  Record  says,  that  if  a  few  drops  of 
tincture  of  cantharides  be  poured  on  the 
wound  of  a  venomous  reptile,  the  poison  is 
rendered  harmless,  and  the  stings  of  the 
reptiles  come  avray  with  the  epidermis  raised 
by  the  blistering  application. 

POLISHING-SLATE.     See  Clay. 

POLLEN.  The  powdery  matter  evolved 
from  the  antheree  of  flowers.  That  of  the 
date  seemS}  from  the  experiments  of  Four- 
croy  and  Vauquelin,  to  approach  in  its  con- 
stitution to  animal  substances ;  that  of  the 
bazeUnut  contains  tannin,  resin,  much  glu- 
ten, and  a  Cttle  fibrin ;  and  that  of  the  tulip 
yielded  to  Grotthus  the  following  constitu- 
ents in  26  parts  :— 

Vegetable  albumen,  -  20.25 

Malate  of  lime,'  with  trace  of  malate  )    »  cq 

of  magnesia,  -  -  ) 

Malic  acid,  .  -  -  1.00 

Malate  of  ammonia, 

Colouring  matter,  -  -  S-    1.25 

Saltpetre? 


I. 


26.00 
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The  principle  in  poHen*  intemediaCe  be- 
tween gluten  and  albumen^  has  been  named 
by  Dr  John,  PoUeniru 

It  is  yellow,  without  taste  and  snieU ;  !»• 
B<rfuble  in  water,  alcohol,  ether,  fat,  and  ?ola- 
tde  oils,  and  petroleum. 

It  bums  with  flame.  On  exposure  to  air, 
it  assumes  the  smell  and  taste  of  cheese,  and 
soon  becomes  putrid  with  disengagement  of 
ammonia. 

POLYCHROITE.  llie  colouring  mat- 
ter of  saffron. 

POLYMIGNITE.  A  new  mineral  found 
sometimes  in  the  Zirconian  sienite  of  Fredrick- 
swiums.  It  is  black,  briUiaat,  and  crystallised 
in  small  prisms,  long,  thin,  with  a  rectangle, 
the  edges  of  which  are  commonly  replaced 
by  one  or  several  planes.  Sp.  gr.  4.80i6.  It 
scratches  glass,  but  cannot  be  scratched  by 
steeL  Fracture  conchoidal,  without  indica- 
tions of  cleayage.  Tlie  surface  of  the  crystals 
has  vivid  lustre,  almost  metallic.  The  frac- 
ture also  resembles  the  surface,  possessing  a 
brilliancy  far  beyond  what  is  common  in 
minerals.  At  the  blowpipe  it  suffers  no 
change.  With  borax,  it  melts  easily,  and 
forms  a  glass  coloured  with  iron.  With 
more  borax,  it  becomes  opaque  and  of  an 
onnge  colour.  Its  composition  is  extra- 
ordinary : 

Titanic  acid,  -  -  46^3 
Zirconia,  .  «  .  14.4 
Oxide  of  iron,  -  -  12.2 
Lime^        ...  4.2 

Oxide  of  manganese,        -       2.7 
Oxide  of  cerium,        -        -    5,0 
Yttria,         .         -        -         11.5 
Traces  of  magnesia,  potash, 
silica,  oxide  of  tin. 

96.3 
Berzeliust  Ann»  de  Ckim>  xxxi.  405. 
FOLYHALLITE.  A  mineral  in  masses 
of  a  fibrous  texture;  sp.  gr.  2.77;  pearly 
lustre.  Its  consfcicuents  are,  hydrous  sulphate 
of  lime  2a  25,  anhydrous  sulphate  22.42, 
anhydrous  sulphate  of  magnesia  20.03,  sul- 
phate of  potash  27.7,  muriate  of  soda  0.19, 
red  oxide  of  iron  0.34b  It  occurs  at  Ischel 
in  Ui^>cr  Austria. 

POMPHOLIX.     White  oxide  of  sine. 
PONDEROUS  SPAR.      See   Hsavy 
Spab. 
POPPY  JUICE.     See  Opium. 
PORCELAIN  EARTH.     See  Clay. 
PORCELAIN  is  the  most  beautiful  and 
the  finest  of  ail  earthen  wares., 

The  art  of  making  porcelain  is  one  of  those 
in  which  Europe  was  long  excelled  by  oriental 
nations.  Hie  first  porcelain  that  was  seen  in 
Europe  was  brought  from  Japan  and  China. 
Hie  whiteness,  transparency,  fineness,  neat- 
ness, elegance,  and  even  the  magnificence 
of  this  pottery,  which  soon  became  tlie  or- 
nament of  sumptuous  tables,  did  not  fail  to 


excite  the  sdmiratioa  and  iadiirtry  of  £iiia- 
peans. 

Father  EnCrecoUes,  miasioQary  «t  Cliiiis^ 
sent  home  a  summary  description  of  the  psv^ 
cess  by  which  the  inbabitanta  of  that  covmlij 
make  their  porcelain,  and  also  a  small  quan- 
tity of  the  materials  which  they  employ  in  ito 
composition.  He  said,  that  the  ChiBesa  oon^ 
posed  their  porcelain  of  two  ingredients^  esv 
of  which  is  a  hard  stone  or  rock,  called  by 
them  petuntse,  which  they  carefully  grind  to 
a  very  fine  powder ;  and  the  other,  called  by 
them  kaoKn,  is  a  white  earthy  substance,  vibich 
tbey  mix  intinuitely  with  the  ground  petuntseu 

Reaumur  examined  both  these  matters  ;  and 
baring  exposed  them,  aeparatdy  to  n  violent 
firsk  he  discovered  that  the  petuntse  had  fuaed 
without  addition,  and  tfiat  the  kaolin  had  given 
no  sign  of  fusibility.  He  afterward  mi-sM 
these  matters,  and  fonned  cakes  of  theoH 
which,  by  baking,  were  converted  into  porce- 
lain similar  to  that  of  China,  See  Kaoum^ 
Petuntse,  and  Potteby. 

PORCELAIN  OF  REAUMUR.  Reao- 
mur  gave  the  quality  of  porcdain  to  glaas  ; 
that  is,  he  rendered  glass  of  a  milky  colour, 
aemitransparent,  so  hard  as  to^strike  fire  with 
steel,  infiusiblc^  and  of  a  fibroua  graiiw  by 
means  of  cementatioq.  The  proceao^  wfaidi 
be  published,  is  not  difikolt.  Common  glass, 
such  as  that  of.  which  wine  bottles  are  madsk 
succeeds  beat  The  glafs  vessel  wbich  is  to 
be  converted  into  porcelain  is  to  be  cndoaed 
in  a  baked  earthen  case  or  saggar.  IVeveaael 
and  case  are  to  be  filled  with  n  cement  com* 
posed  of  equal  parts  of  sand  and  powdered 
gypsum  or  plaster;  and  tiie  whole  is  to.  ba 
put  into  a  potter's  kilo,  and  to  remain  these 
during  the  bakiqg  of  common  earthen-ware  ; 
aAer  which  the  glass  vessel  will  be  fonndl 
tiansformed  into  such  a  matter  aa  has  bean 
described. 

PORPHYRY  iff  a  compound  rock,  h»mg 
a  basis  in  which  the  other  contempotancona 
constituent  parts  are  imbedded.  "Die  baae  la 
sometimes  claystone^  sometimes  homstona^ 
sometimes  compact  fislspar;  or  pitchstnwy 
pearbtone,  and  obsidiaii.  The  imbedded 
parts  are  most  commcmly  felqpar  and  quarts 
which  are  usually  crystaUised  more  .or  leas 
perfectly,  and  hence  they  appear  aOmetimea 
granular^  According  to  Werner,  there  are 
two  distinct  porphyry  formations :  the  oldest 
occurs  in  gneiss,  in  beds  of  great  mi^nitude; 
and  also  in  mica  slate  and  clay  slate.  Be- 
tween  Blair  in  A  thole  and  Dalnacaidod^ 
there  is  a  very  fine  example  of  a  bed  of  por- 
phyiy  slate  in  mica.  Xlie  second  porphyry 
fimnation  is  much  more  widely  extended. 
It  consists  principally  of  day  porpbyiy,  wbUe 
the  former  consists  chiefly  of  bomslone  por- 
phyry and  felspar  porphyry. 

It  sometimes  contains  conaidefable  repoai- 
toriea  of  ore,  in  veins.  Gold,  silver,  lead,  fui» 
copper,  iron  and  manganese^  occur  in  it  j  but 
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chitAy  in  tbe  newer  poiphyry,  «s  happen*  with 
the  Hungarian  mines.  It  occurs  in  Amui, 
and  in  Perthshire  between  Dalnacardoch  and 
INunmel-bridge. 

PORTLAND  STONE.  A  compact 
sandatone  from  the  Isle  of  Portland.  The 
cement  is  calcareous* 

POTASH,  commonly  called  the  vegetable 
alkali,  because  it  is  obtained  in  an  impure 
stale  by  the  incineration  of  vegetables.  It 
i%  when  pure^  the  hydrated  protoxide  of 
poCaasium. 

2UZff  of  the  Salmt  Product  of  one  tkoutand 

lbs.  of  as&ee  of  thgJbUomdng  sr^toMei  :— 

Saline  produeiMt 

Stalks  of  Turkey  7    ,gg  ,. 
wheat  or  maise,  3    ^^  "^ 

Stalks     of    sun-)    049 
noweTt  y 

Vine  branches,  16&6 

Ebn,  166 

Box,  78 

SaUow,  102 

Oak,  111 

Aspen,  61 

Beech,  219 

Fir,  132 

F«.c„ti„Augu-,  naf-J^JSSt* 

Wormwood,  748 

Fumitory,  360 

Heath,  U5    Wildenheim. 

To  obtain  pure  potassa,  BerthoUet  recom- 
mends to  evaporate  a  solution  of  potash, 
made  caustic  by  boiling  with  quicklime,  till 
it  becomes  of  a  thickish  consistence;  to  add 
about  an  equal  weight  of  alcohol,  and  let  the 
mikture  stand  some  time  in  a  close  vessel. 
Some  solid  matter,  partly  crystallized,  will 
collect  at  the  bottom ;  above  this  will  be  a 
small  quantity  of  a  dark-coloured  fluid ;  and 
on  the  top  another  lighter.  The  latter,  se- 
parated by  decantation,  is  to  be  evaporated 
quickly  in  a  silver  basin  in  a  sand-heat. 
Glassy  or  almost  any  other  metal,  would  be 
corroded  by  the  potash.  Before  the  evapora- 
tion has  been  carried  far,  the  soli^ion  is  to  be 
removed  from  tlie  fire,  and  suffered  to  stand 
at  rest  i  when  it  will  again  separate  into  two 
fluids.  The  lighter,  being  poured  off,  is  again 
to  be  evaporated  with  a  quick  heat ;  and  on 
standing  a  day  or  two  in  a  close  vessel,  it  will 
deposit  tran^mrent  crystals  of  pure  potash. 
If  the  liquor  be  evaporated  to  a  pellicle,  the 
potash  will  concrete  without  regular  crystal' 
lixation.  In  both  cases  a  high-coloured  liquor 
is  separated,  which  is  to  be  poured  off;  and 
the  potash  must  be  kept  carefully  secluded 
from  air. 

A  perfectly  pure  solution  of  potash  will 
remain  transparent  on  the  addition  of  lime 
water,  show  no  effervescence  with  dilute  sul- 
phuric acid,  and  not  give  any  precipitate  on 


blowing  air  from  the  lungs  through  it  by 
means  of  a  tube. 

Pure  potash  for  experimental  purposes 
may  most  easily  be  obtained  by  igniting 
cream  of  tartar  in  a  crucible^  dissolving  the 
residue  in  water,  filtering,  boiling  with  a 
quantity  of  quicklime,  and,  after  subsidence, 
decanting  the  clear  liquid,  and  evaporating 
in  a  loosely  covered  silver  capsule  till  it  flows 
like  oil,  sjid  Uien  pouring  it  out  on  a  clean 
iron  plate.  A  solid  white  cake  of  pure  hy- 
drate of  potash  is  thus  obtained,  without  the 
agency  of  alcohol.  It  must  be  immediately 
broken  into  fragments,  and  kept  in  a  well* 
stoppered  phiaL 

As  100  parts  of  subcarfoonate  of  potash 
are  equivalent  to  about  70  of  pure  concen- 
trated oil  of  vitriol,  if  into  a  measure  tubOt 
graduated  into  100  equal  parts,  we  introduce 
the  70  grains  of  add,  and  fill  up  the  remain- 
ing space  with  water,  then  we  have  an  alkali- 
melfer  for  estimating  the  value  of  commercial 
pearl-ashes,  which,  if  pure,  will  require  for 
100  grains  one  hundred  divisions  of  the  li- 
quid to  neutndisa  them.  If  they  contain 
only  60  per  cent  of  genuine  subcarfoonate* 
then  100  grsina  will  require  cmly  60  divi- 
sions^ and  so  on.  When  the  alkalimeter  in- 
dications are  required  in  puie  or  absolute 
potash,  such  as  constitutes  the  basis  of  nitre, 
then  we  must  use  102  grains  of  pure  oil  of 
vitriol,  along  with  the  requisite  bulk  of  water 
to  fill  up  the  volume  of  the  graduated  tube. 

The  hydrate  of  potash,  as  obtained  by  the 
preceding  process,  is  solid,  white,  and  ex- 
tremely caustic ;  in  minute  quantities,  chang- 
ing the  purple  of  violets  and  cabbage  to  a 
green,  reddened  litmus  to  purple,  and  jrellow 
turmeric  to  a  reddish-brown.  It  rapidly  at- 
tracts humidity  from  the  air,  passing  into  the 
oil  of  tartar  per  deliqtdum  of  the  chemists ;  a 
name^  however,  also  given  to  the  deliquesced 
subcarfoonate.  CSiarcoal  applied  to  the  hy- 
drate of  potash  at  a  cherry-red  heat,  gives 
birth  to  carburetted  hydrogen,  and  an  alka* 
line  subcarfoonate ;  font  at  a  heat  bordering 
on  whiteness,  carburetted  hydrogen,  carbo- 
Bous  oxide^  and  potassium,  are  formed.  Se- 
veral metals  decompose  the  hydrate  of  potash 
by  the  aid  of  heat ;  particularly  potassium, 
sodium,  and  iron.  The  fused  hydrate  of 
potash  consists  of  6  protoxide  of  potassium 
-f*  1.125  water  ss  1A25,  which  number  re- 
presents the  compound  prime  equivalent.  It 
is  used  in  surgery  as  the  potential  cautery 
for  ibnning  eschars;  and  it  was  formerly 
employed  in  medicine  diluted  with  broths  as 
a  lithontriptic.  In  chemistry,  it  is  very  ex- 
tensively employed,  both  in  manufactures 
and  as  a  reagent  in  analysis.  It  is  the  basis 
of  all  the  common  soft  soaps.  The  oxides 
of  the  following  metals  are  soluble  in  aqae^ 
ous  potash  :-^I^ad,  tin,  nickel,  arsenic,  co- 
balt, manganese^  sine,  antimony,  telluriuro, 
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tiiogBteOy  moljbdenum.     For  the  sulphuret,  tbe  air.    To  tHmnate  it  nndumged,  we  must 

see  SuEJHUB.  eoclote  it  in  a  small  pbial,  with  pare  aapli- 

M.  Harkort  of  Freyberg  finds  that  potadi  tlia.    It  conducts  dectridtylike  the  miuiuju 

with  nickel  gives  a  blue  glass  bef<M«  the  metals.     When  thrown  upon  water,  it  acts 

blowpipe,  while  soda  gives  a  brown  glass,  with  great  Tiolencey  and  swims  upon  the  snr- 

So  sensible  is  this  test,  that  the  presence  of  face,  burning  with  a  beautiful  light  of  a  red 

potash  was  readily  discovered  in  the  peru  colour,  mixed  with  violet.     The  water  be- 

clinUef  a  variety  <^  felspar,  though  existing  comes  a  solution  of  pure  potash.     When 

there  in  very  small  quantity.     Tbe  absence  moderately  heated  in  the  air,   it  inflames, 

of  cobalt  must  be  ensured.  bums  with  a  red  light,  and  throws  oflT  alka- 

POTASSIUM.     If  a  thin  piece  of  solid  line  fumes.    Placed  in  ddorine^  it  spootane- 

hydrate  of  potash  be  placed  between  two  discs  ously  bums  with  great  brilliancy, 
of  i^Btinum,  connected  with  the  extremities         Chn  all  fluid  bodies  which  contain  water, 

of  a  voltaic  apparatus  of  200  double  plates,  or  much  oxygen  or  chlorine^  it  readily  acts  ; 

four  inches  square,   it  will   soon  undergo  and  in  its  general  powers  of  chemical  com- 

fusion ;  oxygen  will  separate  at  the  positive  bination,  says  its  illustrious  discoverer,  po- 

surface,  and  small  metallic  globules  will  i^  tassium  may  be  compared  to  the  alkahest  or 

pear  at  the  negative  surface.     These  form  universal  solvent,  imagined  by  tbe  akbe- 

the  marvellous  substance  potassium,  first  ex-  mists. 

hibited  to  the  world  by  Sir  H.  Davy,  early         Potassium  combines  widi  oxygen  in  diflfe- 

in  October  1807.  rent  proportions.    When  potaasium  is  gently 

If  iron  turnings  be  heated  to  whiteness  in  heated  in  common  air  or  in  oxygen,  the  re- 

a  curved  gun-barrel,  and  potash  be  melted  suit  of  its  combustion  is  an  orange-ookmred 

and  made  slowly  to  come  in  contact  with  fusible  substance.     For  every  grain  qf  die 

tbe  turnings,  air  being  excluded,  potassium  metal  consumed,  about  1^  cubic  inches  of 

will  be  formed,  and  wiD  collect  in  the  cool  oxygen  are  condensed.     To  make  the  ex- 

part  of  the  tube.     This  method  of  procuring  periment  accurately,   the  metal   should  be 

it  was  discovered  by  MM.  Gay  Lussac  and  burned  in  a  tray  of  platina  covered  with  a 

Thenard  in  1808*     It  may  likewise  be  pro-  coating  of  fined  muriate  of  potash, 
duced  by  igniting  potash  with  charcoal,  as         t^^  substance  procured  by  the  combos- 

M.  Curaudau  showed  the  same  year.  ^qh  ^  potassium  at  a  low  temperature  was 

M.  Branner,  by  acting  on  calcined  tartar  fi^  observed,  in  October  1807,  by  Sir  H. 

in  a  bottle  of  wrought  iron,  has  succeeded  in  d^^,  who  supposed  R  to  be  the  protoxide  ; 

obtaining  potassium  at  a  comparatively  mo-  but  MM.  Gay  Lussac  and  Tfaenaid,  in  1810. 

derate  heat.     The  bottle  is  spheroidal,  about  showed  that  it  was  in  reality  the  dcutoxide 

half  an  inch  in  thickness,  and  capable  of  or  peroxide.     When  it  is  thrown  into  water, 

holding  about  a  pint  of  water:  a  bent  gun-  oxygen  is  evolved,  and  a  solution  of  die 

barrel  of  10  or  12  inches  in  length  screws  protoxide  results,  constituting  common  aque. 

into  the  mouth  of  the  bottle.     The  bottle,  qus  potash.     WTien  it  is  fused,  and  brought 

well  luted  over  with  fire-clay,  is  set  in  a  in  contact  with  combustible  bodies,  they  bum 

strong  air  furnace,  so  as  the  tube  may  dip  vividly,  by  the  excess  of  its  oxygen.     If  it 

down    externaUy  beneath    the    surface    of  be  heated  in  carbonic  acid,  oxygen  is  dls- 

naphtha  contained  in  a  cylindric  copper  ves-  engaged,  and  common  subcaibonate  of  pot- 

sel,  standing  in  a  tub  containing  ice  and  ngb  is  formed. 

water.     The  top  of  the  naphtha  vessel  has  a         Mr  Phillips  found,  in  decomposing  nitre 

cover  fixed  on  it,  pierced  with  a  hole  to  r^  by  heat,  that  a  residuum  of  peroxide  of  po- 

ceive  the  end  of  the  gun-barrel ;  and  from  tassium  was  left  in  the  gun-beirel ;  for  on 

the  side  of  the  upper  part  of  the  vessel,  a  pouring  water  into  it,  oxygen  was  ev<Jved  in 

small  tube  goes  off  at  right  angles,  to  let  tlie  guch  quantity  as  to  inflame  an  ignited  sti^» 

air  and  vapours  escape.     It  is  advantageous  and  to  maintain  ita  combustion  for  some 

to  mix  a  little  ground  charcoal  with  the  tar-  time.     See  Barium,  for  an  analogous  le- 

tar  previously  calcined  in  a  covered  vessel,  in  g^it. 

the  same  iron  bottle  for  example.     Nearly         When  it  is  heated  very  strongly  upon  pla- 

300  grains  of  potassium  have  been  procured  tina,  oxygen  gas  is  expelled  from  it,  and 

by  ibis  apparatus  from  24  ounces  of  crude  there  remains  a  difficultly  fusible  substance 

tartar— 2W«ort.  Universelle,  xxii.  36.  of  a  grey  colour,  vitreous  fracture,  soluble  in 

Potassium  is  possessed  of  rery  extraordi.  ^ater  without  effervescence,  but  with  much 
nary  properties.  It  is  lighter  than  water;  heat.  Aqueous  potash  is  Uien  produced, 
its  sp.  gr.  being  0.865  to  water  1.0.  At  The  above  ignited  solid  is  protoxide  of  po- 
oomroon  temperatures  it  is  solid,  soft,  and  tassium,  which  becomes  pure  potasli  by  corn- 
easily  moulded  by  the  fingers.  At  150«>  F.  bination  with  the  equivalent  quantity  of  wa- 
it  fuses,  and  in  a  heat  a  Uttle  below  redness  ter.  When  we  produce  potassium  with  ig- 
it  rises  in  vapour.  It  is  perfectly  opaque,  nited  iron-turnings  and  potash,  much  hydro- 
When  newly  cut,  its  colour  is  splendent  white,  g^^  jg  disengaged  from  the  water  of  the 
like  Uiat  of  silver,  but  it  rapidly  tarnishes  in  hydrate,  while  the  iron  becomes  oxidised  from 
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the  ntaduarj  oxygen.  By  heating  together 
pure  hydrate  of  potash  and  boracic  acid,  Sr 
H.  Davy  obtained  from  17  to  18  of  water 
from  100  parts  of  the  solid  alkali. 

By  acting  on  potassium  with  a  very  small 
quantity  of  water,  or  by  heating  potassium 
with  ftued  potash,  the  protoxide  may  also  be 
obtained.  The  proportion  of  oxygen  in  the 
protoxide  is  determined  by  the  action  of  po- 
tassium upon  water.  8  grains  of  potassium 
produce  from  water  about  9^  cubic  inches  of 
hydrogen ;  and  for  these  the  metal  must  have 
fixed  4|  cubic  inches  of  oxygen.  But  as  100 
cubic  inches  of  oxygen  weigh  33.9  gr.,  4} 
will  weigh  1.61.  Thus,  9.61  gr.  of  the 
protoxide  will  contain  8  of  metal ;  and  100 
will  contain  8a25  metal  +  l&7d  oxygen. 
From  these  data,  the  prime  of  potassium 
comes  out  4i.969 ;  and  that  o£  the  protoxide 
5.969.  Sir  H.  Davy  adopts  the  number  75 
for  potassium,  corresponding  to  50  on  the 
oxygen  scale. 

When  potassium  is  heated  strongly  in  a 
small  quantity  of  common  air,  the  oxygen  of 
which  is  not  sufficient  for  its  conversion  into 
potash,  a  substance  is  formed  of  a  greyisli 
colour,  which,  when  thrown  into  water,  effer- 
vesces without  taking  fire.  It  is  doubtful 
whether  it  be  a  mixture  of  the  protoxide  and 
potassium,  or  a  combination  of  potassium 
vrith  a  smaller  proportion  of  oxygen  than 
exista  in  the  protoxide.  In  this  case  it  would 
be  a  sub-oxide^  consisting  of  2  primes  of 
potassium  s=  10  -^  1  of  oxygen  s  1 1. 

When  thin  pieces  of  potassium  are  intro- 
duced into  chlorine,  the  inflammation  is  very 
vivid;  and  when  potasaiuro  is  made  to  act  on 
chloride  of  sulphur,  there  is  an  explosion. 
The  attraction  of  chlorine  for  potassium  is 
much  stronger  than  the  attraction  of  oxygen 
for  the  metaL  Both  of  the  oxides  of  pota»- 
siom  are  immediately  decomposed  by  chlo* 
finei  with  the  formation  of  a  fixed  chloride, 
and  the  extrication  of  oxygen. 

The  combination  of  potassium  and  chlorine 
16  the  substance  which  has  been  improperly 
called  muriate  of  potash,  and  which,  in  com- 
mon cases,  is  formed  by  causing  liquid  mu- 
riatic add  to  saturate  solution  of  potash,  and 
then  evaporating  the  liquid  to  dryness,  and 
igniting  the  solid  residuum.  The  hydrogoi 
of  the  add  here  unites  to  the  oxygen  of  the 
alkali,  forming  water*  which  is  exhaled; 
while  the  remaining  chlorine  and  potassium 
combine.  It  consists  of  5  potassium  -f-  4f.5 
chlorine. 

Potassium  combines  with  hydrogen,  to 
form  potassuretted  hydrogen,  a  spontaneously 
inflammable  gas,  which  ccHnes  over  occa- 
sionally in  the  production  of  potassium  by 
the  guo-barrel  experiment  MM.  Gay  Lus- 
sac  and  Thenard  describe  also  a  solid  com- 
pound of  the  same  two  ingredients,  which 
they  call  a  hydruret  of  potassium.  It  is 
formed  by  heating  the  metal  a  long  while  in 


the  gas,  at  a  temperature  just  under  ignition. 
They  describe  it  as  a  greyish  solid,  giving 
out  its  hydrogen  on  contact  with  mercury. 

When  potassium  and  sulphur  are  heated 
together,  they  combine  with  great  energy, 
with  disengagement  of  heat  and  light  even 
in  vacuo.  Hie  resulting  sulphuret  of  potas- 
sium is  of  a  dark  grey  colour.  It  acts  with 
great  energy  on  water,  produdng  sulphuret- 
ted hydrogen,  and  burns  brilliantly  when 
heated  in  the  air,  becoming  sulphate  of  pot- 
ash. It  consists  of  2  sulphur  -^  5  potassium, 
by  ^  H.  Davy*8  experiments.  Potassium 
has  so  strong  an  attraction  for  sulphur,  that 
it  rapidly  separates  it  from  hydrogen.  If 
the  potassium  be  heated  in  the  sulphuretted 
gas,  it  takes  fire  and  bums  with  great  bril- 
liancy; sulphuret  of  potassium  is  formed,  and 
pure  hydrogen  is  set  free. 

Potassium  and  phosphorus  enter  into  union 
with  the  evolution  of  light ;  but  the  mutual 
action  is  feebler  than  in  the  preceding  com- 
pound. The  pbosphuret  of  potassium,  in 
ita  common  form,  is  a  substance  of  a  dark 
diocolate  colour,  but  when  heated  with  po- 
tassium in  great  excess,  it  becomes  of  a  deep 
grey  colour,  with  considerable  lustre.  Hence 
it  is  probable,  that  phosphorus  and  potassium 
are  capable  of  combining  in  two  proportions. 
The  pbosphuret  of  potassium  bums  with 
great  brilliancy,  when  exposed  to  air;  and 
when  thrown  into  water  produces  an  explo- 
non,  in  consequence  of  the  immediate  dis- 
engagement of  phosphuretted  hydrogen. 

Charcoal  which  has  been  strongly  healed 
in  contact  with  potassium  effervesces  in  wa- 
ter, rendering  it  alkaline,  though  the  char- 
coal may  be  previously  exposed  to  a  tem- 
perature at  which  potassium  is  volatilized. 
Hence,  there  is  probably  a  compound  of  the 
two  formed  by  a  feeble  attraction. 

Of  all  known  substances,  potassium  is 
that  which  has  the  strongest  attraction  for 
oxygen;  and  it  produces  such  a  condens»^ 
tion  of  it,  that  the  oxides  of  potassium  are 
denser  than  the  metal  itself.  Potassium  has 
been  skilfully  used  by  Sir  H.  Davy  and 
MM.  Gay  Lussac  and  Thenard,  for  detect- 
ing the  presence  of  oxygen  in  bodies.  A 
number  of  substances,  undecomposable  by 
other  chemical  agento,  are  readily  decom- 
posed by  this  substance.*— £/iffinCTU<  of  CfU' 
mUal  Phil,  by  Sir  If,  Davy, 

POTASSIUM  (Iodide  of).  See  Aqd 
(Hydeiodic). 

POTATO.  The  parenchyma  of  this 
root  consists,  according  to  the  analysis  of 
M.  F.  Marcet,  of  carbon  37.4^  oxygen  58.6, 
hydrogen  4s  in  100. 

POTTERY.  The  art  o£  making  pot- 
tery  is  intimately  connected  with  chemistry, 
not  only  from  the  great  use  made  of  earthen 
vessels  by  chemists,  but  also  because  all  the 
processes  of  this  art,  and  the  means  of  per* 
fecting  it,  are  dependent  on  chemistry. 
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The  proom  of  numufiMturingslone-wiref 
■oonrding  to  Dr  Watson,  is  m  follows  :«- 

Tobflooo-pipe  cUy  fixmi  Donetahire  b 
bwten  much  in  water.  By  this  proeess,  the 
finer  parts  of  the  clay  remain  suspended  in 
the  water,  while  the  coarMr  sand  and  other 
impurities  fall  to  the  bottom.  The  thick 
liquid,  consisting  of  water  and  the  finer 
paits  of  the  clay,  is  fiuther  purified  by  pass- 
ing it  through  hair  and  lawn  sieves,  of  £f> 
firait  degrees  of  fineness.  AAer  tfab  the 
liquid  is  mixed  (in  Tarious  proportions  fiir 
various  wares)  with  another  liquor,  of  as 
nearly  as  may  be  the  same  density,  and  con- 
■bting  of  flints  calcined,  ground,  and  sus- 
pended in  water.  The  mixture  is  then 
dried  in  a  kiln ;  and  being  afterward  beaten 
to  a  proper  temper,  it  becomes  fit  for  being 
formed  at  the  wheel  into  dishes,  plates,  bowls, 
&C.  When  this  ware  is  to  be  put  into  the 
furnace  to  be  baked,  the  several  pieces  of  it 
are  phuxd  in  the  cases  made  of  clay,  called 
aeggan,  which  are  piled  one  upon  another 
In  the  dome  of  the  furnace.  A  fire  is  then 
lighted,  and  when  the  ware  is  brought  to 
a  proper  temper,  which  hafpens  in  about 
fiarty-eight  hours,  it  is  glased  by  common 
•alt.  The  salt  is  thrown  into  the  furnace, 
through  boles  in  the  upper  part  of  it,  by 
the  heat  of  which  it  is  instantly  converted 
into  a  thick  vapour;  which,  circulating 
through  the  fornacey  enters  the  seggar 
through  holes  made  in  its  side,  (the  top 
being  covered  to  prevent  the  salt  from  fall- 
ing on  the  ware) ;  and  attaching  itself  to 
the  surface  of  the  ware^  it  forms  that  vitre- 
ous coat  upon  the  surface  which  is  called  its 

The  yellow  or  queenVware  is  made  of 
the  same  materials  as  the  flint-ware;  but 
the  proportion  in  which  the  materials  are 
mixed  is  not  the  same^  nor  is  the  ware  glased 
in  the  same  way.  Tbe  flint-ware  is  gene- 
rally made  of  4  measures  of  liquid  flint, 
and  of  18  of  liquid  clay.  Hie  yellow*ware 
has  a  greater  proportion  of  clay  in  it  In 
some  manufactories  they  mix  90,  and  in 
others  24  measures  of  clay,  with  4  of  flint 
These  proportions,  if  estimated  by  the  weight 
of  the  materials,  would  probably  give  for 
the  flint-ware  about  3  cwt  of  day  to  1  cwt 
of  flint,  and  for  the  yellow-ware  somewhat 
more  clay.  The  proportion,  however,  for 
both  sorts  of  ware,  depends  very  much  upon 
the  nature  of  the  clay,  which  is  very  variable 
even  in  the  iame  pit  Hence  a  previous 
trial  must  be  made  of  the  quality  of  the 
day,  by  burning  a  kiln  of  the  ware.  If 
there  be  too  much  flint  mixed  with  the  day, 
the  ware^  when  exposed  to  the  air  after 
burning,  is  apt  to  crack ;  and  if  there  be 
too  little,  the  ware  will  not  recdve  the  pro- 
per gkze  from  the  circulation  of  the  salt 
vapour. 

This  glaze^  even  when  it  is  most  perfect^ 


is  in  mppmttsam  \em  bflautifnl  ttm  Hw  glaaa 
on  the  ydlow^ware. 

The  yellow  glase  is  made  by  mixing  to^ 
gether  in  water,  till  it  becomes  aa  thick  as 
eteam,  1121b.ofwfaiteleid,241b.  ofgrvnuid 
flint,  and  6  lb.  of  ground  flint-gbHs.  fioase 
manufiwtories  leave  out  the  glasa,  and  nsx 
only  80  lb.  of  white  lead  with  20  Bk  of 
ground  flint;  and  others  doubtless  ubtsia 
different  rules,  of  which  it  is  very  diflknk 
to  obtain  an  account 

The  vrare  before  it  b  glased  b  baked  in 
the  fire.  By  thb  means  it  aoquirea  the  pn>> 
party  of  strongly  imbibing  mobtuie.  It  b 
therefore  dipped  in  the  liquid  glaae^  and 
suddenly  taken  out:  the  glaae  b  imbibed 
into  its  pores,  and  the  ware  presently  ba> 
comes  dry.  It  b  then  exposed  a  seeond 
time  to  the  fire^  by  which  means  the  glase  it 
has  imbibed  b  mdted,  and  a  thin  glassy  coat 
b  formed  upon  its  surface.  Hie  colour  of 
thb  coat  b  more  or  less  yellow,  acumdiiig  as 
a  greater  or  less  proportion  of  lead  has  been 
used.  The  lead  b  principally  instmrneiiCal 
in  producing  the  glase»  as  well  as  in  giving 
it  the  yellow  colour;  for  lead,  of  all  the 
substances  hitherto  known,  has  the  giertest 
power  of  promoting  the  vitrification  of  ifaa 
iubetanoes  with  whidi  it  b  mixed.  The  flint 
serves  to  give  a  oonsistenee  to  the  lead  dm^ 
ing  the  time  of  its  vitrification,  and  to  hiiw 
der  it  fh>m  becoming  too  fiuid,  and  running 
down  the  sides  of  the  ware^  and  tfaeicby 
leaving  them  unglased. 

Tbe  3rellowish  colour  which  lead  gives 
when  vitrified  with  flints,  may  be  wholly 
changed  by  very  small  additions  of  other 
mineral  subetances.  Thus,  to  give  one  in- 
stance, the  beautiful  black  gbse,  which  b 
fixed  on  one  sort  of  the  ware  made  at  Not- 
tingham, is  composed  of  81  parts  by  weight 
of  white  lead,  of  5  of  powdered  flints,  and 
of  3  of  manganese.  The  queen's-ware  at 
present  is  much  whiter  than  formeriy. 

The  coarse  Btona*ware  made  at  Bristol  con- 
sists of  tdhacco-pipe  day  and  sand,  and  b 
glased  by  the  vapour  of  salt,  like  Staflbrd- 
shire  flint- ware;  but  it  b  fkr  inferior  to  it  in 
beauty. 

POTENTIAL  CAUTERY,  Caustic 
potash. 

POTSTONE,  Oft  LAPIS  OLLARI& 
Colour  greenisb-gt«y ;  mnssive^  and  in  gm- 
nular  concretions;  glistemng;  Iraotnre  curr« 
ed,  fbliated ;  translucent  on  the  edgca ; 
streak  white;  soft;  sectile;  feds  greasy; 
somewhat  tough ;  sp.  gr.  8.8.  Ita  consti- 
tuents are,  silica  39^  magnesu  16^  oxide  of 
iron  10,  carbonic  add  80^  water  10.  It  oc- 
curs in-thick  beds  in  primitive  slate.  It  b 
found  abundantly  on  the  shores  of  the  lake 
Como  in  Lombardy.  It  is  fashioned  into 
culinary  vessels  in  Greenland.  It  Is  a  sob- 
spedes  of  the  rhomboidal  mica  of  Ph>flBSSor 
Jameson. 
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POWD£R  OF  ALOAROTH.  TIm 
while  oxide  of  eotimony,  thra^vn  dowa  flrom 
the  muriate  by  water. 

PRASE.  Colour  leek'-green ;  roasnvc^ 
seldom  crjatallixed.  Its  forms  are,  the  six- 
sided  prism,  and  the  six-sided  pyramid; 
lustre  shining ;  fracture  conohoidal ;  tnu»> 
lucent;  hard;  tough;  sp.  |^.  &67.  lis 
conalatiienls  are,  dba  9S.£^  alnolinav  with 
■i^gBeBi%  0.5,  and  oode  of  iron  l.««« 
BuekoU,  It  occurs  in  mineral  beds  com-, 
posed  of  magnetic  ironstone,  galena,  frc. 
It  is  found  in  tiie  island  of  ^ite^  asd  in 
Bonrodalew 

PRECIPITANT^  See  Mbtals,  and 
Mineral  Watbbs. 

PRECIPITATE,  AND  PRECIPITA- 
TION.  When  a  body  diasolTed  in  a  fluid 
is  either  in  whole  or  in  perl  made  to  sepa- 
rate and  fall  down  in  the  concrete  state, 
this  falling  down  is  called  precipitation,  and 
the  matter  thus  separated  is  called  a  pre- 
cipitate. See  WaXebs  (Minbbal),  and 
Mexaia 

PRECIPITATE,  perts.  Red  oxide  of 
mereuiy,  by  heat. 

PREHNITE.  Prismatic  prehnile ;  of 
which  there  are  two  sub-species,  the  foliated 
and  the  fibrous. 

1.  FoluUed.  Colour  apple-green ;  mas- 
wi9f  in  distinct  concretions,  and  sottetimes 
crystalliied.  The  primitive  form  is  an 
oblique  fouiHuded  prism  of  109>  and  77^ : 
the  secondary  forms  are,  an  oblique  four- 
sided  table,  an  irregular  eight-sided  table,  an 
Irregular  six-sided  table,  and  a  broad  rect- 
angular four-sided  prism ;  shining ;  fracture 
fine-grained  uneven;  translucent;  hardness 
fimn  fdspar  to  quarta;  easily  frangible ; 
•p.  gr.  2.6  to  3kO.  It  melts  with  intumes- 
CCDoe  into  a  pale  green  at  yettow  glass.  It 
does  not  gelatinise  with  acids.  Its  consti- 
tuents ara,  silica  4<3.83,  alumina  30.33» 
lime  ia33,  oxide  o(  iron  5.6^  water  l.Sa 
*^Klapnth*  It  occurs  in  France^  in  the 
Alps  of  Savoy,  and  in  the  I^roL  It  is 
said  to  become  dectric  by  beating.  Beau- 
tiful varieties  are  found  in  the  interior  of 
Southern  Africa. 

%  Fibrota  PrebnUe,  Colour  siskin^* 
green  ;  massive,  in  distinct  concretions,  and 
eryslalQaed  in  acicular  ibur-sided  prisms; 
glistening,  pearly  ;  translucent ;  easily  fhm* 
gible ;  sp.  gr.  ^89.  It  melts  into  a  vesi- 
cular enameL  It  becomes  electric  by  heat- 
ing. Its  constituents  are,  silica  42.5^  alu- 
mina 28.5,  lime  20.44^  natron  and  potash 
0.75,  oxide  of  iron  3,  water  2.— -Xau^iirr. 
It  occurs  in  veins  and  cavities  in  trap-rocks 
near  Beith  in  Ayrshire,  Bishoptown  in  Ren- 
frewshire, at  Hsrtfield  near  ^sley,  and  near 
Frisky-hall,  Old  Kilpatrick;  m  the  tnp- 
rocks  round  Edinburgh,  &c. 

PRINCE'S   METAL.      A  species  of 


copper  alloy,  in  which  the  proportion  of  sine 
is  more  considerable  than  in  brass. 

PROSTATE  CONCRETIOM&  See 
Calcuu.      / 

PROTHEEITE.  A  new  mineral  spe- 
cies diacovcped  in  the  valley  of  the  Ziller- 
thai  in  the  TyroL  It  occurs  in  rectangular 
prisms,  the  fiices  being  striated  longitudinal- 
ly ;  nearly  opaque  in  large  specimens,  trans- 
lucent in  smaller ;  colour  chrysolite-green  or 
white ;  lustre  between  glass  and  diamond : 
it  is  heavy ;  scratches  glass ;  infusible  before 
the  blowpipe;  electric  by  friction. 

PRUSSIAN  ALKALI.  See  Aci» 
(Fe&rocyanic). 

PRUSSIAN  BLUE.  See  Iaon  and 
the  above  Acio. 

PRUSSIC  ACID.     See  AcaD  (Hyjd&o- 

CYANIC). 

PSEUDOLITE.  A  mineral  having  a 
close  affinity  to  the  peeudomorphous  crystals 
of  steatite— ^nnab  <lfPhiL  x.  dl4i. 

PULMONARY  CONCRETIONS  con- 
sist  of  carbonate  of  lime,  united  to  a  mem- 
branous or  animal  noatter.  By  Mr  Comp- 
ton*s  analysis,  Phil.  Mag.  vol.  xiiL  100  parts 
contain. 

Carbonate  of  lime,  82 

Animal  m^ter  and  water,  18 

Disesse  proceeding  from  this  cause,  (and  I 
believe  it  to  be  a  frequent  prelude  and  con- 
comitant of  ulcerated  lungs),  might  be  pro- 
bably benefited  by  the  regular  inhalation  of 
aqueous  vapour  mixed  wi<h  that  of  acetic 
acid  or  vinegsr. 

PUMICE.  A  mineral  of  which  Ihere 
are  three  kinds,-*the  glassy,  common,  and 
porphyritic. 

1.  Giastg^  Pumiee*  Colour  smoke-grey ; 
vesicular;  glistening,  pearly;  fracture  pnK 
miscuous  fibrous ;  translucent ;  between 
hard  and  semi-hard ;  very  brittle ;  feels 
rough,  sharp,  and  meagre;  sp.  gr.  0.S79 
to  h4i.  It  occurs  in  beds  in  de  Iiipari 
Islands. 

2.  Common  Pumice.  O^our  nearly  white  ; 
Tesicular ;  glimmerings  pearly ;  fractuns 
fibrous;  translucent  on  the  edges;  qemt 
hard ;  very  brittle ;  meagre  and  rough ;  sp* 
gr.  0.752  to  0.914.  It  melts  into  a  grey- 
coloured  slag.  Its  constituents  are,  silica 
77.5,  alumina  I7.5»  natron  and  potash  3, 
iron  mixed  with  manganese  1.16,^JClaproth* 
It  occurs  with  the  preceding. 

&  Porphjfritie  Pumice,  Colour  greyish- 
white;  massive;  minutely  porous;  glim- 
mering and  pearly  ;  sp.  gr.  1.661.  It  coo- 
tains  crystals  of  felspar,  quarts,  and  mica. 
It  is  associated  with  daystone,  obsidian, 
pearlstone,  and  pitchstone  porphyry.  It  oc- 
cun  in  Hungary,  at  Tokay,  &c 

PURPLE  OF  CASSIUS.     See  Tin. 

PUS.     The  fluid  of  ulcers  or  abscesses. 

PUTREFACTION.     The  spontaneous 


PTROCHX^ORE.                   696  PYROMETER. 

decompoiilioa  of  mch  aiiiiiial  or  vegetable  it  cryitdiiKs  io  regular  octiohedmM}  ^ 

matten  as  exhale  a  feCid  anieU,  b  called  pu-  gr.  4b2 :  aciaHcheB  fluor-apar,  but  is  scnicfaed 

trafactioD.     The  solid  and  fluid  matten  are  by  felspar ;    streak  brown ;    fracture  oas* 

resolved  into  gaseous  compounds  and  va-  choidal,    witfaoQt   any  traee  of    ckwrage; 

poun  wbicb  escape,  and  into  an  eartfay  reai-  lustre  beHwwBi  vitreous  and  wsinoiw.      It 

doum.      See  Adoocbbe  and   Febmenta-  oonasis  of  tkanie  acid  62.7S,  Hase  lSL85p 

Tiov,  of  which  genut  putrefaction  is  merely  oxide  of  uranium  5. 18^  oxide  of  leiiiiaa 

aspedes.     As  the  graod  resolvent  of  organic  6^80^  oxide  of  mangawwe  2,1a,  oxide  of 

matter  is  water,  its  abstraction  by  drying,  or  iron  2, 16,  oxide  of  sine  0,61,  vrasor  4bS^ 


6xation  by  cold,  by  salt,  sugar,  spices,  &c.  fluoric  add  undetermined,  magnesia  a  tnee^ 

will  counteract  the  process  of  putrefaction.  ^  97.30. 

The  atmospheric  air  is  also  active  in  putre-         PYROGOM.     A  variety  of  diopade, 
£u:tion ;  hence  its  exclusion  fevoun  the  pre-         PYROMETER.     The  most  cdcbnted 


servation  of  food,  on  which  principle  some  instrument  for  measuring  high  tem] 

patents  have  been  obtained.  is  that  invented  by  the  late  Air  W^gewood, 

PUZZOLANA.      A  kind  of  volcanic  founded  on  the  principle,  that  day  progre»* 

ashes  found  at  Vesuvius,  Pompeii,  Sec  used  sively  contrsctB  in  its  dimensions,  aa  it  is  pro- 

in  water-nxirtar,  or  in  hydraulic  lime.     The  gresuvely  exposed  to  faif^ier  degrees  of  heaf 

red  or  white  ashes  are  reckoned  the  best.  He  formed  his  white  porcelain  daj  infea 

These  ashes  need  to  be  mixed  with  lime,  snudl  cylindrical  pieces,  in  a  mould,  vrfakihr 

(See  Gememto.)     M.  Bruyere  fipds,  that  an  when  they  were  baked  in  a  dull  red  beat. 

excdlent  artifidal  puszolana  may  be  obtain-  just  fitted  into  the  opening  of  two  beam 

ed  by  heating  a  mixture  of  three  parts  clay  ban,  fixed  to  a  brass  plate,  so  as  to  tbaa  a 

and  one  part  slacked  lime,  by  measure^  for  tapering  qpace  between  tiiem.     This  space 

some  hours  to  redaam.'—'jtnnales  de  liineSf  is  graduated ;  and  the  fardier  the  pyronnebie 

ix«  650.  -  day  gauge  can  enter,  the  greater  heat  does 

PYRALLOLIT.      A  new  mineral  be-  it  indicate.     Hie  two  converging  rules  are 

longing  to  the  talc  family,  found  in  the  lime  placed  at  a  distance  of  0.5  of  an  inch  at  Um 

quarry  of  Stoigard,  at  the  "point  of  Parges  commencement  of  the  scaler  and  of  0.3  at 

in  Finland.     It  has  the  singular  property  of  the  end. 

blackening  before  the  blowpipe  at  a  low  red         Mr  Wedgewood  sought  to  establish  a  cor- 

heat,  and  of  afterwards  becoming  white  at  a  respondence  between  the  indications  of  liia 

higher  temperature.     It  occurs  crystallised  pyrometer  and  those  of  the  mercurial 

in  quadrangular  prisms,  of  wbicb  the  angles  meter,  by  employing  a  heated  rod  of  sili 

are   94fi  36^  and  85^  24/ ;    surface  dull ;  whose  expansions  he  measuredy  as  their 

lustre  greasy ;  fracture  dull  earthy ;  sp.  gr.  necting  link.     The  clay  piece  and  silrer  rod 

2.57 ;  in  powder  phosphorescent  with  heat,  were  heated  in  a  muffle, 
emitting  a  bright  bluish  light.     Ito  consti-         When  the  muffle  appeared  of  a  haw  red 

tuenta  are^   silica  56.62,  magnesia  23.38,  heat,  such  as  was  judged  to  come  fuUy 

alumina  13.38,    lime  3*38,   protox.  man-  in  the  province  if  his  thermometer,  it 

ganese  0.99,  peroxide  of  iron  0.09,  water  drawn  forward  toward  the  door  of  the  oiven; 

&58»  Intuminous  matter  and  loss  6.38»  in  and  ito  own  door  bang  then  nimbly  opened 

100.— Jf.  JuUn,  Annak  of  PhU.  L  235.  by  an  assistant,  Mr  Wedgewood  pinbed  the 

PYRENEITE.     Colour  greyisli-black  ;  silver  piece  as  far  as  it  would  go.     But  as 

massive,  and  crystallized  in  rhomboidal  do-  the  division  which  it  went  to  could  not  be 

decahedrons;    glistening^    and    metal-like ;  distinguished  in  that  ignited  state,  thei 

fracture  uneven ;    opaque ;    hard  ;    sp.  gr.  was  lifted  out  by  means  of  an  iron  rod 

2.5?      It  tpelta  with  intumescence  into  a  through  two  rings  made  for  tfaat  purpose^ 

yellowiah-green  vesicular  enamd.     Its  con-  with  care  to  keep  it  steady,  and  avoid  any 

stituento  are,  silica  43,  alumina  16,  lime  20^  shake  that  might  endanger  the  displacing  of 

oxide  of  iron  16,  water  ^-^VauqueUn,    It  the  silver  piece. 

occurs  in  primitive  limestone,  in  the  Pic  of        When  the  muffle  was  grown  suffidentiy 

Erea-Lids,   near   Bareges,   in   the   French  cold  to  be  examined,  he  noted  die  degree  oif 

Fjrrenees.  expansion  which  the  silver  piece  stood  at,  and 

PYRITES.    Native  compounds  of  metal  the  degree  of  heat  shown  by  the  tbermomelcr 

with  sulphur.     See  the  particular  metallic  pieces  measured  in  their  own  gauge ;  then 

Ores.  returqed  the  whole  into  the  oven  as  beibRp 

PYROCHLQRE.      Tliis  new  mineral  and  repeated  the  operation  with  a  stronger 

occurs  in  the  neighbourhood  of  Fredrick-  heat,  to  obtain  another  point  of  correapon- 

switrn   in    Norway,    in   sirpon-syenite.      It  dence  on  the  two  scales. 
is  so  called,  because  it  becomes  yellow  be-         The  first  was  at  2\^  of  his  thermometer, 

fore  the  blowpipe,  whereas  polymignite  re-  which  coindded  wi di  66^  of  the  interme- 

tains  ito  black  colour.     The  new  minersl  is  diate  one ;  and  as  each  of  theae  last  had 

reddiflh-brown,  and  on   the   fresh   fracture  been  before  found  to  contain  20*^  of  FUi- 

olmost  black  j  in  thin  splinters  translucent ;  rcnheit*s,  the  66  will  contain  1320 ;  to  wfaicli 
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add  50^  the  degree  of  bis  ecale  to  wUch  the 
(0)  of  the  intermediate  thermomeCer  was 
adjusted,  and  the  sum  1370  will  be  the  de- 
gree of  Fahrenheit's  corresponding  to  his  d^^. 
The  second  point  of  coincid«ice  was  at 
6^<>  of  his,  and  98^  of  the  intermediate ; 
wliich  92  being,  according  to  the  above  pro- 
portion, equi^ent  to  1840  of  Fahrenheit, 
add  50  as  before  to  this  number,  and  his  6^^ 
is  found  to  fall  upon  the  1890th  degree  of 


0<> 


It  appears  hence^  that  an  interval  of  four 
degrees  upon  Mr  Wedgewood's  thermometer 
is  equivalent  to  an  interval  of  520^  upon  that 
of  Fahrenheit;  and,  consequently,  one  of  the 
former  to  130<>  of  the  latter;  and  that  the  (0) 
of  Mr  Wedgewood  corresponds  to  1077^<*  of 
Fahrenheit. 

FVom  these  data  it  is  easy  to  reduce  either 
scale  to  the  other  through  their  whole  range ; 
and  from  such  reduction  it  will  appear,  ^t 
an  interval  of  near  4f80^  remains  between 
them,  which  the  intermediate  thermometer 
serves  as  a  measure  for;  that  Mr  Wedge- 
wood's  includes  an  extent  of  about  32,000 
of  Fahrenheit's  degrees,  or  about  54  times  as 
much  as  that  between  the  freesing  and  boil- 
ing points  of  mercury,  by  which  merairiai 
ones  are  naturally  limited ;  that  if  the  scale  of 
Mr  Wedgewood's  thermometer  be  produced 
downward  in  the  same  manner  as  Fahrenheit's 
has  been  supposed  to  be  produced  upward,  for 
an  ideal  standard,  the  freeiing  point  of  water 
would  (all  neariy  on  8<»  below  (0)  of  Mr 
Wedgewood's,  and  the  freexing  point  of 
mercury  a  little  below  8^^  ;  and  that,  there- 
fore, of  the  extent  of  now  measurable  heat» 
there  are  about  5-lOths  of  a  degree  of  his 
scale  from  the  freesing  of  mercury  to  the 
freesing  of  water ;  8°  ih>m  the  freesing  of 
water  to  iuU  ignition ;  and  leO**  above  this 
to  the  highest  degree  he  has  hitherto  attained. 

Mr  Wedgewood  condodes  his  account 
with  the  following  table  of  the  effecU  of 
heat  on  different  substances,  according  to 
Fahrenheit's  thermometer,  and  his  own. 

Ahr.     Wedg. 

Cast-iron  melts  17977     ISO 

Grsatestheatofacom-  I  iryoo'?     i9«i 

mon  smith's  forge    p^^^'     ^^ 

^^|^^"^'~°i^3427      95 

Welding  heat  of  iron,  )  12777      90 
least  5 


947 

600 

212 

97 

32 

0 

^40 


—  1 


6T75Tn5' 


8tV^ 


Fme  gold  melts       -  5237  32 

Fme  silver  melts      -  4717  28 

Swedish  copper  melts  4587  27 

Braasmelto  -  3807  21 
Heat  by   which   his  y 

enamel  colours  are  >  1857  6 

burnt  on  j 


Red  beat  fuUy  visible  ) 
in  the  dark  ) 

Mercury  boils 
Water  boils 
Vital  heat 
Water  freezes 

Phx)f  spirit  freezes 

The  poiat  at  which  mer-' 
cury  congeals,    conse- 
quently   the   limit    of 
mercurial     thermome- 
ters, about 

« 

In  a  scale  of  hsat  drawn  up  in  this  man- 
ner, the  comparative  extents  of  the  different 
departments  of  this  grand  and  universal  agent 
are  rendered  conspicuous  at  a  single  glance  of 
the  eye.  We  see  at  once,  for  instance,  how 
small  a  portion  of  it  ia  concerned  in  animal 
and  vegetable  life,  and  in  the  ordinary  opera- 
tions of  nature.  FVom  freesing  to  vital  heal 
is  barely  a  five-hundredth  part  of  the  scale  | 
a  quantity  so  inconsiderable^  reUtively  to  the 
whole,  that  in  the  higher  stages  of  ignition 
ten  times  as  much  might  be  added  or  taken 
away  without  the  least  difference  being  dis- 
cernible in  any  of  the  appearances  from  which 
the  intensity  of  fire  has  hitherto  been  judged 
of.  Henoe,  at  the  same  time^  we  may  be 
convinced  of  the  utility  and  importance  of  a 
physical  measure  for  these  higher  degrees  of 
heat,  and  the  utter  insufficiency  of  the  com- 
mon means  of  discriminating  and  estimating 
thdr  force.  Mr  Wedgewood  adds,  that  he 
has  often  found  differences,  astonishing  when 
considered  as  a  part  of  this  scale,  in  the  heats 
of  his  own  kilns  and  ovens,  without  bsing 
perceivable  by  the  workmen  at  the  time,  or 
till  the  ware  was  taken  out  of  the  kiln. 

Since  dry  air  augments  in  volume  3-8ths 
for  180  degrees,  and  since  its  progressive 
rate  of  expansion  is  probably  unifimn  by  uni- 
form increments  of  heat,  a  pyrometer  might 
easily  be  constructed  on  this  principle.  Form 
a  bulb  and  tube  of  platinum,  of  exactly  the 
same  form  as  a  thermometer,  and  connect 
with  the  extremity  of  the  stem,  at  right 
angles,  a  gbss  tube  of  uniform  calibre^  filled 
with  mercury,  and  terminating  below  in  a 
recurved  bulti,  like  that  of  the  Italian  baro* 
meter.  Graduate  the  ghtts  tube  into  a  series 
of  spaces  equivalent  to  3-8ths  of  the  total 
volume  of  the  capacity  of  the  platiua  bulb, 
with  3-4ths  of  its  stem.  The  other  fourth 
may  be  supposed  to  be  little  influenced  by  the 
source  of  beat.  On  plunging  the  bulb  and 
2-3ds  of  the  stem  into  a  furnace,  the  depres- 
sion of  the  mercury  will  indicate  the  degree 
of  heat.  As  the  movement  of  the  column 
will  be  very  considerable,  it  will  be  scarcely 
worth  while  to  introduce  any  correction  for 
the  change  of  the  initial  volume  by  barome- 
tric variation.     Or  the  instrument  might  be 
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made  with  the  recurvvd  bulb  mtltd,  at  in 
FhifeHor  Leslie's  differential  tbcrnmmetera. 
Hie  glass  tube  may  be  joined  by  Insiao  to 
the  platinum  tube.  Care  must  be  taken  to 
let  no  mercury  enter  the  platinum  bulK 
Should  there  be  a  mechaniod  difficulty  ill 
making  a  bulb  of  this  metal,  then  a  hollow 
€7linder  €»r  ^  inch  diameter,  with  a  platinum 
stem,  like  that  of  a  fofaaooo-pipe,  screwed  into 
it,  will  suit  equally  wdL 

PTROPHORU&     By  this  name  is  de^ 
noted  an  artificial  product,  which  takes  fire 
or  becomes  ignited  on  exposure  to  the  air. 
Hence^  in  the  German  language,  it  has  ob- 
tained the  name  of  lufUzunder,  or  air-tinder. 
It  is  prepared  from  alum  by  cakination,  with 
the  addition  of  various  infiammable  swlwtan« 
ees.    Hombeig  was  the  firat  wlio  obtained  it, 
which  he  did  accidentally  in  the  year  J680^ 
flrom  a  mixture  of  human  excrement  and 
alum,  upon  which  he  was  operating  by  fin. 
Ibt  preparation  is  managed  in  the  follow- 
ing manner.    Three  parts  of  alum  are  mixed 
with  two  parts  of  honey,  or  one  of  flour  or 
Migar ;  and  this  mixtora  Is  dried  orer  the  fire 
in  a  glased  bowl,  or  an  iron  pan,  diligently 
Mining  it  all  the  while  with  an  iron  spatula. 
At  first  this  mixtura  melts,  but  by  d^jrees  it 
becomes  thicker,  swells  up,  and  at  hist  runs 
into  small  dry  lumps*     These  are  triturated 
to  powder,  and  once  more  roasted  over  the 
fire^  till  there  is  not  the  least  moisture  re- 
maining in  them,  and  the  operator  is  wdl 
assured  that  it  can  liquefy  no  more:   the 
mass  now  looks  like  a  Uackish  powder  of 
cbarooaL     For  the  sake  of  avoiding  the  pre- 
vious above-mentioned  operation,  from  four 
to  five  parts  of  burnt  alum  may  be  mixed 
ditvetly  with  two  of  charooal  powder.     This 
powder  is  poured  into  a  phial  or  matrsss,  with 
a  neck  about  six  inches  long.     The  phial, 
which  however  must  be  filled  three-quarters 
Ibll  only,  is  then  put  into  a  crucible^  the  bot- 
tom of  which  is  covered  with  sand ;  and  so 
taiudi  sand  is  put  round  the  Ibrmer,  that  the 
tipper  part  of  its  body  also  is  covered  with  it 
to  the  height  of  an  inch :  upon  this  tlie  cru- 
dble,  with  the  phial,  is  put  into  the  fumao^ 
and  surrounded  with  red-hot  coals.     The  Bn 
being  now  gradually  increased  till  the  phial 
becomes  red  hot,  is  kept  up  for  the  qrace  of 
rixmt  a  quarter  of  an  hour,  or  till  a  black 
amoke  ceases  to  issue  from  the  mouth  of  the 
phial,  and  instead  of  tfils  a  sulphureous  va-. 
pour  exhales,  which  commonly  takes  fire^ 
Hie  fire  is  kept  up  till  the  blue  sulphureous 
fisme  is  no  longer  to  be  seen  :  upon  this  the 
Calcination  must  be  put  an  end  to,  and  the 
{filial  closed  for  a  short  time  with  a  stopper 
of  day  or  loam.     But  as  soon  as  the  vend 
Is  become  so  cool  as  to  be  capable  €)t  being 
held  in  the  hand,  the  phial  is  taken  out  <^ 
the  sand,  and  the  powder  contained  in  it 
transferred  as  fast  as  poasible  from  the  phial  . 


into  a  dry  and  ttout  glsM  omde 
must  be  secured  with  a  glass  aloppcr. 

We  have  made  a  very  good  pyropbonia  by 
simply  mixing  three  parts  of  alum  with  ena 
of  wheat-flour,  calcining  them  in  a 
phial  till  the  blue  flame  disappeaivd; 
have  hapt  it  in  the  same  phial,  wdl 
with  a  good  oork,  when  cokL 

If  this  powder  be  exposed  to  the 
the  aiilphuret 


the  carbonaceous  matter  mii^ed  witb  it^ 

Dr  Gobd  states,  that  when  tartrate  of  lead 
is  heated  in  a  glass  tubc^  a  very  peiftet  and 
beautiful  pyrophorus  is  produoed*  'When 
some  of  the  dark  brown  Duns  thoa  fannad  is 
shaken  out  into  the  air,  it  inrnwdiaicly  im- 
flames,  and  brilliant  globules  of  lend  cover 
the  Ignited  siirfiu» :  some  of  these  rhnnging 
by  degrees  into  litbaige^  off*er  a  curioua  ap- 
pearance. The  ignition  oont 
longer  than  with  other  pyrophori ;  which 
cumstanoe^  with  the  ftdli^  of  prapantioi^ 
may  make  this  a  convenient  metiiod  of  ob- 
taining fire.  The  inflammation  of 
substances^  Dr  Gobel  remarks,  baa 
tribuled  piindpally  to  the  preeenoe  of 
sium;  but  this  new  body  affbida  a 
that  other  metallic  compounds  an  Mumtptiblr 
of  epontaneous  inflammation  on  the  abeca- 
sion  of  air. 

Dr  Hare  prqMues  pyrophorus,  by  hf  ling 
for  an  hour,  to  a  bright  cheRy-red,  in  asi 
iron  tube^  a  mixture  of  3  parte  lamp-black* 
4  caldned  alun^  and  8  pearl  ashea. 
well  made,  and  poured  out  upon  _ 
plate,  (especially  if  breathed  upon),  it  kindles 
with  a  series  of  small  explosian% 
like  those  produced  by  throwing 
upon  water.  There  is  even  danger  to  the 
fiboe,  from  the  number  and  rapidity  of  these 
explosions.  A  ramrod,  <m  being  tfamst 
down  into  a  tube  containing  this  pyra|dMK 
nis,  was  prqjected  vrith  much  violenes^  and 
several  jets  of  fire.-^SIttftaum's  Jaunmi,  x. 
366. 

M.  Gay  Lussac  finds,  that  a  mixture  of 
one  part  of  lamp-black,  and  two  of  sulpfaato 
of  potash,  ignited,  affords  a  pyrophoraa  so* 
combustible  as  not  to  bear  transfefrii^  vritiiP' 
out  difficulty  and  danger.  Sulphate  of  aod^ 
in  equivalent  proportions,  gave  an  equally 
powerful  pyrophorus,  but  sulphate  of  baryta 
did  not.  The  new  pjrropborus  owes  its  su- 
periority over  that  commonly  prepared,  to  its 
more  intimatdy  divided  states  to  the  abaenoe 
of  inactive  earthy  matter,  and  the  snalki' 
proportion  of  sulphur.  Sulphuret  of  potra- 
sium  a  the  essentially  active  ingredient  in 
the  new  pyrophorus.  It  does  not  require  a 
moist  atmosphere^  but  bums  equally  weU  in 
dry  air. 

PYROPE.     A  sub-species  of 
dral  gainet.      Colour  dark  blood-red, 


QUACK  MEDICINES. 


QUACK  MSDICmfia 


iiwiiftw  fAMvidi  bv  truanilttid  Vslil:  in 
grains;  splendent;  fracture  conohoidAls 
tnoi|MureDt;  rafraieto  double;  scratches 
quatts  more  veedily  thm  predous  garnet ; 
sp.  gr.  3.718.  Its  constituents  arev  tiUce 
U^  alomine  86.5^  magnesia  10^  lime  d.5^ 
oxide  of  iron  16i.5^  of  manganese  0.25,  oxide 
of  vhrome  %  loss  \Mo.—^£laproth,  It  oo* 
curs  in  trap->tuff  at  Ely  in  FiAshire^  and 
in  claystone  in  Cumberland.  At  Zeblltx, 
Saxony,  it  is  imbedded  in  serpentine.  It  is 
highly  valued  as  a  gem  in  jewellery. 

PYROPHYSALITE.     See  Pbtbautb. 

PYROSMALITE.  Colour  liver-brown, 
inclining  to  pistachio-green;  in  lameUar 
eoncretiobs,  and  in  regular  six-sided  pcisaia^ 
or  the  same  truncated ;  shining ;  ftacture 
uneven;  translucent;  eemi-hvd;  streak 
brownish-white ;  brittle ;  sp.  sr.  3.08.  It 
ia  insoluble  in  water,  but  solubb  in  muriatic 
add  with  a  small  redduum  of  silica^  It 
gives  out  vapours  of  chlorine  beAxe  the 
blowpipe,  and  becomes  a  magnetic  oxide  of 
iron.  Its  constituents  arey  peroxide  of  iron 
81«81y  protoxide  of  manganese  81.14^  sub- 
muriate  of  iron  14.09,  dlica  35.86^  Ume 
1.81»  water  and  loss  5.9. — BiHnger.  It 
ocoitn  in  a  bed  of  magnetic  ironstone,  along 
vdth  calcareous  spar  and  hornblende,  in 
Bjdke*s  mine  in  Nordmark,  near  Fhilipstadt 
in  Wermeland.  It  is  a  very  singular  com- 
pound. 

PYROTARTARIC  ACID.     See  Acm 

(PnOTARTABIC). 

PYROXENE.     Augite. 

PYROXILIC  SPIRIT.  Mr  TViykMr 
describes,  in  the  60th  volume  of  the  Philo- 
sophical Magatine»  p.  315.  a  liquid  which  he 
dbtained  from  the  distillation  of  wood,  which 
he  called  Pyrdigneous  Ether.     H^  sub- 


Mmee  has  been  dnce  examined  by  MM. 
Macaire  and  Biareet  of  Geneva,  who  have 
called  it  PyroxiUc  spirit. 

It  is  transparent,  colourless,  of  a  strong 
etiiereotts  odour  slightly  resembling  that  of 
ants:  its  taste  Is  hot  and  strong,  leaving  a 
flavour  of  essence  of  mint;  its  sp.  gr.  is 
0.883;  boiling  point  about  \b^  F.  Its 
slightly  add  properties  are  due  to  a  fitde 
acetic  add.  It  bums  away  entirely  vrith  a 
perftctly  blue  flame.  Alcohol  dissolves  it 
in  all  proportions,  but  water  separates  it 
again.  It  forms  merely  an  emulsion  with 
wtter.  It  does  not  combine  with  oil  of  tur- 
pentinok  It  dissolves  camphor,  but  not  oUv^ 
oiL     It  also  dissolves  pure  potash. 

A  kind  of  ether  may  be  formed  by  the 
action  of  nitric  add  and  chlorine  on  it, 
which  diowB  its  analogy  to  alcohol.  The 
pyroacetic  spirit  of  Chenevix,  (see  SnBn 
Pyboacbtic),  difiers  ftom  this  liquid  in 
having  a  lower  spedfic  gravity^  0.786; 
in  taste  and  smell ;  in  burning  with  a  white 
flame ;  aftd  in  bdng  quite  sohible  in  dl  of 
turpentine. 

Pyroxilic  spirit  consist^  in  100  parts,  of 

Ceibon,      44.53  :s  6  atoms. 

Oxygen,     46.61  as  4 

Hydrogen,   9.16ss7 
^rroacetic  spirit  of  Chenevix  consists  of 

Carbon,      55.80  sa  4  atoms. 

Oxygen,     36.50  as  8 

Hydrogen,   8. 80 sad 
Alcohol,  sp.  gr.  0.880,  consists,  in  100|  of 

Carbon,        4a8s:3atom8. 

Oxygen,       39.9  ss  8 

Hydrogen,    1 1 .3  sb  5 
There  is  some  mistake   in  printing  the 
atomic  numbers.— J9ift/io#/i«^utf   UnwerteUet 
and  Journal  ofSdtncey  xviL  171. 
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QUACK  MEDICINE&  The  follow, 
ing  formula  for  the  preparation  of  certain 
quack  medicines  have  been  published  by  Dr 
iViris^  in  his  valuable  Pkarmacohg^* 

AwinnsfiCi  PiUi^^Akoet^  jdftp,  oil  of  ani- 


Arwnntie  Lonengei  of  ^Sker^-^Sulphate  of 
iron  and  tincture  of  cantharides  I 

Pectoral  Balmm  rf  jEToiMy^— Tincture  of 
bensoin. 

Barciay*t  AnHbUiofU  PiU*.^^lSMnet  of 
colocynth  8  drachms,  extract  of  jalap  1 
drachm,  almond  soap  1  .drachm  and  a  half, 
guaiacum  3  drachms,  tartariscd  antimony  8 
grdns,  essential  oils  of  juniper,  caraway,  and 
rosemary,  of  eadi  4  drops,  formed  into  a  irtass 
with  syrup  of  buckthorn,  and  divided  into 
64  pills. 

Baiei*t  Anodyne  BaUawt.'^i  part  of  tinc- 
ture of  opium,  8  parts  of  opodeldoc 


Black  Drop^^Take  half  a  pound  of  opium 
sliced,  three  pints  of  good  veijuice^  1  ounce 
and  a  half  of  nutmegs,  and  half  an  ounce  of 
saffron ;  boil  them  to  a  proper  thickness, 
then  add  a  quarter  of  a  poutui  of  sugar,  and 
two  spoonfuls  of  yeast ;  set  the  whole  in  a 
warm  place  near  the  Are  for  six  or  eight 
weeks,  then  place  it  in  the  open  air  until  it 
becomes  a  syrup ;  lastly,  decant,  Alter,  and 
bottle  it  up.  One  drop  is  considered  equal 
to  three  of  the  tincture  of  opium  of  the  phar- 
macopoeia. 

BrodunC*  Nervoui  Cordial  consists  of  the 
tinctures  of  gentian,  columba,  cardamom, 
and  bark,  with  the  compound  spirit  of  laven- 
der end  wine  of  iron. 

CheUea  Pentionert  a  cure  for  rheumatisffl. 
-^Powdered  guaiacum  1  drachm,  rhubarb  8 
divchms,  cream  of  tartar  1  ounce,  flowen  of 
sulphur  8  ounces,  1  nutmeg  findy  powdered  i 
make  into  an  dectuary,  with  one  pound  of 
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clarified  honey ;  two  Uaege  tpoonfuli  to  be 
taken  night  and  morning. 

Ching'i  Worm  LoMngec-^Chiefly  calomel 
and  jalap. 

CoUey*s  Z7«ptfa<ory.— -Quicklime  and  nil- 
phuret  of  potass.  (We  suspect  orpiment  in 
this  compound). 

Daffy  9  £/»iV.^-Compound  tincture  of 
senna  of  the  Edinburgh  Fharmacopceia, 
sweetened  with  treacle,  and  flavoured  with 
aniseed  and  elecampane  root  Dicey* t  Daffy 
and  SmntinC*  Daffy  differ  little  from  each 
other. 

DaJby*$  CarminaHve,'^MafpaetM  40  gr. 
oil  of  peppermint  I  drop,  of  nutmeg  2  drops< 
of  aniseed  3  drops,  tincture  of  castor  90 
drops,  of  asafoetida  15  drops,  of  opium  5 
drops,  spirit  of  pennyroyal  15  drops,  com- 
pound tincture  of  cardamoms  30  drops,  pep- 
permint-water 2  ounces. 

Esience  of  CoUsfoot.—Ttas  preparation 
(says  Dr  Paris)  consists  of  equal  parts  of  the 
balsam  of  Tolu  and  the  compound  tincture 
of  bensoin,  to  which  u  added  double  the 
quantity  of  rectified  spirit  of  wine ;  and  this, 
forsooth,  is  a  pectoral  /iir  caught !  If  a  par- 
tient,  with  a  pulmonary  affection,  should 
recover  during  the  use  of  such  a  remedy,  I 
should  certainly  designate  it  as  a  lucky  es- 
cape, rather  than  a  skilful  cure. 

Whiieh&ad^t  Essence  of  MuMUMrtL-^Oii  of 
turpentine,  camphor,  and  spirit  of  rosemary, 
with  a  little  flour  of  mustard  to  colour  it. 

Freeman*i  Bathing  Sj^^into^-^Opodeldoc, 
coloured  with  Daffy*s  Elixir. 

GodboUCe  Vegetable  BaUam>^'lioney  and 
vinegar. 

GowlantVs  Lotion.— A  solution  of  corro- 
sive sublimate,  in  emulsion  of  bitter  almonds. 

James* s  Analeptic  Pills.-^aams*B  powder, 
gum  ammoniacum,  pill  of  aloes,  with  myrrii, 
of  each  equal  parts,  made  into  a  mass  with 
tincture  of  castor. 

Norris*s  Drops^-^A  coloured  solution  of 
tartarised  antimony  in  rectified  spirit. 

RemediesJifT  the  Hoopiag'Cottgh.''^Either 
opiates,  or  medicines  containing  sulphate  of 
sine. 

Boche*s  Embrocation  for  the  Noting' 
cjottjA.— 'Olive  oil,  mixed  with  half  its  quan- 
tity of  the  oils  of  cloves  and  amber. 

EutpinVs  Tincture  for  the  7«eM.^-Flo. 
rentine  iris  root  8  ounces,  cloves  1  ounce, 
rectified  spirit  2  pints,  ambergris  1  scruple. 

Scouring  Drops* — Oil  of  turpentine^  per- 
fumed with  essential  oil  of  lemon-peel. 

Solomon*s  Balm  of  GileadU— An  aromatic 
tincture,  of  which  cardamoms  form  the  lead- 
ing ingredient,  made  with  brandy.  Some 
practitioners  have  asserted,  that  cantharides 
enter  its  composition. 

Steer*s  Opodeldoc,'— Ctm^e  soap  1  ounce, 
rectified  spirit  8  ounces,  camphor  3  ounces 
and  a  half,  oil  of  rosemary  half  a  diachm, 


oil  of  origanuln  1  diachm,  aolutioa  of  asi- 
monia  6  drachms. 

Taylors  Remedy  far  DeafnesM^  GaAc, 
inftisnl  in  oil  of  almonds^  and  ooloand  by 
alkanet  root 

QUARTATION 18  an  operation  by  wUck 
the  quantity  of  one  thing  is  made  equal  to  a 
fourth  part  of  the  quantity  of  another  thing. 
Thus,  when  gold  alloyed  with  sflver  ia  to  be 
parted,  we  are  obliged  to  fadtitate  the 
of  the  aquafortis,  by  reducing  the 
the  former  of  these  metals  to  one^4biirth  psit 
of  the  whole  mass,  which  is  done  by  snfll> 
dently  increasing  the  quantity  of  the  silver, 
if  it  be  necessary.  This  operation  is  called 
quartation.  and  is  preparatory  to  the  past- 
ing; and  even  many  authors  extend  this 
name  to  the  operation  of  parting.  See  As- 
say. 

QUABTZ.     Fh>fessor  Jameson  divides 
this  mineral  genus  into  two 
boidal  quarts,  and  indivisible  quarts. 

1.  RhomboAdal  quartx  contains    14 
species :— 1.  amethyst ;  2.  rock  crystal ;  9L 
milk  quartz;  4.  common  quarts  ;  5u  ptsss; 

6.  cat's  eye ;  7.  fibrous  quarts ;  8b  iron  Hist; 
9.  homstone;  10.  flinty  slate;  11.  flint; 
12.  calcedony;  13.  heliatrope;  14w  jaspo; 

2.  Indivisible  quartx  contains  nina  snl^ 
species :— 1.  float^stone ;  2.  quartx  sinter ;  3. 
hyalite ;  4h  opal ;  5.  menilite ;  6. 

7.  pitdistone;    8.  pearlstone;    9. 
stone.     We  shall  treat  here  of  the  quaitx 
sub-species. 

1.  Boss  or  milk  quartz*  Cokmrs  i^nasi  iiJ 
and  milk-white;  massive;  shining;  firactnre 
oonchoidal;  translucent.  It  is  piobably 
silica,  coloured  with  manganese.  It  is 
found  in  Bavaria,  where  it  occurs  in  beds  of 
quarts  in  granite,  near  Zwiesel,  &c 

2.  Common  quartx.  Colours  white,  grey, 
and  many  others;  massive^  disseminated^ 
imitative,  in  impressed  forms,  in  suppositi- 
tious and  true  crystals.  The  latter  are^  a 
six-sided  pmm,  acuminated  on  both  extie- 
inities  by  six  planes ;  a  simple  six-sided  py^ 
ramid,  and  a  double  six-sided  pyramid; 
splendent  to  glistening;  fracture  coarse 
splintery,  and  sometimes  slaty ;  trsnaluoent : 
it  is  one  of  the  most  abundant  minetak  in 
nature. 

3.  Fibrous  quartx.  Colours  greenish  and 
ydlowisb-white ;  noassive,  and  in  roUad 
pieces ;  in  curved  fibrous  concretions ;  glini- 
mering  and  pearly;  fracture  curved  slaty; 
translucent  on  the  edges ;  neariy  as  bard  as 
quartz;  not  very  diflicultly  frangible;  sp. 
gr.  3.123?  It  occurs  on  the  banks  of  tbe 
Moldare  in  Bohemia. 

4^  QuartXf  or  siliceous  sinter.  Of  this  there 
are  three  kinds ;  the  common,  opaline^  and 
pearly. 

§  1.  Common.  Colours  greyisb-wbite  and 
reddish-white ;  massive  and  imitative ;  dull ; 
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fracture  flat  conchoidal ;  translucent  on  the 
edges ;  semi-hard ;  very  brittle ;  sp.  gr.  1.81.  ■ 
Its  constituents  are^  silica  9S,  alumina  1.5, 
iron  O.5.— ITAipr.      It  occurs   abundantly 
round  the  hot  springs  in  Iceland. 

§  2.  Opaline  iiliceotu  sinter.  Colour  yel- 
lowiah*white ;  maasiTe;  fracture  conchoidal ; 
glimmering;  translucent  on  the  edges ;  semi* 
hard;  brittle;  adheres  to  the  tongue.  It 
occurs  at  the  hot  springs  in  Iceland.  It 
resembles  opal. 

•  §  3.  Pearl  jtnter,  ovfiorite*  Colour  milk- 
white  ;  in  imitative  shapes ;  lustre  between 
resinous  and  pearly;  in  thin  concentric 
lamellar  concretions;  fracture  fine  grained 
uneven;  translucent;  scratches  glass,  but 
not  so  hard  as  quartz;  brittle;  qp.  gr.  1.917. 
Its  constituents  are^  silica  94s  alumina  2, 
lime  4.— iSbn^  It  has  been  found  in  vol- 
canic tuff  and  pumice  in  the  Vicentine.  See 
Rock  Crystal. 

QUERCITRON.     See  Dyqng. 
QUICKSILVER.     See  Mercuby. 
QUINA  OR  QUININA.     A  vegetable 
alkali,  extracted   ftota  pale  cinchona  by  a 
process  exactly  similar  to  that  described  un- 
der Cinckofdna,     It  is  obtained  in  transpa- 
rent plates.     It  is  as  insoluble  in  water  as 
dnchonina ;  but  its  taste  is  more  bitter.     It 
unites  with  the  acids,  forming  crystallisable 
salts.     The  sulphate  is  of  a  dull  white  co- 
lour, silky  and  flexible :  it  is,  like  the  alkali, 
soluble  in  alcohol ;  it  bums  away  without 
leaving  any  residuum.     According  to  MM. 
Pelletier  and  Caventou,  it  is  composed  of 
Quina,  100 

Sulphuric  acid  10.9147 

but  M.  Baup  describes  a  crystallised  suU 
phate  as  well  as  a  supenulphate.  The  first 
consists  of 

Quina,  1  prime,  45 

Sulphuric  acid,  I  5 

Water,  4  4.5 


6  to  12  grains,  has  been  found  an  effectual 
remedy  against  intermittent  fevers.  It  is 
said  that  the  red  <»■  yellow  bark  yields  the 
most  febrifuge  quina.  See  Journal  of  Science, 
X.  391.  and  xii.  327. 

Quina  agrees  with  cinchonina,  in  afford- 
ing a  large  quantity  of  ammonia  when  sub- 
jected to  destructive  distillation,  and  conse- 
quently in  containing  azote  as  one  of  its 
elements.  Analysed  by  Mr  Brande,  it  af- 
forded, in  100  parts, 

Carbon,  73.80 

Azote,  13.00 

Hydrogen,  7.65 

Oxygen,  5.55 

10.000 
Joum*  <^  Science,  xvi.  283. 
By  Dumas  and  Pelletier, 

Carbon,  74.14 

Hydrogen,  6.77 

Azote,  aSO 

Oxygen,  10.76 

Ann.  de  Chivu  xxiv.  176. 
M.  Baup  adopts  45  as  the  prime  equi- 
valent of  quina.     He  states  its  sulphate  as 
follows  :-*- 

Supemalphate  in  rectangular  pritrat. 

1  atom  45        61.644 

2  10         13.698 
16           18        24.658 


The  second,  of 
Quina, 
Acid, 
Water, 


54.5 

1  primes  45 

2  10 
16  18 
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The  acetate  is  remarkable  for  the  manner 
in  which  it  crystallises.  Its  crystals  are  flat 
needles  of  a  pearly  appearance,  which  are 
grouped  in  silky  bundles,  or  in  stars. 

Iileutnl  folphate. 

1  atom  Quina,  45       76.272 

2  Sulph.add,     5        a474 
8           Water,  9      15.254 


100.000 
Quina  is  very  soluble  in  ether;  cinchonina 

is  not.     Hence  this  liquid  may  be  employed 

to  separate  these  two  alkalis. 

The  sulphate  of  quina,  in  doses  of  from 


100.000 
Ann.  de  Ckimie,  xxvii.  323. 

M.  Tilloy  of  Dijon  gives  the  following  as 
a  ready  process  for  determining  whether  bark 
contains  quinine :— Digest  alcohol  on  it  in 
coarse  powder  till  it  be  drained,  precipitate 
the  colour  of  the  kinic  acid  by  acetate  of 
lead,  filter  and  separate  excess  of  lead  by  a 
few  drops  of  sulphuric  acid,  then  filter  and 
distil,  when  sulphate  of  quina  will  remain 
mixed  with  a  fliitty  matter.  Ammonia  will 
now  precipitate  the  quina. 

A  grain  of  pure  sulphate  of  quina  will 
render  nearly  a  pound  and  a  half  of  water 
sensibly  bitter.  When  one  grain  is  dissolved 
in  about  300  grains  of  boiling  distilled  wa- 
ter, pure  sulphate  of  quina  will  on  cooling 
be  deposited  in  feathery  crystals  in  24  hours, 
if  there  be  no  adulteration.  Hie  alkalis, 
and  their  carbonates,  cause  a  precipitation  in 
water  containing  a  one-thounndth  part  of 
sulphate  of  quina ;  and  a  solution  of  tannin 
does  so  in  a  solution  ten  times  more  dilute. 
Kino  is  the  best  form  of  tannin  for  tliis  pur- 
pose. Starch  is  detected  by  its  solubility  in 
water  of  170°  F.,  and  by  the  action  of  iodine 
on  it.  Earthy  salts,  as  sulphate  of  magnesia 
or  lime,  are  detected  by  their  fixity  at  a  red 
heat,  which  volatilizes  the  vegeto-sulphate. 
Sulphate  of  quina  should  not  lose  more  than 
from  8  to  10  per  cent  of  water  by  being 
thoroughly  desiccated  by  heat.  PhiHpi  and 
Barry,  Phil.  Mag.  N.  S.  ui.  1 12. 
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RADICAL.  That  which  is  considered 
HI  conatttutiog  the  diatingiuahing  part  of  an 
acid,  by  its  union  with  the  acidifying  prin- 
dplcv  or  oxygen,  which  is  conuDon  to  all 
acids.  Thus,  sulphur  is  the  radical  of  the 
sulphuric  and  sulphurous  acids.  It  is  some- 
times called  the  base  of  the  acid,  but  base  is 
a  term  of  aoore  extensive  application. 

RADICAL  VINEGAR.  See  Acn> 
(Acetic). 

RAIN.  Mr  Luke  Howard,  who  may  be 
considered  as  one  of  our  most  accurate  scien- 
tific meteorologists,  is  incUned  to  think,  that 
raia  b  in  almost  every  instance  the  result  of 
the  electrical  action  of  clouds  upon  each 
other.  This  idea  is  confirmed  by  observations 
made  in  various  ways,  upon  the  electrical 
state  of  clouds  and  rain ;  and  it  is  very  pro- 
bable that  a  thunder-storm  is  only  a  more 
sudden  and  sensible  display  of  those  energies, 
which,  according  to  the  order  observable  in 
the  creation  in  other  respects,  ought  to  be 
incessantly  and  silently  operating  for  mora 
general  and  beneficial  purposes. 

In  the  formation  of  the  rain  doud  (mm- 
hus),  two  circumstances  claim  particular  at- 
tention :  the  spreading  of  the  superior  masses 
of  cloud,  in  aU  directions,  until  they  become 
like  the  strahUf  one  uniform  sheet ;  and  the 
rapid  motion,  and  visible  decrease,  of  the 
oumulu*  when  brought  under  the  latter. 
The  cirri  also^  which  so  frequently  stretch 
ihnn  the  superior  sheet  upwards,  and  resem- 
ble erected  hairs,  carry  much  the  appearance 
of  temporary  conductors  for  the  electricity 
extricated  by  the  sudden  union  of  minute 
particles  of  vapour,  into  the  vastly  larger 
onea  that  ibrm  the  rain.  By  one  experiment 
of  CavaUo's,  with  a  kite  carrying  360  leet 
of  conducting  string,  in  an  interval  between 
two  showers,  and  kept  up  during  rain,  it 
seems  that  the  superior  clouds  possciiBcd  a. 
positive  electricity  before  the  rain,  which,  on 
tiie  arrival  of  a  large  eumuitu,  gave  place  ta 
a  very  strong  negative,  continuing  as  long 
as  it  was  over  the  kite.  We  are  not,  bow<- 
erer,  warranted  from  this  to  conclude  the 


cumuluM  which  brings  mt  faim 
tive^  as  the  same  effect  might 
positive  cumtdui  uniting  with  a 
stratus.  Yet  the  general  negative  state  ef 
the  lower  atmosphere  during  rain,  and  llie 
positive  indications  commonly  given  by  ffas 
true  strotust  render  this  the  moiw  probaUe 
opinion.  It  is  not,  faowevcfv  abaolntely  ae- 
cessary  to  determina  the  several  alates  of  tiia 
donds  which  appear  during  rain, 
is  sufficient  evidence  in  fiivoar  of  tiie 
sion,  diat  douds  fonned  in  diffcrant  parts  of 
the  atmosphere  operate  on  each  other, 
brou^t  near  enough,  so  aa  to  occaaioi 
partial  or  entire  destruction ;  an  cfliect 
can  be  attributed  only  to  their 
beforehand,  or  acquiring  at  the  moment  the 
opposite  electridties. 

It  may  be  otjected,  says  Mr  Howard,  titet 
tfiis  ezphmation  is  better  suited  to  the  case 
of  a  shower  than  to  that  of  continoed  tma, 
for  whidi  it  does  not  seem  snflftcisirt.  If  it 
should  appear,  nevertheless,  that  tbe  "tapply 
of  each  kind  of  cloud  ia  by  any 
up  in  proportion  to  the  consumption,  the 
jection  will  be  answered.  Now,  it  is  •  wdl 
known  fhct,  that  evaporation  fiona  the  snxftoe 
of  the  earth  and  waters,  often  retoma  and 
continues  during  rain,  and  consequently  ftnw 
nishes  the  lower  clouds,  while  the  upper  are 
recruited  from  the  quantity  of  vapour  laoiiglil 
by  the  superior  current,  and  continually  sab- 
siding  in  the  form  of  dew,  as  is  evident  both 
from  the  turbidness  of  the  atmosphere  in  ininy 
seasons,  and  the  plentiful  deposition  of  dew 
in  the  nocturnal  intervals  of  rain.  Nrittnf 
is  it  pretended  that  electridty  is  any  fmlhs 
concerned  in  the  production  of  rain,  tlian  as 
a  secondary  agent,  which  modifMa  the  cAbct 
of  the  two  grand  predisposing  causes,— a 
lUling  teo^ierature,  and  the  influx  of  va- 
pour. 

Mr  Dalton,  who  has  paid  much  attentioa 
to  meteorology,  has  recently  read  before  Ifae 
Manchester  Soriety  an  daborate  and  interest- 
ing memoir  on  rain,  from  which  I  shall  ex- 
tract a  table,  and  some  obsermtions. 
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Mean  Uomtkl^  uni  Jlmnual  Qmniiiiei  tfBain  at  Vanam  PImvi,  heing  the  Jverwgeefar 

man^  Years,  by  Mb  Dalxon. 


Jan. 

Feb. 

Mar. 

April 

May 

June 

July 

Aug. 

Sept 

Oct. 

Nov. 

Bee 


Inch. 

2.310 

2.568 

2.098 

2.010 

2.8d5 

2.502 

3.697 

a665 

a281 

a922 

a360 

a832 


36.140 


Inch. 

2.177 
1.847 
1.523 
2.104 
2.573 
2.816 
a  663 
a311 
a  654 
a  724 
a441 
a288 


34.118 


Inch. 

2.196 
1.652 
1.322 
2.078 
2.118 
2.286 
a006 
2.435 
2.289 
a079 
2.634 
9.569 


27.664 


Inch. 

a461 
2.995 
1.753 
2.180 
2.460 
2.512 
4.140 
4.581 
a751 
4.151 
3.775 
a955 


39.714 


Inch. 

5.299 
5l126 
ai5I 
2.986 
3.480 
2.722 
4.959 
5.039 
4.874 
5.439 
4.785 
6.084 


Inch. 

a  095 
2.837 
2.164 
2.017 
2.568 
2.974 
a256 
ai99 
4.350 
4^143 
a  174 
a  142 


5a944  36.919 


It 


Inch. 

1.595 
1.741 
1.184 
a  979 
1.641 
l.ai<3 
2.303 
2.746 
1.617 
2.297 
1.904 
1.981 


21.331 


Inch. 

1.464 

1.250 

1.172 

1.279 

1.636 

1.T38 

2.448 

1.807 

1.842 

2.092 

2.222 

1.736 


2a686 


It 


Fr.  In. 

1.228 
1.232 
1.190 
1.185 
1.767 
1.697 
1.800 
1.900 
1.550 
1.780 
1.720 
1.600 


Fr.  In. 

2.477 
1.700 
1.927 
2.686 
2.931 
2.562 
1.882 
2.347 
4.140 
4.741 
4.187 
2.397 


ia649  3a977 


Inch. 

2.530 
2.295 
1.748 
1.950 
2.407 
2.315 
ail5 
a  103 
ai35 
a537 

a  120 

a058 


f*  Obeervatioru  o«  the  Theory  of  Bam, 

"  Every  one  must  have  noticed  an  obvious 
connexion  between  heat  and  the  vapour  in 
tbe  atnioq>here.  Heat  promotea  evaporation^ 
and  contributes  to  retain  tbe  vapour  when  in 
the  atmosphere,  and  cold  precipitates  or  con« 
denaes  the  vapour.  But  theie  facts  do  not 
explain  the  phenomenon  of  rain,  which  is  as 
frequently  attended  with  an  increase  as  with 
a  diininution  of  tbe  temporature  of  the  at* 
mospbere. 

•<  The  bite  Dr  Hutton,  of  Edinbui^,  was, 
I  conceive,  the  first  persoQ  who  puUiflhed  a  • 
correct  notion  of  the  cause  of  rain.  (See 
Edin.  Trans,  vol.  i.  and  ii.  and  Hutton's 
Diaiertations,  &c)  Without  deciding  wh*. 
ther  vapour  be  simply  expanded  by  heat,  and 
diifused  thriNigh  the  atmosphere^  or  chemi- 
cally combined  with  it,  he  maintained  from 
t^  phenomena  that  tbe  quantity  of  vapour 
capable  of  entering  into  the  air  increases  in  a 
greater  ratio  than  Uie  temperature;  and  hence 
he  fairly  infers  that  whenever  two  volumes 
of  air  of  different  terapantures  ara  mixed  to- 
gether, each  being  previously  saturated  with 
vapour,  a  precipitation  of  a  portion  of  viqioor 
must  ensues  in  consequence  of  the  mean  tem- 
perature not  being  able  to  sni^Mrt  the  mean 
quantity  of  vapour. 

"  The  causa  of  rain,  therefore^  is  now,  I 
consider,  no  longer  an  ol^ject  of  doubt.  If 
two  masses  of  air,  of  unequal  tsmpecatures^ 
by  the  ordinasy  currents  of  tbe  winds  ara 
intermixed  when  saturated  with  vapour,  a 
precipitation  ensues.  If  the  masses  are  under 
satnrationy  then  1cm  preripitation  takes  place, 
or  none  at  aU,  acoonUng  to  the  degree.  Also 
tlie  warmer  the  air,  tbe  gceater  is  the  quantity 
of  vapour  precipitated  in  like  dicurastances. 
Henos  the  reason  why  rains  ara  heavier  in 


summer  than  winter,  and  in  warm  counferies 
than  in  cold. 

**  We  now  inquire  into  the  causa  why  lew 
rain  ffdls  in  the  first  six  months  of  the  year 
than  in  the  last  six  months.  The  whole 
quantity  of  water  in  the  atmo^>here  in  Janu* 
ary  is  usually  about  three  inches^  as  appean 
from  the  dew  point,  which  is  then  about  32^. 
Now  the  force  of  vapour  at  that  temperature 
is  0.2  of  an  inch  of  mercury,  which  is  equal 
to  2.8  or  three  inches  ef  water.  The  dew 
point  in  July  is  usually  about  589  or  59^» 
corresponding  to  0.5  of  an  inch  of  mercniyt 
which  is  equal  to  seven  inches  of  water :  the 
difference  is  fbur  inches  of  water,  which  tbe 
atmosphere  then  contains  more  than  in  tbe 
Ibrmer  month.  Henoe^  supposing  the  usual 
intermixtura  of  currents  cmP  sir  in  both  the 
intervening  periods  to  be  the  wema,  the  tain 
ought  to  be  fbur  inches  less  in  the  farmer 
period  of  the  year  than  the  average^  and  Ibnr 
inches  more  in  the  latter  period,  making  a 
difibrenoe  of  eight  inches  between  the  two 
periods^  which  nearly  accords  with  the  pre* 
ceding  observations."  Mr  Daniell*s  Meteo- 
idbgical  Essays  contain  the  best  body  of  in- 
foranation  on  the  phenomena  of  rain,  dew,  and 
climate,  which  is  extant. 

RANCIDITY.  The  change  whidi  oils 
undergo  by  exposure  to  the  air. 

The  rancidity  of  oils  is  probably  an  eflto 
awdogoos  to  the  oxidation  of  metals^  It  es- 
sentially depends  on  the  combination  of  osy- 
gen  with  the  extractive  prindpk,  which  is  na* 
turally  naked  with  the  oily  pondplew  HiIs 
mftsenoe  is  proved  by  attending  to  the  pro- 
cesses used  to  counteract  or  prevent  the  ran- 
cidity of  oik. 

REAGENT.  In  the  experiments  of 
chemical  analysis,  the  component  parts  of 
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bodies  may  either  be  ascertuDed,  in  quantity 
as  well  as  quality,  by  the  perfect  operations 
of  the  laboratory,  or  their  quality  alone  may 
be  detected  by  the  operations  of  certain  bodies 
called  reagents.  Tlius  the  infusion  of  galls 
is  a  reagent,  which  detects  iron  by  a  dark 
purple  precipitate ;  the  prussiate  of  potash 
exhibits  a  blue  with  the  same  metal,  &c.  See 
Analysis,  and  Waters  (Mineral). 

REALGAR.     Sulphuret  of  arsenic,   a 

native  ore. 

RECEIVER.  Receivers  are  chemical 
vessels,  which  are  adapted  to  tlie  necks  or 
beaks  of  retorts,  alembics,  and  other  distilla- 
tory vessels,  to  collect,  receive,  and  contain 
the  products  of  distillations. 

RED  CHALK.  A  kind  of  clay  iron- 
stone. 

REDDLE.  Red  chalk. 
REDUCTION,  OR  REVIVIFICA- 
TION.  This  word,  in  its  most  extensive 
sense,  is  applicable  to  all  operations  by  which 
any  substance  is  restored  to  its  natural  states 
or  which  is  considered  as  such ;  but  custom 
confines  it  to  operations  by  which  metals  are 
restored  to  their  metallic  state,  after  they  have 
been  deprived  of  this,  either  by  combustion, 
as  the  metallic  oxides,  or  by  the  union  of 
some  heterogeneous  matters  which  disguise 
them,  as  fulminating  gold,  luna  cornea,  cin- 
nabar, and  other  compounds  of  tlie  same 
kind.  These  reductions  are  also  called  revi- 
vifications. 

REFRIGERATORY.  See  Labora- 
tory. 

REGULUS.  The  name  regulus  was 
given  by  chemists  to  metallic  matters  when 
acpanUed  from  other  substances  by  fusion. 
Tliis  name  was  introduced  by  alchemists, 
who^  expecting  always  to  find  gold  in  the 
metal  collected  at  the  bottom  of  their  cruci- 
bles after  fusion,  called  this  metal,  thus  col- 
lected, regulus,  as  containing  gold,  the  king 
of  metals.  It  was  afterwards  applied  to  the 
metal  extracted  from  the  ores  of  the  semi^ 
metals,  which  formerly  bore  the  name  that  is 
now  g^ven  to  the  semi-metals  themselves. 
Thus  we  had  regulus  of  antimony,' regulus 
of  arsenic,  and  regulus  of  cobalt. 

RESIN.  Ibe  name  reain  is  used  to  de- 
note solid  inflammable  substances,  of  vege- 
table origin,  soluble  in  alcohol,  usually  afford- 
ing much  soot  by  their  combustion.  They 
are  likewise  soluble  in  oils,  but  not  at  all  in 
water ;  and  are  more  or  less  acted  upon  by 
thealkaUs. 

.  AU  the  resins  appear  to  be  nothing  else 
but  volatile  oils,  rendered  concrete  by  their 
combination  with  oxygen.  The  exposure  of 
these  to  the  open  air,  and  the  decomposition 
of  adds  applied  to  them,  evidently  prove  this 
conclusion. 

There  are  some  among  the  known  resins 
which  are  very  pure,  and  perfectly  soluble  in 
alcohol,  such  as  the  balsam  of  Mecca  and  of 


capivi,  turpentines,  tacamahaca,  tliuii :  ocfacn 
are  less  pure,  and  contain  a  small  portioii  of 
extract,  whidi  renders  them  not  totally 
ble  in  alcohol;  such  are  mastic, 
guaiacum,  lididanum,  and  dragon'a  bloadL 

What  u  most  generally  known  by  the 
name  of  resin  simply,  or  sometimes  of  ydkm 
resin,  is  the  residuum  left  after  distilling  ifae 
essential  oil  from  turpentine.  If  tibis  be 
urged  by  a  stronger  foe,  a  thick  balsam,  of 
a  dark  reddish  colour,  called  balsam  of  tur- 
pentine, comes  over;  and  the  residuvn» 
which  is  rendered  blackish,  is  called  black 
resin,  or  colophony. 

Resin,  analysed  by  MM.  Gay  Luasac  and 
Thenard,  was  found  to  consist  of 
Carbon,      75.944 
Hydrogen,  10.719  )  water  15.156 
Oxygen,      1^337  $  hydrogen  in  excess  a9L 

By  my  analysis  resin  consists^  in  100  pafl% 
of 

Carbon,  73.0 
Hydrogen,  12.9 
Oxygen,      13.5— PAO.  Trant.  1822. 

Unverdorben  has  latdy  shewn  that  the  pro- 
perty possessed  by  resins,  of  yielding  negativie 
electricity  on  friction,  corresponds  to  diat  of 
reddening  litmus  tincture  by  their  solotions ; 
that,  like  acids,  they  combine  in  definite  pro- 
portions with  bases ;  and  when  these  com- 
pounds are  exposed  to  the  voltaic  influenoev 
the  resins  go  to  the  positive,  and  the  bases  to 
the  negative  pole.  These  researches 
made  chiefly  on  colophonoryor  oonmum  i 
It  unites  to  full  saturation  with  a 
oxygen  is  1.45,  which  is  l-9th  of  the  oxygen 
in  the  resin,  according  to  MBi.  Tlienaid  aad 
Gay  Lussac,  who  assign  it  13.34  per  cent. 
When  rosin  is  thrown  down  from  its  alkafiae 
solution  by  an  acid,  an  earthy-looking  white 
powder  is  obtained,  which  is  a  dwmical 
bination  of  rosin  with  water. 

The  resins  of  guaiac,  sandaradiy  and  i 
tic,  show  analogous  phenomena. 

Berzelius  has  extended  these  rrsraiclii 
Venice  turpentine,  copal,  and  lac  rtmns. 

RESPIRATION.  A  function  of 
mals,  which  consists  in  the  alternate  inhalaiioB 
of  a  portion  of  air  into  an  organ  called  the 
lungs,  and  its  subsequent  exhalation.  The 
venous  blood,  which  enters  the  lungs  ftom 
the  pulmonary  artery,  is  charged  witii  caiboa» 
to  which  it  owes  its  daric  purple  colour. 
When  the  atmospherical  oxygen  is  applied  to 
the  interior  of  the  air  vesicles  of  the  longs,  it 
combines  with  the  carbon  of  the  blood,  fotms 
carbonic  acid,  which,  to  the  amount  of  from 
4b5  to  8  per  cent  of  the  bulk  of  air  inapiied, 
is  immediately  exhaled.  It  does  iMt  appear 
that  any  oxygen  or  axote  is  absorbed  by  the 
lungs  in  respiration,  far  the  volume  of  car- 
bonic add  generated  is  exactly  equal  to  that 
of  the  oxygen  which  disappears.  Now,  we 
know  that  carbonic  acid  contains  its  own 
volume  of  oxygen.     It  is  probable  that  the 
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'  quantity  of  carbonic  add,  produced  in  the 
lung%  varies  in  different  individuals,  and  in 
the  same  individual  under  different  drcvm- 
irtances.  Hie  change  of  the  blood,  from  the 
purple  venous  to  the  bright  red  arterial,  seems 
owing  to  the  discharge  of  die  carbon.  An 
ordinary  siied  man  consumes  about  46,000 
cubic  inches  of  oxygen  per  diem ;  equivalent 
to  125  cubic  feet  of  air.  He  makes  about 
20  reqiirations  in  a  minute,  or  breathes  twice 
for  every  seven  pulsations.  Dr  Prout  and 
Dr  Fyfe  found,  that  after  swallowing  intoxi- 
cating liquors,  the  quantity  of  carbonic  acid 
formed  in  respiration  was  diminished.  The 
same  thing  happens  under  a  course  of  mer- 
cury, nitric  acid,  or  vegetable  diet. 

RETINITE.  Retin-asphalt.— JTo/cAtfl/. 
C<^ur  yellowish  and  reddish-brown ;  mas- 
aive,  in  angular  pieces  and  thick  crusts ;  sur- 
ftce  rough;  glistening,  resinous;  fiactore 
uneven;  translucent;  soft;  brittle;  at  first 
elastic,  but  becixnes  rigid  by  exposure  to  the 
air ;  sp.  gr.  1. 135u  On  a  hot  iron  it  melts» 
amokcs,  and  bums  with  a  fragrant  odour; 
soluble  in  potash,  and  partially  in  spirit  of 
wine.  Its  constituents  are,  resin  55,  asphalt 
4d,  earth  3.  It  is  found  at  Bovey  IVacy  in 
Detonshire,  adhering  to  brown  coal. 

RETORT.  Retorts  are  vessels  employed 
for  many  distillations,  and  most  frequently  for 
those  which  require  a  degree  of  heat  superior 
to  thak  of  boiUng  water.  This  vessel  is  a  kind 
of  bottle  with  a  long  neck,  so  bent,  that  it 
makes  with  the  belly  of  the  retort  an  angle  of 
about  sixty  degrees.  From  this  form  they 
haVe  probably  been  named  retorts.  The  most 
capadous  part  of  the  retort  is  called  its  belly. 
Its  Upper  part  is  called  the  arch  or  roof  of  the 
retort,  and  the  bent  part  is  the  neck. 

REUSSITE.  CohMir  white ;  as  a  mealy 
efflorescence,  and  crystaliixed  in  flat  six-sided 
prisms  and  adcular  crystal* ;  shining ;  tinc- 
ture conchoidal ;  soft.  Its  constituents  are, 
telphate  of  soda  66.04s  sulphate  o£  magnesia 
31.35,  muriateof  magnesia  2. 19,  and  sulphate 
of  lime  0.42.«— iZeusf.  It  is  found  as  an  ef- 
Horescence  on  the  surface^  in  the  country 
raund  Sedlits  and  Seidschutz. 

REVERBERATORY.     See  Labora- 

TOET. 

RHABARBARINE.  The  name  of  a 
supposed  alkaline  base  in  rhubarb,  described 
by  M.  Nani  of  Milan.— '^t^/tof^  Unweri* 
xxiL  232.  and  Journal  qfSciencet  xvi.  172. 

RHODIUM.  A  new  metal  discovered 
among  the  grains  of  crude  platina  by  Dr 
Wollaston.  The  mode  of  obtaining  it  in  the 
state  of  a  triple  salt  combined  with  muriatic 
add  and  soda,  has  been  given  under  the  arti- 
cle Pallajdium.  This  may  be  dissolved  in 
water,  and  the  metal  predpitated  from  it  in  a 
black  powder  by  sine. 

This  powder  exposed  to  heat  continues 
bJack;  but  with  borax  it  acquires  a  white 
metallic  lustre,  though  it  remains  infusible. 


Sulfrfiur  or  arsenic,  however,  renders  it  fu-* 
aible^  and  may  afterward  be  expelled  by  con- 
tinuing the  heat.  The  button,  however,  is 
not  malleable.  Its  specific  gravity  appears 
not  to  exceed  11. 

Rhodium  unites  easily  with  every  metal 
that  has  been  tried,  except  mercury.  With 
gold  or  silver  it  forms  a  very  malleable  alloy, 
not  oxidated  by  a  high  d^pree  of  heat,  but 
becoming  incrusted  with  a  black  oxide  when 
slowly  cooled.  One-sixth  of  it  does  not  per- 
ceptibly alter  the  colour  of  gold,  but  renders 
it  much  less  fusible.  Neither  nitric  nor 
nitro-muriatic  add  acts  on  it  in  dther  of 
these  alloys;  but  if  it  be  fused  with  three 
parts  of  bismuth,  lead,  or  copper,  the  alloy  is 
entirely  soluble  in  a.  mixture  of  nitric  add 
with  two  parts  of  muriatic. 

llie  oxide  was  soluble  in  every  acid  Dr 
Wollaston  tried.  Hie  solution  in  muriatic 
acid  did  not  crystallize  by  evaporation.  Its 
residuum  formed  a  rose-coloured  solution  with 
alcohol.  Muriate  of  ammonia  and  of  soda, 
and  nitrate  of  potash,  occasioned  no  predpi- 
tate  in  the  muriatic  solution,  but  formed  with 
the  oxide  triple  saks,  which  were  insoluble  in 
alcohol.  Its  solution  in  nitric  acid  likewise 
did  not  crystallize ;  but  silver,  copper,  and 
other  metals,  precipitated  it. 

The  solution  of  the  triple  salt  with  muriate 
of  soda  was  not  predpitated  by  muriate,  car- 
bonate, or  bydrosulphuret  of  ammonia,  by 
carbonate  or  ferroprusdate  of  potash,  or  by 
carbonate  of  soda.  Hie  caustic  alkalis  how- 
ever throw  down  a  yellow  oxide  soluble  in 
excess  of  alkali ;  and  a  solution  of  platina 
occasions  in  it  a  yellow  predpitote. 

The  title  of  this  product  to  be  considered 
as  a  distinct  metal  was  at  first  questioned ; 
but  the  experiments  of-Dr  Wollaston  have 
since  been  confirmed  by  Descotils.— PAi?. 
Trant, 

Rhodium  Salts,  according  to  Berzelius. 
Chloride  tfJUiodium  and  Potassium* 

Chloride  of  potassium,        -         41.50 

Chlorine,  -  -  29.53 

Rhodium,  -  -  2a97 


100.00 

Chloride  ofMhcdium  and  Sodium, 

Chloride  of  sodium,  -  45.55 

Chlorine,  -  -  27.48 

Rhodium,  -  -  26.97 


loaoo 

Hydrated  Oxide  tf  Rkwkimm, 
Rhodium,  -  -  75.9 

Oxygen,  -         -  17.5 

Water,         -         -         .         ftO      ' 

loao 

RHODONITE.  A  fibrous  ore  of  man- 
ganese, containing  silica  39,  protoxide  of 
manganese  50,  &c 

RHCETIZITE.    Colour  white ;  massive, 

Yy 
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and  in  radiated  concretions ;  glistening  and 
pearly;  fragments  splintery;  feebly  trans- 
lucent on  the  edges ;  in  other  characters,  the 
same  as  cyanite.  It  occurs  in  primitiTe  rodu, 
with  quarts,  &c.  at  Piitzsci  in  the  Tyrol. 

RHOMB  SPAR.    Colour  greyish-white; 
niassive,  disseminated,   and  crystallised   in 
rhomboids,  in  which  the  obtuse  angle  is  106° 
Id';  splendent,  between  vitreous  and  pearly; 
cleavage   threefold  oblique   angular;   frsc- 
ture  imperfect  conchoidal ;  harder  than  cal- 
careous spar;  sometimes  as  hard  as  fluor; 
brittle;   sp.   gr.  2.8  to  a2:   it  efferresces 
feebly  with  acids.     Its  constituento  are,  car- 
bonate of  lime  56.6,  carbonate  of  magnesia 
42,  with  a  trace  of  iron  and  manganese.*— 
Murratf*     It  occurs  imbedded  in  chlorite 
slate,  limestone,  &c.      It  is  found  on  the 
banks  of  Loch  Lomond ;  near  Newton-Stew- 
art in  Galloway ;  in  compact  dolomite  in  the 
Isle  of  Man  and  the  North  of  England.    It 
has  been  called  bitter  spar  and  muricalcite. 
.    RHUBARB  (ROOT  OF).    Mr  Brande 
gives  the  following  analysis  of  this  medicine : 
Water,         -         -        -        .        a2 
Gum,        .        -         -        -        31.0 
Resin,         .         -         -         -         10.0 
Extract,  tan  and  gallic  acid,     -     26.0 
Phosphate  of  lime,         -         -  2.0 

Malate  of  lime,         ...      6.5 
Woody  6br«,         -         -         -        16.3 

100.0 
RHUTERIUM.     A  supposed  new  me- 
tal, said  by  M.  Osann  to  exist  in  the  Ura- 
lean  ore  of  platina. 

RICE.  The  following  are  the  results  of 
M.  Braconnot*s  analysis  of  the  rice  of 

Caro&na*    Piedmont* 

Water,  -  5.00  7.00 

Starch,  -         85.07        8a80 

Parenchyma,        -         4.80  4.80 

.Vegeto.4inimal  matter,    a60  a60 

UncrystalUxable  sugar,  0.29  0.05 

Gummy  matter,  0.71  0.10 

Oil,  -  -      0.13  0.25 

Phospliate  of  lime,         0.40  0.40 

With  traces  in  the  Carolina  rice  of  muriate 

and  phosphate  of  potash,  acetic  and  vegetable 

calcareous  salt,  vegetable  potash  salt,  and 

sulphur. 

According  to  Vogel,  rice  is  composed  of, 
Starch,  96 

Sugar,  1 

Fat  oil,  1.5 

Albumen,        0.2  with  some  salts. 
ROCHELLE  SALT.     Tartrate  of  pot- 
ash and  soda.     See  AcxD  (Taetaaic). 

ROCK  BUTTER.  Colour  yellowish- 
white ;  massive  and  tuberose ;  glimmering ; 
fracture  straight  foliated  ;  translucent  on  the 
edges ;  feels  rather  greasy  ;  easily  frangible. 
It  is  alum  mixed  with  alumina  and  oxide  of 
iron.    It  ooics  out  of  rocks  that  contain  alum. 


It  occurs  at  the  'Hurlett  alun^woricy 
Paisley. 

ROCK  CORK.     See  AnoBmit. 

ROCK  CRYSTAL.  Colour  white  and 
brown;  in  rolled  pieces,  and  crystatlliied : 
the  primitive  form  is  a  rhomboid  of  MP  15^ 
and  85°  45^;  the  secondary  forms  ar^  an 
equiangular  six-sided  prism,  rather  acutely 
acuminated  on  both  extremities  by  six  planes 
which  are  set  on  the  lateral  planes,  a  double 
six-sided  pyramid,  an  acute  simple  stx-^ided 
pymmid,  an  acute  double  three-sided  pyrs- 
mid ;  splendent ;  fracture  perfect  conchoidal ; 
transparent  or  translucent ;  refracts  doutile^ 
feebly ;  scratches  felspar ;  rather  easily  firan- 
gible ;  sp.  gr.  2.6  to  2.88.  When  two  pieces 
are'  rubbed  against  each  other  they  become 
phosphorescent,  and  exhale  an  electric  odour. 
ItB  constituents  are^  silica  99},  and  a  tnce  of 
ferruginous  alumina.— ^ucfto^s.  Some  che- 
mists maintain,  that  it  has  one  or  two  per  cent 
of  moisture.  Crystals  of  great  sixe  and  bean^ 
are  found  in  Arran,  in  drosy  cavities  in  gra- 
nite ;  but  the  finest  are  foiuid  in  the  neigb- 
bourhood  of  Cairngorm  in  Aberdeenshiic^ 
where  they  occur  in  gruute^  or  in  alluvial 
sofl,  along  vrith  beryl  and  topaz  ;  and  in  the 
secondary  greenstone  of  Burntisland  in  FUe- 
shire,  llie  most  magnificMit  groups  of  crys- 
tals come  from  Dauphiny. 

The  varieties  enclosing  crystals  of  titamnm^ 
the  Venui  hair-stones  of  amateurs,  and  those 
containing  actinolite,  or  the  ThetU  hair-atones, 
are  in  much  repute,  and  sell  at  a  considenbk 
price.  — Jameton. 

ROCK  SALT.     Hexahedral  rock  sak. 

1.  Foliated,  Colours  white  and 
masaiv^  disseminated,  and  crystaUi 
cubes;  splendent  and  resinous;  cl 
tlireefold  rectangular;  fracture  conchoidal; 
fragments  cubic;  truislucent;  as  hard  as 
gypsum  ;  feek  rather  greasy ;  brittle  ;  it  has 
a  saline  taste ;  sp.  gr.  2.1  to  2.2. 

2.  FUnvus.  Colour  white ;  masaivei,  and 
in  fibrous  concretions ;  glistening,  roibiuom ; 
fragments  splintery ;  translucent ;  it  decrepi- 
tates when  heated.  The  constituents  of  Che- 
shire rock  salt,  in  1000  parts,  are^  muriate  of 
soda  983^  sulphate  of  lime  6^,  muriate  of 

magnesia  0.tVi  muriate  of  lime  0.tV«  ^^^^^ 
luble  matter  10. — Henry. 

The  greatest  formation  of  rock  salt  is  m 
the  muriatiferous  clay.  The  salt  is  occasion- 
ally associated  with  inn  layers  of  anhydrite^ 
stinkstone,  limestone,  and  sandstone.  The 
principal  deposit  in  Great  Britain  is  in  Che- 
shire. The  beds  alternate  with  clay  and 
marl,  which  contains  gypsum.  It  oonus 
also  at  Droitwich  in  Worcestershire.  For 
other  localities  see  Professor  Jameson's  Mk 
neralogy,  iii.  6. 

ROCK  WOOD.     See  AsBEnv& 
ROMANZOVITE.       A    new   nuncral 
found  in  the  lime  quarry  of  Kolla^  at  Ki- 
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nuto  in  Finland.  Its  colours  are  brown, 
browfuah-yellowy  and  blackish-brown ;  com- 
pact^ or  in  crystalline  planes,  inclined  at  an 
angle  of  120^  to  each  other ;  fracture  small 
conchoidal,  like  common  roain ;  lustre  shin- 
ing, between  vitreous  and  resinous;  trans- 
lucent in  thin  fragments ;  hard,  giving  sparks 
with  steel ;  brittle  ;  scratd)es  glass  and  fel- 
spar, but  is  scratched  by  quartz ;  sp.  gr.  3.6 : 
in  powder,  light  yellow ;  melts  in  the  interior 
iiameof  the  blowpipe.  Constituents, 
SDica,  -  -  -  41.24 

Lime,  ...     84.76 

Alumina,  -  -  24.06 

Oxide  of  iron,  -  -  7.02 

Magnesia  and  oxide  of  manganese,  0.92 
Volatile  parts  and  loss,         -  1.96 


RUTILE.     An  ore  of  titanium. 
RYE  consists,  according  to  Einhoff,  in 
3840  parts,  of 

Envelope  (husk),         -         -         930 
Moisture,  -  -  390 

Flour  (farina),  -  -         2520 

3840 


The  farina  consists  of— 

Albumen, 

126 

Undried  gluten. 

364 

Mudlage, 

426 

Starch, 

2345 

Sugar, 

126 

Envelope, 

245 

Loss, 

208 

100.00 
M,  JuHn,  Annals  of  PhU,  i.  233. 

ROSESTONE.     See  LiiiEsnONE. 

ROSE  QUARTZ.     See  Quaetz. 

ROSELITE.  Tliis  new  mineral  occurs 
in  small  well-defined  translucent  crystals  of 
a  deep  rose  colour,  on  amorphous  greyish 
quarts.  It  comes  from  Sdineeberg  in  Saxony. 
ft  has  hitherto  been  placed  with  the  aneniate 
of  cobalt,  from  the  same  locality.  It  contains 
arsenic  add,  united  to  oxide  of  cobalt,  lime, 
and  magnesia,  elements  which  constitute  the 
picropharmacolite  of  Stromeyer.  See  FtlAB^ 
MAOOUTB.     Annals  of  Phil  viii.  439. 

ROUGE  for  the  toilette.     See  Cabtua- 

HDfl. 

RUBELITE.     Red  tourmaline. 
RUBY.     See  Sapphibe. 
RUBY-SPINEL.     See  Sfineu 
RUST.     Red  carbonate  of  iron. 


3840 
Ergot  of  rye  is  considered,  by  M.  Vau^ 
quelin  and  many  naturalists,  as  rye  altered 
by  a  disease  arising  from  external  causes :  it 
contains,— 

1.  A  dun  yellow  ccdouring  matter,  soluble 
in  alcohol,  with  a  taste  like  Suit  of  fish  oil. 

2.  An  oily  matter,  white^  with  a  sweet 
taste^  which  appears  to  be  pretty  copious  in 
the  rye. 

3.  A  violet  colouring  matter,  of  the  same 
nature  as  that  of  litmus,  but  different  from  it 
by  insolubility  in  alcohoL  It  is  easily  ap- 
plied to  alumed  wool  and  silk. 

4.  An  add,  probably  the  phosphoric. 

5.  A  very  abundant  vegeto-animal  matter, 
much  disposed  to  putrefy,  and  which  yields 
a  good  deal  of  thick  oU  and  ammonia  by 
distillation. 

6.  A  little  fmt  ammonia,  exhaled  at  the 
heat  of  boiling  water. 


S 


SACLACTATEa  See  Aas  (Saclac 
tic). 

SAFFLOWER.     See  Carthamus. 

SAGENITE.     Adcular  rutile. 

SAGO.  A  modification  of  starch  ob- 
tained from  the  soft  medullary  part  of  certain 
palm  trees.  It  becomes  granulated  in  pass- 
ing through  sieves. 

SAHLITE.  Colours  greenish-grey,  and 
green  of  other  shades;  massive,  in  straight 
lamellar  concretions,  and  crystallized  in  a 
broad  rectangular  four-sided  prism,  approach- 
ing  the  tabular  form,  or  truncated  on  the  la- 
teral edges ;  splendent  on  the  prindpal  frac- 
ture, on  the  cross  fracture  dull;  cleavage 
fivefold ;  fracture  uneven ;  translucent  on  the 
edges;  harder  than  augite;  rather  brittle; 
sp.  gr.  3i22  to  3.47 :  it  melts  with  great  dif- 
ficulty. Its  constituents  are,  nlica  53,  mag- 
nesia 19,  alumina  3,  lime  20,  iron  and  man- 
ganese 4.— Fau^itWin.  It  occurs  in  the 
island  of  Unst  in  Shetland;  in  granular 
limestone  in  the  island  of  Tiree;   and  in 


Glentilt.     It  is  a  sub-spedes  of  oblique- 
edged  augite. 

SAL  ALEMBROTH.  A  compound 
muriate  of  mercury  and  ammonia.      See 

SAL  AMMONIAC  (NATIVE);  of 
which  there  are  two  kinds,  the  volcanic  and 
conchmdal* 

1.  Volcanic*  Colour  jrellowish  and  grey- 
ish-white ;  in  efflorescences,  imitative  shapes, 
and  crystallised  in  an  octohedron,  rect- 
angular foor-uded  prism  acuminated  with 
four  planes  set  on  the  lateral  planes,  a  cube 
truncated  on  the  edges,  a  rhomboidal  dode- 
cahedron, and  a  double  eightdded  pyramid 
acuminated  with  four  planes ;  diining ; 
cleavage  in  the  direction  of  the  planes  of 
the  octohedron ;  firom  transparent  to  opaque ; 
harder  than  talc;  ductile  and  dastic;  sp. 
gr.  1.5  to  1.6;  taste  sharp  and  urinous; 
when  rubbed  with  quicklime,  it  exhales  am- 
monia. Its  constituents  are,  sal  ammoniac 
99.5,  muriate  of  soda.0.5.— iffoprofA,     It 
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occurs  in  tlie  fidnity  of  burning  beds  of 
cOdy  both  in  Scotland  and  England.  It  is 
met  with  at  Solfaterra,  Vesuyius,  .£tna,  &c. 
2.  ConehoidaL  It  occurs  in  angular  pieces, 
and  consists  of  sal  ammoniac  97.5^  sulphate 
of  ammonia  2.5. — Xlaprotk.  It  is  said  to 
occur,  along  with  sulphur,  in  beds  of  indu- 
rated day  or  clay  slate,  in  the  country  of 
Bucharia.— Jbin^soit.      See    Aao    (MuBi- 

ATIc). 

SAL  AMMONIAC  Muriate  of  am- 
monia. 

SAL  AMMONIAC  (SECRET).  Sul- 
phate of  ammonia,  so  called  by  its  discorerer 
Glauber. 

SAL  CATHARTICUS  AMARU& 
Sulphate  of  magnesia. 

SAL  D£  DUOBU&  Sulphate  of  pot- 
ash. 

SAL  DIURETICU&  Acetate  of  pot- 
ash. 

SAL  GEM.     Native  muriate  of  soda. 

SAL  GLAUBERI.     Sulphate  of  soda. 

SAL    MARTI&      Green   sulphate    of 

SAL  MIRA6ILE,  OB  SAL  MIRA* 
BILE  GLAUBERL     Salphate  of  soda. 

SAL  MIRABILE  PERLATUM,  oa 
SAL  PERLATUM.     Phosphate  of  soda. 

SALPOLYCHRESTGLASERL  SuU 
phate  of  potash. 

SAL  PRUNELLA.  Nitrate  of  potash, 
oast  into  flat  cakes  or  round  balls,  after  fu- 
sitfn. 

SALIFIABLE  B A SES^  are  the  alkalis, 
and  those  earths  and  metallic  oxides  which 
bare  the  power  of  neutraliang  acidity  en- 
tirely or  in  part,  and  producing  salts. 

SALIVA.  The  fluid  secreted  from  the 
glands  in  the  mouth.  A  most  elaborate  ex- 
amination of  this  secretion  in  man,  the  dog, 
and  the  slieep,  has  been  given  in  MM. 
GmeKn's  and  Tiedmann*s  TreatUe  on  th9 
Digestive  Functions, 

Human  saliva  has  asp.  gr.  of  1.0043.  It 
contains  from  1. 14  to  1. 19  of  solid  matter  in 
the  100  parts.  Berzelius  found,  however,  only 
0.715.  That  of  the  dog  yields  2|  per  cent  of 
solid  matter,  lliis  consists^  1.  of  a  brown- 
coloured  substance,  which  is  precipiteble  by 
lime  water,  acetete  of  lead,  protonitrate  and 
perchloride  of  mercury,  and  which  becomes 
turbid,  milky,  with  a  brownish  tinge,  by 
tincture  of  ^Jls.  But  Berxelius  stetes,  that 
by  his  analysis  he  found  the  solid  matter  of 
saliva  colourless,  transparent,  readily  soluble 
in  water,  and  predpitated  neither  by  boiling, 
adds,  acetete  of  lesd,  corrosive  sublimate, 
nor  tannin.  These  differences  he  ascribes  to 
the  German  chemists  having  operated  on  an 
alcoholic  solution  of  the  dry  extract  of  saliva. 
2.  They  obtsined  nsnutMrne,  a  substance  at 
present  very  iU  deflned.  3.  Gluten,  soluble 
in  bicarbonate  of  potasli ;  the  prindple  to 
which  saliva  probably  owes  its  property  of 


drawing  out  into  tlireada.  4b  in 
saliva,  some  pbospboriaed  fatty  matter.  & 
Salts,  with  an  alkaline  basc^  soluble  in  w». 
ter,  which  in  man  contains  chiefly 
in  the  dog  and  the  sheep  oontaiDs  • 
of  potash  and  soda,  tha  laat  being 
minant. 

Of  dieae  salts,  the  first  is  acetate  of 
ash  ;  the  second*  a  caiboiialcd  allEali ; 
third  an  alkaline  phosphate^  moie 
in  man  and  sheep  than  in  dogs  ;  the  fimtlv 
an  alkaline  sulphate  in  very  small  ijuanlity ; 
the  Hfth,  chlorides  of  potessinm  and 
and,  sixthly,  sulphocyanide  of 
most  copious  in  human  saliva,  leas  so  in  that 
of  the  sheep,  and  probably  vradting  in  tfasi 
of  the  dog.  The  presence  of  this  singnlsr 
ingredient  had  been  indicated  by  Tieviianus 
in  1814,  who  observed  that  saliva  tested 
with  neutral  persalts  of  iron,  gave  the  same 
red  reaction  as  sulphocyanic  acid  wimU  da. 
They  obtained  sulphocyanic  acid  from  saliva, 
by  boiling  the  dry  extract  of  the  saliva  with 
alcohol,  evaporating  the  solution,  and  dirtift. 
ing  the  residuum  with  phosphoric  add.  Tk% 
feeble  distilled  add  reddened  the  peroxide 
salts  of  iron,  and  when  heated  with  a  sol^ 
tion  of  chloride  of  barium,  and  clilonde  of 
potash  in  muriatic  add,  became  tnrfaid, 
manifestly  from  the  formation  of  sulphsis 
of  baryta.  **  Formerly,"  says  Bcr«eli■^ 
"in  my  researches  on  tfie  compesition  of 
saliva,  I  tried  to  verify  the  leaitiim  nocieed 
by  Treviranus,  with  the  penalts  of  iraBi 
without  success:  but  I  did  not  trat  the 


constituents  of  saliva  with  aleoboL 
share  may  the  boiling  with  alcohol  have  in 
these  phenomena?  Huit  sulphocyanmin 
may  result  from  sulphuret  of  carbon  and 
ammonia  with  alcohol,  we  know  from  Zcise's 
researches.  Is  it  not  probable^  that  an  ann. 
Ic^us  product,  if  not  the  same,  nmy  pre> 
ceed  from  the  reaction  of  the  alcohel  in  the 
constituents  of  the  saliva?  Hieae  qoos- 
tions,  condudes  he,  must  Datotally  be  an- 
swered by  experimental  inquiries.'* 

I  have  made  these  inquiries  lately,  and  de- 
tailed thdr  results  in  my  paper  On  4^i6mss^ 
and  its  Tests,  published  in  the  Jooinal  ef 
Sdence  for  April  ISSa  ] 
at  a  gentle  heat,  which  did  not  in  ^ 
affect  its  milk-white  hue^  I  obtained  a 
duct  of  sulphocyanic  add,  which 
the  usual  reaction  in  the  pcnnuriate  of 
and,  when  heated  with  a  little  chhwela  of 
potash  and  muriatic  add,  ailbrded  with  nan- 
riate  of  baryte  a  copious  doud  of  the  anl- 
phate  of  tliis  base. 

The  last  constituents  found  in  ailiv%  erne 
the  salts  insoluble  in  water,  phoapfaate  of 
Ume^  with  a  tittle  carbonate  of  limc^ 
perhaps  traces  of  magneda. 

SALMIAC      A  woid 
lor  sal  ammoniac. 

SALT.     This  term  has  been  usually  em- 
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-ployed  to  denote  a  compound,  in  definite 
pnpQKfkmMf  cf  add  matter,  with  en  elkeU, 
^artfa,  or  metelKc  oxide.  When  the  propor- 
tione  of  the  constituents  ere  so  adjusted, 
that  the  cesnlting  subatance  does  not  afiect 
ihe  ookmr  of  infusion  of  litmus  or  red  cab- 
bage^ it  u  then  called  a  neutral  salt.  When 
the  predinninance  of  acid  is  evinced  by  the 
reddening  of  these-  infiisions,  die  salt  is  said 
to  be  acidulous,  and  the  prefix,  tuper,  or  H, 
U  osed  to  indicate  this  excess  of  add.  If, 
on  the  contrary,  the  add  matter  appears  io 
be  in  deftct,  or  short  of  the  quantity  neces- 
sary fior  nentndixing  the  alkalinity  of  the 
Jjase,  the  salt  is  then  said  to  be  with  excess 
of  htiee,  and  the  prefix  tub  is  attached  to  its 
name. 

The  discoveries  «f  Sir  H.  Davy  have, 
faowover,  taught  us  to  modify  our  opinions 
concenaing  saline  constitution.  Many  bo- 
dies, SDch  as  culinary  sait,  and  muriate  of 
lime,  to  which  the  appellatioQ  of  tali  cannot 
be  refused,  have  not  been  proved  to  contain 
either  acid  or  aliraline  matter;  but  must, 
aooocding  to  the  strict  logic  of  chemistry, 
be  iv^puded  as  compounds  of  chlorine  with 
metals. 

That  great  chemist  remarks,  that  very  few 
of  the  substances  w^icfa  have  been  always 
considertd  as  neutral  saki^  really  contain,  in 
their  dry  atate,  the  adds  and  alkalis  from 
which  they  were  formed.  According  to  his 
views,  the  nuuiates  and  fluates  must  be  ad- 
mitted to  contain  neither  adds  nor  alkaline 
bases.  Most  of  the  pruasiates  (or  pniasides) 
are  shown  by  M.  Gay  Luasac  to  be  in  the 
same  case.  Nitric  and  sulphuric  adds  can- 
not be  procured  from  the  nitrates  and  sul- 
idiates,  without  the  intervention  of  bodies 
containing  hydrogen ;  and  if  nitrate  of  am- 
monia were  to  be  judged  of  from  the  results 
of  its  decomposition,  it  must  be  regarded  as 
a  compound  of  water  and  nitrous  oxide. 
To  this  position  it  might  periiaps  be  ob- 
jected, that  dry  sulphate  of  iron  yields  suU 
phuric  add  by  ignition  in  a  retort,  while 
oxide  of  iron  remains.  Only  these  acids, 
sajTS  he,  which  are  compounds  of  oxygen 
and  inflammable  bases,  appear  to  enter  into 
combination  with  the  fixed  alkalis  and  alka- 
line eerths  without  alteration ;  and  it  is  im- 
poesible  to  define  the  nature  of  the  arrange- 
ment of  die  elemente  in  tbdr  neutral  com- 
pounds. The  phosphate  and  carbonate  of 
lime  have  much  less  of  the  characters  attri- 
fanted  to  neutro-saline  bodies  than  chloride 
of  cakium  (muriate  of  lime) ;  and  yet  this 
last  body  is  not  known  to  contain  either  .acid 
or  alkaline  matter.  M.  Oay  Lussac  sup- 
poses, that  a  chloric  acid,  without  water  or 
hydrogen,  of  one  prime  proportion  of  chlo- 
rine and  five  of  oxygen,  existe  in  all  the 
hyperoxymuriates  (chlorates),  but  he  does 
net  support  his  proposition  by  any  pro«»f. 
The  hyperoxymuriates  were  shown  by  Sir 


H.  Davy,  in  1811,  to  be  composed  of  one 
prime  of  chlorine^  one  of  a  basiB,  and  six 
of  oxygen.  Now  hydrogen,  in  the  liquid 
chloric  add  of  M.  Gay  Lussac,  may  be 
oonsidered  as  acting  the  part  of  a  base ;  and 
to  be  exchanged  for  potassium  in  the  salt 
hypothedcidly  called  chlorate  of  potash.  It 
is  an  important  drcumstence  in  the  law  of 
definite  proportions,  that  when  one  metaHic 
or  inflammable  basis  (potassium  or  hydrogen, 
lor  example)  combines  with  certain  propor* 
tions  -of  a  compound,  as  hyperoxygenated 
chlorine,  all  the  others  combine  with  the 
same  proportions. 

M.  Gay  Lussac  states,  that  if  the  chloric 
add  be  not  admitted  as  a  pure  combination 
of  chlorine  and  oxygen,  neither  can  the  hy- 
dronitric  or  bydroauiphuric  adds  be  admte- 
ted  as  pure  combinations  of  oxygen.  Hue 
is  perfectly  obvious.  An  add  composed  of 
five  proportions  of  oxygen  and  one  of  ni- 
trogen, IS  altogedier  hypothetical ;  and  it  is 
a  simple  statement  of  fiuks  to  say,  that  liquid 
nitric  acid  is  a  compound  of  one  prime  equi- 
valent of  hydrogen,  one  of  asote,  and  six  of 
oxygen ;  (such  add  has  a  sp.  gr.  consider- 
ably greater  than  1.50).  The  only  differ- 
ence,  therefore,  between  nitre  and  byperoxy- 
muriate  of  potash  is,  that  one  contains  a 
prime  of  azote,  and  the  other  a  prime  of 
chlorine.— >Thus, 


Nitrate  of  Potash. 

1  prime  azote, 
-6  primes  oxygen, 

1  prime  potassium. 


Chlorate  of  Potath, 
I  prime  chlorine, 
6  primes  oxygen, 
1  prime  potassium. 


In  each,  substitute  hydrogen  for  ita  kindred 
combustible,  potassium,  and  you  have  the 
yquid  adds. 

llie  chloriodic  add,  the  chlorocarbonous, 
and  the  binary  adds  containing  hydrogen, 
as  m«matic  and  hydriodic,  combine  with  am- 
monia without  decompositioik;  but  they  ap- 
pear to  be  decomposed  in  acting  upon  the 
fixed  alkalis,  or  alkaline  earths  ;  and  yet  the 
solid  substances  they  form  have  all  the  cha- 
racters which  were  formerly  regarded  as  pe- 
culiar to  neutral  salts,  consisting  of  adds 
and  alkalis,  though  none  of  them  contain 
the  arid,  and  only  the  two  first  of  the  series 
contain  the  alkalis  from  which  they  are 
formed.  The  preceding  views  of  saline 
constitution  seem  to  be  perfectly  clear,  and 
satisfactory ;  and  place  in  a  conspicuous 
light  tiie  paramount  logic  of  the  English 
chemist 

The  solubility  of  salts  in  water  is  tbdr 
most  important  general  habitude.  In  this 
menstruum  they  are  usually  crystallized; 
and  by  its  agency  they  are  purified  and  se- 
parated from  one  another,  in  the  inverse 
order  of  tbdr  solubility. 

M.  Gay  Lussac  published  in  the  Ann.  de 
Chimie  et  de  Fhys.  xi.  896.  an  impfntant 
memoir  on  the  solubility  of  salts,  from  which 
I  diall  make  a  few  extracts. 
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One  is  wtonitJifd,  Mjt  this  ezoeDcnt  cli»- 
Twiat,  on  penuing  the  difierent  cfaemtad 
works,  at  the  inaocuracy  of  our  knowledge 
respectiiig  the  solubility  of  the  salt^  Tliey 
aatUfy  themselves  with  the  common  obserra- 
tion,  that  the  salts  are  more  soluble  in  hot 
than  in  cold  water,  and  mth  the  solubility  of 
a  few  of  them  at  a  temperature  usually  yery 
uncertain ;  yet  it  is  upon  this  property  of 
salts  that  their  mutual  decomposidon,  their 
eeparatiouy  and  the  different  processes  for 
analysing  them,  depend.  As  a  chemical 
process,  the  solution  of  the  salts  deserves 
peculiar  attention ;  for  though  the  causes  to 
which  it  b  due  are  the  same  as  those  which 
produce  other  combinations,  yet  their  effects 
are  not  similar.  It  is  to  be  wished  that  this 
interesting  part  of  chemistry,  after  remain- 
ing so  long  in  vague  generalities,  may  at 
last  enter  the  domain  of  experiment,  and 
that  the  solubility  of  each  body  may  be  de- 
termined, not  merely  for  a  fixed  tempera- 
ture, but  for  variable  temperatures.  In  the 
natural  sciences,  and  especially  in  chemis- 
try, general  conclusions  ought  to  be  the 
result  of  a  minute  knowledge  of  particular 
fiu:ts,  and  should  not  precede  that  know- 
ledge.  It  is  only  after  having  acquired 
this  knowledge,  that  we  can  be  sure  of  the 
existence  of  a  common  type,  and  that  we 
can  venture  to  state  fiitcts  in  a  general 
manner. 

The  determinatioa  of  the  quantity  of  salt 
which  water  can  dissolve^  is  not  a  very  diffi- 
cult process.  It  consists  in  saturating  the 
water  exactly  with  the  salt  whose  solubility 
we  wish  to  know  at  a  determinate  tempera- 
ture, to  weigh  out  a  certain  quantity  of  that 
solution,  to  evaporate  it,  and  weigh  the  sa- 
line residue.  However,  the  saturation  of 
water  may  present  considerable  uncertainty ; 
and  before  going  further  it  is  proper  to  exa- 
mine the  subject. 

We  obtain  a  perfectly  saturated  saline  so- 
lution in  the  two  following  veays :— By  heat- 
ing the  water  with  the  salt,  and  allowing  it 
to  cool  to  the  temperature  whose  solubility  is 
wanted ;  or  by  putting  into  cold  veater  a 
great  excess  of  sdt,  and  gradually  elevating 
the  temperature.  In  each  case,  it  is  requi- 
site to  keep  the  final  temperature  constant 
for  two  hours  at  least,  and  to  fttir  the  saline 
solution  frequently,  to  be  quite  sure  of  its 
perfect  saturation.  By  direct  experiments, 
made  with  much  care,  M.  Gay  Lussac  ascer- 
tained that  these  two  processes  give  the  very 
same  result,  and  that  of  consequence  they 
may  be  employed  indiffSsrently. 

Yet  Dr  Thomson  says,  he  found  that 
water  retains  more  oxide  of  arsenic  when 
saturated  by  cooling,  than  when  put  in  con- 
tact with  the  oxide  without  any  elevation  of 
temperature ;  but  the  reason  I  am  persuaded 
was,  that  he  employed  too  little  oxide  of  ar- 
senic relatively  to  the  water,  and  that  he  did 


not  praloiig  die  contact  ■nlBcicntl j.     We 
perceive,  in  fiic^  on  a  little 
saturation  foflows  in  its  progreas  a 
progmssionj  and  that 
fbr  completing  it  depends 
the  soHiioe  of  contact  of  the  solvent  and  dn 
body  to  be  dissolved. 

It  happens  often  that  the  solution  of  a  sak 
which  does  not  crysrallin*,  and  wliidi»  tar 
that  reason,  we  consider  as  satoiatc 
saline  molecules  to  the  crystals  of 
nature  plunged  into  it ;  and  it  haa 
duded  from  this,  that  the  crystak  of  a 
impoverish  a  solution,  and  make  it  sink 
low  its  true  point  of  saturation.  The 
is  certain ;  it  is  even  very  general ;  but  I  am 
of  opinion  that  it  has  been  ill  explained. 

Saturation  in  a  saline  solution  of  an  invn- 
riable  temperature,  is  the  point  at  which  the 
solvent,  always  in  contact  with  the  aah,  can 
neither  take  up  any  more,  nor  let  go  any 
more.  This  point  is  the  only  one  wfaidi 
should  be  adopted,  because  it  is  determined 
by  chemical  forces,  and  becauae  it 
constant  as  long  as  these  forces  remain 
stent.  According  to  this  definition,  evcrf 
saline  solution  which  can  let  go  salt  witfaont 
any  change  of  temperature^  is  of  iwo'iiitj 
supersaturated.  It  may  be  shown  that,  m 
general,  supersaturation  is  not  a  fixed 
and  that  the  cause  which  produces  it 
same  as  that  which  keeps  water  liquid 
the  temperature  at  which  it  congeak. 

**  I  shall  now  give  an  account  ol*  the 
periments  which  I  have  made  on  the  solnfas* 
lity  of  the  salts. 

'*  Having  saturated  water  widi  a  sak  at  a 
determinate  temperature^  as  I  have  explained 
above,  I  take  a  matrass  capable  of  holding 
150  to  200  grammes  of  water,  and 
neck  is  15  to  18  centimetres  in  length, 
having  weighed  it  empty,  it  is  filled  to 
a  fourth  part  with  the  saline  solution, 
weighed  again.  To  evaporate  the  water, 
matrass  is  laid  bold  of  by  the  neck  by  a 
of  pincers,  and  it  is  kept  on  a  red-hot  iron  at 
an  angle  of  about  45*^,  taking  care  to  mo>v« 
it  continually,  and  to  give  the  liquid  a  roC^ 
tory  motion,  in  order  to  favour  the  boiling 
and  to  prevent  the  violent  bubbling  up  which 
is  very  common  with  some  saline  solution^ 
as  soon  as,  in  consequence  of  evapontions, 
they  begin  to  deposit  crystals.  When  the 
ttiline  mass  is  dry,  and  when  no  more  aqu^ 
ous  vapoun  are  driven  off  at  a  heat  nearly 
raised  to  redness,  I  blow  into  the  matraas^ 
by  means  of  a  glass  tube  fitted  to  the  noole 
of  a  pair  of  bellows,  in  order  to  drive  out  the 
aqueous  vapour  which  fills  it.  The  matnas 
is  then  allowed  to  cool,  and  weighed.  I  now 
know  the  proportion  of  water  to  the  salt  hdd 
in  solution,  and  this  is  expressed  by  repre- 
senting the  quantity  of  water  to  be  lOOl 
Each  of  the  following  results  is  the  mean  of 
at  least  two  experiments  :—• 
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MubiUty  tf  Chloride  of  PMoMiscm. 


T^Binpmitim 
oentlgnMl& 

19.35 

52.39 

79.58 

109.60 


Chloride  dinolred  by 
100  water. 

29.21 

34.53 

4a  59 

50.93 

59.26 


SoitUriHty  of  Chloride  of  Barium. 
Temperature  centii^Mla    Sett  dtaMdred  in  100  water. 
15.64P  34).86 

49.31  4a84 

74.89  50.94 

105.48  59.58 

In  these  experiments,  the  chloride  of  ba- 
rium is  suppceed  to  be  anhjdrous ;  but  as 
when  it  is  crystallized  it  retains  two  propor> 
tions  of  water,  22.65,  for  one  of  chloride, 
131. 1,  we  most  of  necessity,  in  order  to  com- 
pare its  solubility  with  that  of  other  salts,  in- 
crease  each  number  of  solubility  by  the  same 
number  multiplied  into  the  ratio  of  22.65  to 
131. 1,  and  diminish  by  as  much  the  quantity 
of  water.  On  making  this  correction,  the 
preceding  results  will  be  changed  into  the 
following  :•— 

Temperatnre.  Salt  dinolTed  in  100  water. 

15.64<>  4a50 

49.31  55.63 

74.89  65.51 

105.48  77.89 

Sohifnlity  of  Chloride  of  Sodium. 

Temperature.  Bait  dinolTed  in  100  water. 

13.89<>  35.81 

ia90  35.88 

59.93  37.14 

109.73  40.38 

SohMHUf  of  Sulphate  rf  Potash . 

Temperature:  Halt  diiaolred  in  100  water. 

12.720  10.57 

4.9.08  16.91 

6a90  19.29 

101.50  26.33 

SohMUitf  ^Sulphate  of  Magnena, 
Temperature.  Salt  dfawlred  in  100  water. 

1458°  32.76 

39.86  45.05 

49.08  49.18 

64.35  56.75 

97.03  72.30 

The  sulphate  of  magnena  is  here  supposed 
anhydrous;  but  as  it  crystallizes  retaining 
seven  portions  of  water,  79.3,  for  one  propor- 
tion of  salt,  74.6,  each  number  which  ex- 
presses the  solubiUty,  must  be  increased  by 
this  number  multiplied  by  the  ratio  of  79.3 
to  746,  and  the  corresponding  quantity  of 
water  diminished  as  much.  We  shall  thus 
have  for  the  solubility  of  crystallized  sulphate 
of  magnesia  the  following  results  :— 
Teropereturs. 

1458°  10a69 

39.86  17a34 

49.06  212.61 


Temperature. 

64.35°  295.13 

97.03  644.44 

These  results  are  no  longer  proportional 
to  the  temperatures ;  they  augment  in  a  much 
greater  ratio. 

Solubility  of  Sulphate  of  Soda. 

Salt  aotuble  tai  100  water. 
Tonperatureii       Anhydrout.       CryttaJBaed. 

0.000  5.02  12.17 

11.67  10.12  26.38 

ia30  11.74  31.33 

17.91  16.73  4a28 

25.05  2a  11  99.48 

28.76  37.35  16J.53 

30.75  43.05  215.77 

31.84  47.37  270.22 

32.73  50.65  322.12 

3a88  50.04  312.11 

40.15  4a78  291.44 

45.04  47.81  276.91 

50.40  46.82  262.35 

59.79  45.42  — 

70.61  44.35  — 

84.42  42.96  — 

103.17  42.65  — 

We  see  by  these  results,  that  the  solubility 

of  sulphate  of  soda  follows  a  very  singular 

law.   AfVer  having  increased  rapidly  to  about 

the  temperature  of  33°,  where  it  is  at  its 

maximum,  it  diminishes  to  10ai70;  and  at 

that  point  it  is  nearly  the  same  as  at  30.5°. 

The  sulphate  of  soda  presents  the  second 

example  of  a  body  whose  solubility  diminishes 

as  the  temperature  augments ;  for  Mr  Dal- 

ton  has  already  observed  the  same  property 

in  lime. 

Solubility  of  Nitrate  of  Baryta. 

Temperature.  Salt  dlaaoKed  m  100  water. 

0.00°  5.00 

1495  a  18 

17.62  8.54 

37.87  ia67 

49.22  17.07 

52.11  17.97 

7a75  2&01 

86.21  29.57 

101.65  35.18 

SoluhUity  of  Nitre. 

Temperature.         Salt  dlaolved  In  100  water. 

0.00°  ia32 

5.01  ia72 

11.67  22.23 

17.91  29.31 

24.94  3a40 

35.13  5482 

45.10  7466 

5472  97.05 

65.45  125.42 

79.72  169.27 

97.66  236.45 

SolubilUy  of  Chlorate  of  Potash. 
Temperature. 

0.00°  a33 

ia32  5.60 
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Temnentnre. 
15.370 

24.43 

35.02 

49.06 
74.89 
104.78 


6.03 

&44 

12.05 

35.40 
60.24 


The  principal  uses  of  the  muriate  of  soda 
have  already  beeu  mentioned  under  the  arti- 
cle muriatic  add.  In  addidon,  it  maj  be 
observed,  that  almost  all  graminiTorous  ant- 
mab  are  fond  of  it,  and  t£it  it  appears  to  be 
beneficial  to  them,  when  mixed  with  their 
food.  Wood  steeped  m  a  solution  of  it,  so 
as  to  be  thoroughly  impregnated  with  it,  is 
very  difficult  of  oonibustion :  and  in  Persia 
it  is  supposed  to  prerent  timber  from  the  at- 
tack of  worms,  for  which  purpose  it  is  used 
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in  that  country.  Brace  infonns  ua,^ 
Abyssinia  it  is  used  as  money;  and  it  is 
probable,  that  the  pillars  of  fbasil  glaa^  ia 
which  the  Abyssinians  are  said  by  HerodotBi 
to  have  cndoeed  the  bodies  of  tficir  iilBiinai, 
were  n<rthing  but  mssifs  of  rock  saH,  wfaidi 
is  yery  common  in  that  part  of  Africa. 

Salt  was  supposed  by  the  ancients  to  be  so 
detrimental  to  vc^etatioo,  Hiat,  when  •  field 
was  condemned  to  sterility,  it  was  cortonary 
to  sow  it  with  salt.  Modern  agricnltarisH^ 
howerer,  consider  it  as  a  useful  nanure. 

We  are  indebted  to  Dr  Henry  for  a 
elaborate  inrestigation  of  the  different 
ties  of  common  salt.     The  following 
contains  the  general  statement  of  his  cspoi- 
ments. 


1000  parts  by  weight  consist  of 


Kind  of  salt. 


,  S?  C  St  Ube's, 
I J  ^  St  Martin's, 
4  C  Oleron, 

?g  r  Scotch  (common), 
^r*  3  Scotch  (Sunday), 

t^^  Lymington  (com.), 
■  .:?(.  Ditto  (cat), 

Q  C  Crushed  rock, 
£|  3  Rsheiy, 
^Bj  Common, 

'(.Stoved, 


9 
12 
10 

4 
1 
2 
1 

10 
1 
1 
1 


do. 
do. 


0.tV| 

H 


3 

H 
2 

28 
llj 
11 
5 

0.A 
0.4 

I0.i: 


3 

2 
28 

11* 
5 


1 


1 
1 


23} 

19 

19} 

15 

12 

15 

1 

■n 

14} 
15} 


6 

■It 

35 
5 


■3 

14} 


40 

40} 

35| 

64} 
29 
63 
12 


060 


935} 
971 
937 
968 


**  In  -sea  salt  prepared  by  rapid  erapora- 
tion,  the  insoluble  portion  b  a  mixture  of 
carbonate  of  lime  with  carbonate  of  magnesia, 
and  a  fine  siliceous  sand  ;  and  in  the  salt  pre- 
pared from  Cheshire  brine,  it  is  almost  entire- 
ly carbonate  of  lime.  The  insoluble  part  of 
the  less  pure  pieces  of  rock  salt  is  chiefiy  a 
marly  earth,  with  some  sulphate  of  lime.  The 
quantity  of  this  impurity,  as  it  is  stated  in  the 
table^  is  considerably  below  the  avenge,  which 
in  my  experiments  has  varied  from  10  to  45 
parts  in  1000.  Some  estimate  of  its  general 
proportion,  when  ascertained  on  a  larger 
scale,  may  be  formed  from  the  fact,  that 
Government,  in  levying  the  duties,  allow  65 
pounds  to  the  bushel  of  rock  salt,  instead  of 
56  pounds,  the  usual  weight  of  a  bushel  of 
salt."— iSenry.  PhiL  Trans,  for  1810,  Part 
1st  The  contamination  of  the  Scotch  variety ' 
with  that  septic  bitter  salt,  muriate  of  mag- 
nesia, accords  perfectly  with  my  own  experi- 
ments. 


"  That  kind  of  salt,  then,"  says  Uiis  able 
chemist,  "  which  possesses  most  eminently 
the  combined  properties  of  hardness,  com- 
pactness, and  perfection  of  crystals,  will  be 
best  adapted  to  the  purpose  of  parking  fish 
and  other  provisions,  because  it  will  remain 
permanently  between  the  different  layers,  or 
will  be  very  gradually  dissolved  by  the  fluids 
that  exude  from  the  provisions ;  thus  furnish- 
ing a  slow  but  constant  supply  of  satunrted 
brine.  On  the  other  hand,  for  the  puipose 
of  preparing  the  pickle,  or  of  striking  the 
meat,  which  is  done  by  immersion  in  a  satu- 
rated solution  of  salt,  the  smaller  grained 
varieties  answer  equally  well ;  or,  on  aoooont 
of  their  greater  solubility,  even  better,*'  pro- 
vided they  be  equally  pure.  His  experi- 
ments show,  that  in  compactness  of  texture 
the  large  grained  British  salt  is  equal  to  the 
foreign  bay  salt.  Their  antiseptic  qualities 
are  also  the  same. 
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SALT  (SPIRIT  OF). 


7S6 


SAPPHIRE. 


SALT  (AMMONIACAL,  FIXED). 
Moriaite  of  lime. 

SALT  (AMMONIACAL»  SECRET) 
OF  GLAUBER.     Sulphate  of  emmoiiia. 

SALT  (ARSENICAL,  NEUTRAL) 
OFMACQUER.    SuperwaenUteofpotadi. 

SALT  (BITTER,  CATHARTIC).  Sul- 
phate  of  magnesia. 

SALT  (COMMON)!  Muriate  of  90dm. 
See  Acii>  (Muuatxc)  ;  also  end  of  the  article 
Salt,  and  Rock  Salt. 

SALT  (DIGESTIVE)  OF  SYLVIUS. 
Acetate  of  potash. 

SALT  (DIURETIC).  Acetate  of  potash. 

SALT  (EPSOM).    Sulphate  of  magnesia. 

SALT  (FEBRIFUGE)  OF  SYLVIUS. 
Muriate  oif  potash. 

SALT  (FUSIBLE).  Phosphate  of  am- 
monia- 

SALT  (FUSIBLE)  OF  URINE.  Triple 
phosphate  of  soda  and  ammonia. 

SALT  (GLAUBER'S).  Sulphate  of 
soda. 

SALT  (GREEN).  In  the  mines  of 
WieUcxka  the  workmen  give  this  name  to  the 
upper  stratum  of  native  salt,  which  is  ren- 
dered impure  by  a  mixture  of  clay. 

SALT  (MARINE).     Muriate  of  soda. 

SALT  (MARINE,  ARGILLACE- 
OUS).    Muriate  of  alumina. 

SALT  (MICROCOSMIC.  OViple  phos- 
phate of  soda  and  ammonia. 

SALT  (NITROUS  AMMONIACAL). 
Nitrate  of  ammonia. 

SALT  OF  AMBER.     Succinic  add.     - 

SALT  OF  BENZOIN.     Benzoic  add. 

SALT  OF  CANAL.  Sulphate  of  mag- 
nesia. 

SALT  OF  COLCOTHAR.  Sulphate 
of  iron. 

SALT  OF  EGRA.  Sulphate  of  mag- 
nesia. 

SALT  OF  LEMONS  (ESSENTIAL). 
Superoxalate  of  potash. 

SALT  OF  SATURN.    Acetate  of  lead. 

SALT  OF  SEDLITZ.  Sulphate  of 
magnesia. 

SALT  OF  SEIGNETTE.  IViple  tar- 
trate of  potash  and  soda. 

SALT  OF  SODA.    Subcarbonate  of  soda. 

SALT  OF  SORREL.  Superoxalate  of 
potash. 

SALT   OF  TARTAR.     Subcarbonate 

of  potash. 

SALT  OF  VITRIOL.     Purified  sul- 

pbate  of  zinc. 

SALT  OF  WISDOM.  A  compound 
muriate  of  mercury  and  ammonia.      See 

ALEMBftOTB. 

SALT  (PERL  ATE).  Phosphate  of  soda. 

SALT  (POLYCHREST)  OF  GLA- 
SER.     Sulphate  of  potash. 

SALT  (SEDATIVE).     Boradc  add. 

SALT  (SPIRIT  OF).     Muriatic   add 


IB 


formerly  called  by  tlib 
still  retains  in  oommercev 
SALT  (SULPHUREOUS)  OF  STAHI^ 
Sulphite  of  potash. 

SALT  (WONDERFUL).     Solphate  of 
soda. 

SALT  (WONDERFUL  PERLATE). 
Phosphate  of  soda. 

SALTPETRE.     Nitrate  of  poCsHli. 

SAND.     Sand  is  an  assemblage  of 
stones. 

sand-bath.     See  Bath. 

SANDARICGUM.    Arcainin 
ish-white  tears,  possessing  a  oonsiderBbfe 
gree  of  transparency. 

SANDI VER  OB  GLASS-GALL, 
is  a  saline  matter,  which  rises  as  a 
tfie  pota  or  crudbles  in  which  glaaa  is 

SANGUIFICATION,  lliat  process  of 
living  animals  by  which  diyle  u  oonverted 
into  blood-  I  had  entertained  hopes  of  b»> 
ing  able  to  present  some  definite  fiiicts  on  As 
mysterious  subject,  but  have  been  disappoiiil- 
ed.  Tlie  latest  essay  on  sanguificetiflti  is 
that  of  Dr  Pnmt,  in  the  Annals  of  Phapss 
phy  for  April  1819. 

SANGUINARL  A  supposed  new  ve- 
geto-alkali,  extracted  by  M.  Dana  fiam  the 
Sanguinaria  Canadends  or  American  biood 
root  It  is  a  white  pearly  solid  ;  acrid ;  rad- 
dens  tincture  of  litmus,  and  combines  with 
adds  so  as  to  neutralize  them. 

SAPPARE.     Cyanite. 

SAPPHIRE.     A  sub-spedes  of 
bmdal  corundum.    It  is  the  Ulesie  of 
and  ihe  perfect  corundum  of  Boumon. 
oriental  ruby  and  topaz  are  sapphires. 

Colours  blue  and  red  ;  it  occurs  also  grey, 
white,  green,  and  yellow.  It  occurs  in  blonu 
edged  pieces,  in  roundish  pebbles,  and  ciyB- 
tallized.  Hie  primitiTe  figure  is  a  allgfacly 
acute  rhomboid,  or  double  3  sided  pyramid 
in  which  the  alternate  angles  are  86^  4/  and 
939  5&.  The  following  are  the  asual  fanns : 
—a  very  acute,  equiangular,  six-sided  pyr^ 
mid ;  the  same  truncated  on  the  summit;  a 
perfect  six-sided  prism ;  an  acute  double  six- 
sided  pyrsmid ;  the  same  acuminated,  or  trun- 
cated in  various  ways:  Splendent,  inclined 
to  adamantine ;  cleavage  parallel  widi  Cbe  Ccr- 
minal  planes  oif  the  prism ;  fracture  concha^ 
dal ;  from  transparent  to  translucent ;  refracts 
double.  After  diamond  it  is  the  haidest  sub- 
stance in  nature.  The  blue  variety,  or  sap- 
phire, is  harder  than  the  ruby.     Brittle  ;  sp^ 

gr.  4  to  4fi.2.     Its  eonstituenti  are. 

Blue.  Red. 

Alumina,  96.5  90l0 

Lime,  6,5  7.0 

Oxide  of  iron,        1  1.2 

1.8 


Ibe 


100.0 
Ktajtrotit, 


loao 

Chenemx, 
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SCAPOLITE. 


Infusible  before  the  blowpipe.  It  becomes 
electrical  by  rubbiiig,  and  retains  its  electri- 
city for  several  houiB ;  but  does  not  become 
electrical  by  heating.  It  occurs  in  alluvial 
soil,  in  the  vicinity  of  rocks  belonging  to  the 
secondary  or  floets-tmp  formation,  and  im- 
bedded in  gneiss.  It  is  found  at  Podsedlits 
9nd  Treblits  in  Bohemia,  and  Hobenstein  in 
Saxony;  Expailly  in  France;  and  particu- 
larly beautiful  in  the  CapeUn  mountains,  12 
days*  journey  from  Sirian,  a  city  of  Bsgu. 
Next  to  diamond,  it  is  the  most  valuable  of 
the  gems.  The  white  and  pale  blue  varie- 
ties, by  exposure  to  heat,  become  snow-white, 
and  when  cut  exhibit  so  high  a  d^^ree  of 
lustre,  that  they  are  used  in  place  of  diamond. 
The  moat  highly  prised  varieties  are  the  crin^ 
son  and  carmine-red ;  these  are  the  oriental 
ruby  of  the  jeweller ;  the  next  is  aapphire ; 
and  last,  the  yellow,  or  oriental  topaz,  Tbe 
atteriaSf  or  star-stone,  is  4  very  beautiful  va- 
riety, in  which  the  colour  is^enerally  of  a 
veddisli- violet,  and  th^  form  a  rhomboid,  with 
truncated  apices,  which  exhibit  an  opalescent 
lustre.  A  sapphire  of  10  carats  weight  is 
considered  to  be  worth  fifty  guineas      Jame- 

MX. 

SAPHIRIN.     Hauyne. 

SARCOCOLL.  A  substance  which  ex- 
udes spontaneously  from  the  penea  mr- 
cocaUot  a  shrub  which  grows  in  Northern 
Africa.  It  is  a  solid,  in  small  globules,  se- 
mitransparent,  yellow,  and  in  smell  approach- 
ing to  anise.  It  appears  to  consist  of  four 
substances :— 1.  Pure  saroocoU ;  2.  Ligneous 
fibre;  3.  Reddish  earthy-looking  matter;  4. 
A  kind  of  jelly,  which  u  procured  in  small 
soft  tremulous  masses,  when  the  sarcocoll  of 
commerce  is  dissolved  in  spirit  of  wine  or 
water.  Pure  sarcocoll  is  the  most  abundant 
of  these  bodies;  it  is  extractible  by  either 
water  or  alcohol,  and  by  evaporating  the 
solution.  It  is  brown,  brittle,  uncrystallii- 
able;  its  taste  is  saccharine^  and  slightly  bit- 
ter ;  thrown  on  a  red  hot  iron,  it  softens,  ex- 
hales an  odour  of  caramel,  takes  the  consis- 
tence of  pitch,  and  bums  away  with  hardly  any 
residuum.    It  resembles  extracts  of  liquorice. 

S ARCOLITE.     A  variety  of  analcine. 

SARDE,  oa  SARDOIN.  A  variety  of 
carnelian,  which  displays  on  its  surface  an 
agreeable  and  rich  reddkfa-brown  colour,  but 
appears  of  a  deep  blood-red  when  held  be- 
tween the  eye  and  the  li^t. 
.  SARDONYX.  Another  variety,  com- 
posed  of  layers  of  white  and  red  carnelian. 

SASSOLINE.  Native  boradc  acid.  It 
is  found  on  the  edges  of  hot  springs  near 
Sasso,  in  the  territory  of  Florence.  It  con- 
suts  of  boracic  acid  86,  ferruginous  sulphate 
of  manganese  11,  sulphate  of  lime  3. — ATo- 
proth, 

SATIN    SPAR.       Fibrous    limestone; 
which  see. 

SATURATION.    There  are  many  sub- 


stances vrhicfa  cannot  be  dissolved  in  a  fluid, 
at  a  settled  temperature,  in  any  quantity  be- 
yond a  certain  proportion.  Thus  water  will 
dissolve  only  about  ooe-third  of  its  weight  of 
common  salt,  and,  if  more  be  added,  it  will 
remain  solid.  A  fluid,  which  holds  in  solu- 
tion as  much  of  any  substance  as  it  can  dis- 
solve»  is  said  to  be  saturated  with  it.  But 
saturatioo  vrith  one  substance  does  not  de- 
prive the  fluid  of  its  power  of  acting  on  and 
dissolving  some  other  bodies;  and  in  many 
cases  it  increases  this  power.  For  example, 
water  saturated  with  salt  will  dissolve  sugar. 

The  word  saturation  is  likewise  used  in 
another  sense  by  chemists.  The  union  -of 
two  principles  produces  a  body,  the  proper- 
ties of  which  differ  from  those  of  its  compo- 
nent parts.  When  the  principles  are  in 
such  proportion  that  neither  predominates, 
they  are  said  to  be  saturated  with  each  other  ; 
but  if  otherwise  the  most  predominant  prin- 
ciple u  said  to  be  subsaturated,  and  tbe  other 
supersaturated. 

SAUSSURITE.  Coloun  whiter  grey, 
and  green ;  massive,  disseminated,  and  in  roll- 
ed pieces;  dull;  firacture  splintery;  fiuntly 
translucent  on  the  edges ;  difficultly  frangi^ 
ble ;  hard,  scratching  quarts ;  meagre  to  the 
feel ;  q>.  gr.  3.2 :  it  melts  on  the  edges  and 
angles.  Its  constituents  are,  silica  49,  alu* 
mina  24^  lime  10.5^  magnesia  3.75,  natron 
5.5,  iron  6.5.— JTila/irolA.  It  occurs  at  the 
foot  of  Mount  Rosa.  IVofessor  Jameson 
places  it  near  Andalusite. 

SCALES  OF  FISH  consist  of  alternate 
layers  of  membrane  and  phosphate  of  lima 

SCALES  OF  SERPENTS  are  compos- 
ed of  a  homy  membrane,  without  the  calca- 
reous phosphate. 

SC  AMMON  Y  consists  of 


Resin, 
Gum, 
Extractive, 
Vegetable  debris 
and  earth. 


! 


Aleppo. 

60 
3 
2 

35 


*&&yms. 
29 
8 
5 

58 


100  100 

Vogelf  and  Bouillon  Lagrange » 

SCAPOLITE,  OR  PYRAMIDAL 
FELSPAR.  Professor  Jameson  divides  it 
into  four  sub-species;  radiated,  foliated, 
compact  red,  and  elaolite. 

1.  BadiatedL  Colour  grey;  massive^  in 
distinct  concretions  and  crystallised.  Primi- 
tive figure  a  pyramid  of  \2&>  2»  and  62^' 
56^:  the  secondary  forms  are,  a  rectangu- 
lar four-sided  prism,  acuminated  or  truncat- 
ed ;  lateral  planes  deeply  longitudinally 
strmked ;  resinous,  pearly ;  cleavage  double ; 
fracture  fine  grained  uneven;  translucent; 
as  bard  as  apatite ;  easily  frangible ;  sp.  gr. 
2.5  to  2.8. :  green  scapolite  becomes  wldte 
before  the  blowpipe,  and  melts  into  a  white 
glass.     Its  constituents  are,  silica  4f5,  alu^ 

3  A 


SCHORU 
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roiiui  33,  lime  17.6,  nptrpv  1.^  po«a»h  (k6, 
ifOfi  and  vaangmen^  \,^-^Lfnigkr'  It  occurs 
in  th9  ndgbbourfaood  of  Af^ndal  in  Norwmj, 
■■pociatfd  with  ini(gp«Cic  ironstone^  fdqMr, 

8.  FvUated  ieap^Sie.  Goloun  grey,  greeny 
and  bkck ;  maseive^  diMeoainated,  and  crya- 
tallized  in  low  eigfat-aided  pKanis,  flatly  aci^ 
minated  with  four  planea ;  splendent,  litreo 
eus ;  fracture  small  grained,  uneven ;  tranfr. 
hicent ;  streak  white ;  brittle ;  hardnsas  and 
sp«  gr*  as  preceding  species-  It  is  found  in 
granular  granite  or  uMteUonef  in  the  Saxon 
Krzegehirge. 

3,  Compact  tcapoHU*  Colour  red;  crys- 
talliaed  in  long,  acicular,  four*sidfld  pdsma, 
which  are  often  curved ;  gUstening ;  opaque  ; 
bard  in  a  low  degree ;  easily  frangible.  It 
oecun  with  the  others  in  metalliferous  beds 
at  Axendal. 
.  4.  See  Elaoute. 

SCHAALSTEIN.    See  Tabular  ^ab. 

SCHAUM  EARTH.     See  Aphaite. 

SCHEELIUM.     Tungsten. 

SCHEERERITE.  A  new  apedes  oC 
combustible  mineral,  found  in  a  bed  of 
brown  coal  near  St  Gallen  in  Switaerland. 
It  exists  in  loosely  aggr^^ated,  whitish, 
feebly  shining,  pearly,  crystaUioe  grains,  and 
folia,  that  generally  occur  in  nests  in  brown 
CoaL  It  is  rather  heavier  than  water ;  doea 
not  feel  greasy ;  is  very  friable,  and  has  no 
taste.  It  melu  at  36^  R>  into  a  colourleaa 
liquid.  In  this  state  it  resembles  a  fat  oil, 
penetrates  paper  in  tiie  same  manner,  but 
the  spots  or  stains  disappear  with  heat  llie 
melted  mineral  crystallixes  on  cooling  into 
fetur-sided  acicular  crystals.  It  readily  in- 
flames, and  bums  completely  away,  with  a 
feeble  aromatic  smell.  It  seems  to  he's 
miperal  naphthaline. 

SCHIEFER  SPAR.     See  Slat«  Spab. 

SCHILLER  SPAR.  This  species  con- 
tains two  sub-species ;  bronzite  and  common 
Schiller  spar.     See  Bbonzits. 

Common  schilier  spar.  Colour  diTe-green ; 
disseminated,  and  in  granular  distinct  con- 
cretions; splendent  and  metallic,  pearly; 
cleavage  single ;  opaque ;  softer  than  bronzite ; 
streak  greenish-grey;  easily  frangible;  sp. 
gr.  8.883  ?  It  occurs  imbedded  in  serpentine 
in  Fetlar  end  Unst  in  Shetland,  and  at  Port- 
soy in  Banfishire ;  also  in  Skye,  Fifoshire^ 
Calton-hiU,  near  Dumbarton,  between  BaU 
lanlrae  and  Girvan  in  Ayrshire^  and  in  Com- 
walL 

Labrador  sckiUer  spar.     See  HyFEBflTENE. 

SCHMELZSTEIN.     Dipyre. 

SCHORL  (COMMON).  A  sub-species 
qf  rhomlx»dal  tourmaline.  Colour  velveU 
black;  massive^  disseminated,  and  crystal- 
lised in  threes  six,  and  nine-sided  prisms; 
crystals  acicular;  lateral  planes  longitudi- 
nally streaked ;  between  shining  and  glisten- 
ing ;  fracture  coochoidal  or  uneven;  opaque; 


Streak  grey;  as  bardaaquarta 
giUe;  sp.  gr.  3  to  a3:   it 
blackish  slag.      Us  cooatitne! 
36.75,  alumina  dlu^  magnena  0.25, 
of  iron  21,  potaah  6»  and  a  trace  of 
i^aa.^^jLlaproik.     It  extents  the 
trie  propertiea  aa  tourmaline.     It 
bedded  in  granite,  gneisB,  &c.  in 
Banfiahufe,  Cornwall*  &c 

SCHORL(BLU£).  AvanetyoTHniiyHk 

SCHORL  (RED  AND  TITANIT1C)l 
Rutikw 

SCHORLITE,  OR  SCHORLOUS  T€^ 
P  A&  Fpcmite  of  Werner. 
yellow ;  massive,  composed  of  parallei 
malic  concretion^  and 
siawded  prisms ;  gjistenii^ 
ture»  anudl  coochoidal; 
edgea;  nearly  aa  hard 
brittle;  apu  gr.  3.63:  infuaiUe; 
dectiic  by  beatiag.  Ita 
alumina  61,  silica  3&i3»  fluoric  acid  SMk, 
U  occurs  at 
in  a  rock  of  qaarts  and 
porphyry. 

SCILLITIN.     AwfattetnaMpai 
substance,  extracted  from  squills  by  VogeL 

SELENIUM.  A  new  elementary  body, 
extracted  by  M.  Bcradiuslhun  the  pyrites  of 
Fahlun,  which,  from  its  chemical  |mo|m  iliaa, 
he  places  between  snlphur  and  telliaina% 
though  it  has  mere  properties  m 
with  the  former  than  with  thelattari 
It  was  obtained  in  exceedingly  smaD 
tity  from  a  huge  portion  of  pyritea*  Fer  Ike 
mode  of  extraction,  I  most  reftr  to  hie  le^g 
and  elaborate  papera  translated  fromtbe  An- 
nalea  de  Chimie  et  de  Physique,  ix.  et  sep. 
into  the  Annals  of  Fbikaophy,  far  Jnao^ 
August,  October,  and  December  1819^  and 
January  1820. 

Professor  Stromeyer  hss  lately 
selenium  under  two  difiereot  fonns, 
which  is  altogether  new.  On 
fuming  sulphuric  acid,  snch  as  ia 
Nordbausen  from  the  sulphate  of 
observed  that  a  solid  aurtter  separated, 
on  examination  proved  to  be  sefenium. 
pound  of  the  add  gave  on  dilution  about  i 
^ain  of  selenium.  Hie  second  sooroe  of 
selenium  is  in  the  volcanic  produclioiis  ef 
the  Lipari  islands,  among  which  Pkufaa— 
Stromeyer  has  lately  discovered  a  nativw  avl- 
phuret  of  selenium.  Selenium  has  also  been 
detected  in  the  Anglesea  pyrites.  The  sul- 
phuric acid  made  firom  it  having  been  used 
in  making  smiiadc  acid,  the  selenium  ia  aeen 
to  distil  over  into  the  reccivefs,  in  the  course 
of  two  or  three  days  ftdling  down  aa  a  leddish 
brown  substance.  A  portion  of  this  fffflesii 
um»  tested  by  Mr  Children,  gave  whesi  heated 
on  platinum  foil  by  a  spirit  lamp,  an 
blue  tinge  to  the  flame.  Tbesmell  of  i 
radish  was  perreptible,  when  the 
was  heated  in  a  glaaa  tube.     In  thin  lamime 
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it  WM  tiantptMiit,  and  of  m  beauliftil  cuma. 
bar-red  colour.'^Jnn*  of  Phil*  N.  S.  iz.  62, 

When  Bdenium,  after  being  fused,  bcoomee 
solid,  its  surface  asaumes  a  metallic  brilliancy 
of  a  very  deep  brown  colour,  resembling  po- 
lished Immatites.  Its  iracture  is  concboidal, 
vitreous,  of  the  colour  ni  lead,  and  perfectly 
metallic.  The  powder  of  sdenium  haa  a 
deep  red  colour,  but  it  sticks  together  readi- 
ly when  pounded,  and  then  assumes  a  grey 
colour  and  a  smooth  surface^  as  happens  to 
antimony  and  bismuth.  In  very  thin  coats, 
selenium  is  transparent,  with  a  ruby-red 
colour.  When  heated  it  softens;  and  at 
212^  it  is  semi-liquid,  and  melts  completely 
at  a  temperature  a  few  degrees  higher.  Du- 
ring its  cooling  it  retains  for  a  long  time  a 
soft  and  semi-fluid  state.  Like  Spanish  wax, 
it  may  be  kneaded  between  the  fingers,  and 
drawn  out  into  long  threads,  which  have  a 
great  deal  of  elasticity,  and  in  which  we  easily 
perceive  the  transparency,  when  they  are  flat 
and  thin,  lliese  threads,  viewed  by  trana* 
.  mltted  light,  are  red ;  but  by  reflected  light 
they  are  grey,  and  have  the  metallic  lastrew 

When  selenium  is  heated  in  a  retort,  it 
begins  to  boil  at  a  temperature  below  that  of 
a  red  heat.  It  assumes  the  form  of  a  dark 
yellow  vapour,  which,  however,  Is  not  So  in* 
tense  as  that  of  the  vapour  of  sulphur ;  but  it 
is  more  intense  than  chlorine  gas.  llie  va- 
pour condenses  in  the  neck  of  the  retort,  and 
forms  black  drops,  which  unite  into  larger 
drops,  as  in  the  distillation  of  mercury. 

If  we  heat  selenium  in  the  air,  or  in  ves- 
sels so  large  that  the  vapour  may  be  con- 
densed by  the  cold  air,  a  red  smoke  Is 
f(MTned,  which  has  no  particular  smell,  and 
which  is  condensed  in  the  form  of  a  dnna- 
bar-red  powder,  yielding  a  speciea  of  flowers, 
as  happens  to  sulphur  In  the  same  circum- 
stances. The  charscteristtc  smell  of  horse^ 
radish  is  not  perceived,  till  the  heat  becomes 
great  enough  to  occasion  oxidation. 

Selenium  is  not  a  good  conductor  of  heal 
We  can  easily  hold  it  between  the  fingers, 
and  melt  it  at  the  distance  of  one  or  two 
lines  from  the  Angers,  without  perceiving 
that  it  becomes  beL  H  is  also  a  non-con- 
ductor of  electricity.  On  the  other  hand, 
M.  Berselius  wsa  not  aUe  to  render  it  dec- 
trie  by  fiiclionb  It  is  not  hard ;  the  knife 
scratches  it  easily.  It  is  brittle  like  glass, 
and  is  easily  reduced  to  powder.  Its  sp.  gr. 
is  between  4.3  and  4^32. 

The  aflinity  of  selenium  for  oxygen  is  not 
very  great.  If  we  heat  it  in  the  air,  without 
touching  it  with  a  burning  body,  it  is  usually 
v<^tilised,  without  alteration;  but  if  it  is 
touched  by  flame,  its  edges  assume  a  fine 
sky-blue  colour,  and  it  is  volatilised  with  a 
strong  smell  of  horse-radish.  Hie  odorous 
substance  is  a  gaseous  oxide  of  selenium, 
which,  however,  has  not  been  obtsined  in  an 
insulated  state^  but  only  mixed  with  atmo- 


spherical air.  If  we  heat  sdenium  in  a  close 
phial  filled  with  common  air,  till  the  greatest 
part  of  it  is  evaporated,  the  air  of  the  phial 
acquires  the  odour  of  oxide  of  selenium  in  a 
very  high  degree.  If  we  wash  the  air  with 
pttre  water,  the  liquid  acquires  the  odour  of 
the  gas;  but  as  there  are  always  foimed 
ttaoes  of  selenic  add,  this  water  acquires  the 
property  of  reddening  litmus  paper  iedbly, 
and  of  becoming  muddy  when  mixed  with 
sulphuretted  hydrogen  gas.  Selenic  oxide 
gas  is  but  very  little  sduUe  in  water,  and 
does  not  communicate  any  taste  to  it. 

If  we  heat  selenium  in  a  large  flask  filled 
with  oxygen  gas,  it  eraporates  without  oonv* 
bustion,  and  the  gas  assumes  the  odour  of 
selenic  oxide,  just  as  would  have  happened 
if  the  sublimation  bad  taken  place  in  com- 
mon air ;  but  if  we  heat  the  selenium  in  a 
glass  ball  of  an  inch  diameter,  in  which  it 
has  not  room  to  volatilize  and  disperse ;  and 
if  we  allow  a  ciurrent  of  oxygen  gas  to  pass 
through  this  ball,  the  selenium  takes  fire  just 
when  it  begins  to  boil,  and  bums  with  a  fee- 
ble flame,  white  towards  the  base,  but  green 
or  greenish-blue  at  the  summit,  or  towards 
the  upper  edge.  The  oxygen  gas  is  ab- 
sorbed, and  selenic  add  is  sublimed  into  the 
cold  parts  of  the  apparatus.  The  selenium 
is  completely  consumed  without  any  residue. 
Hie  excess  of  oxygen  sas  usually  assumes 
the  odour  of  selenic  oxide.  Selenic  add  is 
in  the  form  of  very  long  four-sided  needles. 
It  seems  to  be  most  readily  formed  by  the 
action  of  nitro-muriatic  acid  on  selenium. 
The  sdenic  acid  does  not  melt  with  heat; 
but  it  diminishes  a  little  in  bulk  at  the  hot- 
test place^  and  then  assumes  the  gaseous 
form.  It  absorbs  a  little  moisture  from  the 
air,  so  that  the  crystals  adhere  to  each  other, 
but  they  do  not  deliquesce.  It  bas  a  pure 
add  taste,  which  leaves  a  slightly  burning 
sensation  on  the  tongue.  It  is  very  soluble 
in  cold  water,  and  dissolves  in  almost  every 
proportion  in  boiling  wirter.  M.  Berselitts 
infers  the  composition  of  sdenic  add,  fVom 
several  experiments,  to  be. 
Selenium,  71.261  100.00  1  prime  4.96 
Oxygen,      2a 739      40.33    2  primes  2. 00 

If  into  a  solution  of  selenic  acid  in  mmri- 
atic  add,  we  introduce  a  piece  of  zinc  or  of 
polished  iron,  the  metal  immediatdy  assumes 
the  colour  of  copper,  and  the  selenium  is 
gradually  predpitated  in  the  form  of  red,  or 
brown,  or  blackish  flocks,  according  as  the 
temperature  is  more  or  leas  elevated.  When 
seleniate  of  potash  is  heated  with  muriate  of 
ammonia^  selenium  is  obtained  by  the  de- 
oxidizing property  of  the  ammonia ;  but  in 
this  case  we  always  lose  a  small  quantity  of 
selenium,  wliich  comes  over  with  the  water 
in  the  form  of  an  add.  If  we  pour  dilute 
muriatic  add  on  the  compound  of  selenium 
and  potaauum  dissolved  in  water,  seleniuret- 
ted  hydrogen  gas  is  evolved.     Water  im- 
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pregnated  with  it  precipitates  all  the  inetalGc 
soluttoDSy  eren  those  of  iron  and  rinc,  when 
they  are  neutral.  Sulphur,  phosphorus,  the 
earths,  and  the  metab,  comhine  with  sdcni- 
um,  forming  seleniurets.  Selenic  add  neu- 
tralizes the  bases.  Sdenium  has  been  re- 
cently found  in  two  minerals ;  one  is  from 
Skrickerum,  in  the  parish  of  Tryseram  in 
Smoland. 

If  sulphuret  f>f  selenium  be  fused  with 
carbonate  of  potash,  the  alkali  not  being  in 
excess,  when  the  fiised  mass  is  dissolved  in 
water,  the  selenium  is  left  undissolved  and 
free  from  sulphur.  This  method  is,  accord- 
ing to  Berzelius,  the  best  for  separating  these 
two  bcNlies,  so  much  like  each  other  in  their 
genera]  properties. 

Selenium  combines  with  bromine  in  seve- 
ral proportions ;  but  five  parts  of  the  former 
and  one  part  of  the  latter  appear  to  form  the 
most  intimate  compound. 

M.  Henry  Rose  of  Berlin  has  lately  pub- 
lished an  interesting  memcnr  on  the  native 
seleniurets,  found  in  the  Oriental  Hartz,  dis- 
seminated in  magnedan  limestone,  in  the 
veins  of  iron  that  traverse  argillaceous  sdiist. 
He  converted  all  the  metals  present  into 
chlorides,  by  passing  chlorine  over  the  pul- 
verized ore  for  half  a  day,  and  separated  the 
chloride  of  selenium  by  means  of  its  vola- 
tiUty. 

1.  Seleniuret  ^f  lead*  This  was  the  most 
firequent.  It  consists  of  two  atoms  of  selenium 
to  one  of  lead  ;  consisting  of  27.7  selenium 
+  72.3  lead. 

2.  Seleniuret  of  lead  and  cobalt.  Its  con- 
stituents are, 

Lead,  -  -  6a92 

Cobalt,        -        -       au 

Selenium,  -  -      3\A2 

Iron,  -  -  0.45 

Loss,  -  -  -         1.07 


100.00 
3.  Seleniuret  of  lead  and  copper.     Of  this 

mineral  there  were  two  varieties,  composed 

as  follows  :— 

Selenium,  29.96  34.26 

Iron  vrith  traces  of  lead,     0. 44  2.08 

Lead,  59.67  47.43 

Iron,  0.33 

Copper,  7.86  15.45 

Loss,  0.74 


100.00         100.51 
4.  Seleniuret  of  lead  and  mercury  contains 
Selenium,  -  2497 

Lead,  -  55.84 

Mercury,  -  16.94 

Loss,  -  2.25 


100.00 
^nn,  de  Chim,  xxiz.  113. 


A  new  mmefal,  consisting  oi 
of  zinc,  united  to  praCosolphuret  of 
has  been  latdy  found  at  Culcbras  in  Mexico. 

SCORZ  A.     A  variety  of  epidote. 

SEA  FROTH.     MeermJUmm. 

SEA  SALT.  Muriate  of  soda.  SeeAcaD 
(Mubiatr),  and  Salt. 

SEA  SALT  (REGENERATED).  M«. 
riate  of  potash. 

SEA  WAX.  Maltha,  a  vrfaite^  sofid,  tal- 
lowy-looking  fusible  ^substance^  solnble  m 
alcohol,  found  on  the  Baikal  Lake  in  Sflieiia. 

SEBACIC  ACID.    See  Acid  (Sebaoc). 

SEBAT.  A  neutral  compound  of  seb*- 
cic  add  with  a  base. 

SEDATIVE  SALT.     Boracic  add. 

SEL  DE  SEIGNETTE.  Tbe  triple 
tartrate  of  potash  and  soda,  or  Rochelle  salt. 
See  Acm  (Tartabic). 

SELENITE.     Sparry  gypsum. 

SEMIOPAL.     See  Opal. 

SENNA.  These  purgative  leatTcs  we 
composed  of  cUorophile,  a  &t  oil,  a  volatile 
oil  in  small  quantity,  albumen,  cathartine  (a 
purgative  prindple),  a  ydlow  colouring  prin- 
dple,  mucus,  malic  add,  malate  and 
of  lime,  acetate  of  potash,  and  mineral 

SEPIA.     The  ink  <^  the  cuttle  fish, 
sisting  of  a  minutely  divided 
matter,  insoluble  in  water,  but  soluble  in 
alkalis,  which  turn  it  brown.     It 
albumen,   gelatin,  phosphate  of  fii 
some  other  earths. 

SEPTARIA,  or  ludi  kelmontO, 
roidal  concretions,  that  vary  from  a  few  inches 
to  a  foot  in  diameter.  '  When  broken  in  a 
longitudinal  direction,  we  observe  the  inte- 
rior of  the  mass  intersected  by  a  nunsbcr  of 
fissures,  by  which  it  is  divided  into  more  or 
less  r^gulur  prisms,  of  from  3  to  6  or  more 
sides,  the  fissures  being  sometimes  emp^* 
but  oftener  filled  up  with  another  subataneew 
which  is  geneiBlly  calcareous  spar.  Tbe 
body  of  the  concretion  is  a  ferruginous  mari. 
From  these  septaria  are  manufactured  that 
excellent  material  for  building  under  vratcr. 
known  by  the  name  of  Parker's  or  Roman 
cement.— Jbm^ioR. 

SEROSITY.     See  Bloojx 

S£  RPENTI  N£ ;  common,  and 

1.  Common.  Colour  green,  of 
shades ;  massive ;  dull  ;  fracture  small  and 
fine  splintery;  translucent  on  the  edgea; 
soft,  and  scratched  by  calcareous  qiar ;  sec- 
tile;  difficultly  frangible;  feels  sooaewbat 
greasy ;  sp.  gr.  2.4  to  2.6 :  some  varieties 
are  magnetic.  Its  constituents  are*  silica 
32,  magnesia  37.24^  alumina  0.5,  lime  10.6^ 
iron  0.66^  volatile  matter  and  carbonic  acid 
14.  \6.-^Hisinger.  John  and  Rose  give  10^ 
of  water  in  it.  It  occurs  in  various  moun- 
tains. It  is  found  in  Unst  and  Fetlar  in 
Shetland ;  at  Portsoy ;  between  Baliantrae 
and  Girvan ;  in  Cornwall ;  and  in  the  coun- 
ty of  Donegal. 
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'  2.  Precumt  serpentine.     Of  this  there  are 
two  kinds,  the  splintery  and  conchoidal. 

a.  Splintery,  Colour  dark  leek-green; 
massiTe ;  feebly  gtixmnering ;  fracture  coarse 
splintery;  feebly  translucent;  soft;  sp.  gr. 
2.7.  It  occurs  in  Cordca,  and  is  cut  into 
snuff-boxes,  &c. 

6.  ConchoidaL  Colour  leek-green ;  massive 
ttnd  disseminated ;  glistening,  resinous ;  frac- 
ture flat  conchoidal ;  translucent ;  semihard ; 
sp.  gr.  2.6.  Its  constituents  are,  silica  42.5, 
magnesia  38.63,  lime  0.25,  alumina  1,  oxide 
of  iron  1.5,  oxide  of  manganese  0.62,  oxide 
of  chrome  0.25,  water  15.2.^-JbAn.  It  oc- 
curs with  foliated  granular  limestone,  in  beds 
subordinate  to  gAetss,  mica  slate,  &c  It  is 
found  at  Portsoy  in  Banffshire ;  in  the  Shet- 
land Islands,  and  in  the  Island  of  Holyhead. 
It  receives  a  finer  polish  than  common  ser- 
pentine. 

SERUM.     See  Bloob,  and  Milk. 

SHALE.  Slate  clay  and  bituminous  slate 
clay. 

SHELLS.  Marine  shells  may  be  divid- 
ed, as  Mr  Hatchett  observes,  into  two  kinds ; 
— ^those  that  have  a  porcellanous  aspect,  with 
an  enamelled  surface,  and,  when  broken, 
are  often  in  a  slight  degree  of  a  fibrous  tex- 
ture ;  and  those  that  have  generally,  if  not 
always,  a  strong  epidermis,  under  which  is 
the  shell,  principally  or  entirely  composed  of 
the  substance  called  nacre,  or  mother- of* 
pearl. 

-  The  porcellanous  shells  appear  to  consist 
of  carbonate  of  lime,  cemented  by  a  very 
amall  portion  of  animal  gluten.  Hiis  ani- 
mal gluten  is  more  abundant  in  some,  how- 
ever, as  in  the  patellae. 

The  mother-of-pearl  shells  are  composed 
of  the  same  substances.  They  differ,  bow- 
«ver,  in  their  structure,  which  is  lamellar, 
the  gluten  forming  their  membranes  regu- 
larly alternating  with  strata  of  carbonate  of 
lime.  In  these  two  the  gluten  is  much  more 
Abundant. 

Mr  Hatchett  made  a  few  experiments  on 
land  shells  also,  which  did  not  exhibit  any 
^fferences.  But  the  shells  of  the  crustaceous 
animals  he  found  to  contain  more  or  less 
•phosphate  of  lime,  though  not  equal  in  quan- 
tity to  the  carbonate,  and  hence  approaching 
to  the  nature  of  bone.  Linnaeus  therefore, 
he  observes,  was  right  in  considering  the 
covering  of  the  echini  as  crustaceous,  for  it 
oontains  phosphate  of  lime.  In  the  covering 
of  some  of  the  species  of  asterias,  too,  a  little 
phosphate  of  lime  occurs;  but  in  that  of 
others  there  is  none.— PAi/.  Trant, 

SHISTUS  (ARGILLACEOUS).  Clay 
slate. 

SI  BE  RITE.     Red  tourmaUne. 

SIDERO-CALCITE.     Brown  spar. 

SIDE  RUM.  Bergmann*s  name  for  phos- 
jphuret  of  iron. 

SIENITE,   OR  SYENITE.      A  com- 


pound granular  aggregated  rock,  composed 
of  felspar  and  hornblende,  and  sometimes 
quartz  and  black  mica,  llie  hornblende  is 
the  characteristic  ingredient,  and  distinguish- 
es it  perfectly  from  granite,  with  which  it  is 
often  confounded  ;  but  the  felspar,  which  is 
almost  always  red,  and  seldom  inclines  to 
green,  forms  the  most  abundant  and  essen- 
tial ingredient  of  the  rock.  Some  varieties 
contain  a  very  considerable  portion  of^quarta 
and  mica,  but  little  hornblende,  lliis  is 
particularly  the  case  with  the  Egyptian  vari- 
eties ;  and  hence  these  are  often  confounded 
with  real  granite. 

As  it  has  many  points  of  agreement  with 
greenstone,  it  is  necessary  to  compare  them 
together.  In  greenstone,  the  hornblende  is 
usually  the  predominating  ingredient ;  in  sie- 
nite,  on  the  contrary,  it  is  the  felspar  that 
predominates.  In  greenstone,  the  felspar  is 
ahnost  always  green,  or  greenish  ;  here,  on 
tlie  contrary,  it  is  as  constantiy  red,  or  red- 
dish. Quartz  and  mica  are  very  rare  in 
greenstone,  and  in  inconsiderable  quantity ; 
whereas  they  are  rather  frequent  in  sienite. 
Lastly,  greenstone  commonly  contains  iron 
pyrites,  which  never  occurs  in  uenite. 

It  has  either  a  simple  granular  base,  or  it 
is  granular  porphyritic ;  and  then  it  is  deno- 
minated porphyritie  sienite.  When  the  parts 
of  the  granular  base  are  so  minute  as  to  be 
distinguished  with  difficulty,  and  it  contains 
imbedded  in  it  large  crystids  of  felspar,  the 
rock  is  termed  stenite-porphyry.  It  is  some- 
times unstratified,  sometimes  very  distincdy 
str^fied.  It  sometimes  shows  a  tendency 
to  the  columnar  structure.  It  contains  no 
foreign  beds.  It  occurs  in  unconformable 
and  overlying  stratification,  over  granite, 
gneiss,  mica  slate,  and  clay  slate,  and  is  pret- 
ty continuous,  and  covers  most  of  the  primi- 
tive rocks.  It  is  equally  metalliferous  with 
porphyry.  In  the  island  of  Cyprus,  it  affords 
much  copper :  many  of  the  important  silver 
and  gold  mines  in  Hungary  are  situated  in  it. 
The  sienite  of  the  forest  of  Thuringia  affords 
iron.  In  this  country,  there  is  a  fine  example 
of  sienite  in  Galloway,  where  it  forms  a  con- 
siderable portion  of  the  hill  called  Criffle. 
On  the  Continent,  it  occurs  in  the  electorate 
of  Saxony ;  and  in  Upper  Egypt,  at  the  city 
of  Syena,  in  Thebaid,  at  the  cataracts  of  the 
Nile,  whence  it  derives  its  name.  The  Ro- 
mans brought  it  from  that  place  to  Rome, 
for  architectural  and  statuary  purposes.— 
Jameson. 

SILICA.  One  of  tiie  primitive  earths, 
vrhich  in  consequence  of  Sir  H.  Davy*s  re« 
searches  on  tlie  metallic  bases  of  the  alkalis 
and  earths,  has  been  recently  regarded  as  a 
compound  of  a  peculiar  combustible  principle 
with  oxygen.  If  we  ignite  powdered  quarts 
with  three  parts  of  pure  potash  in  a  silver 
crucible,  dissolve  Uie  fused  compound  in 
water,  .add  to  the  solution  a  quantity  of  acid 
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equivalent  to  saturate  the  alkali,  and  evapo- 
rate to  drynesfl,  we  shall  obtain  a  fine  gritty 
powder,  which  being  well  washed  with  hot 
water,  and  ignited,  will  leave  pure  sUioa. 
By  passing  tiie  vapour  of  potassium  over 
silica  in  an  ignited  tube.  Sir  H.  Davy  obtain- 
ed a  dark-coloured  powder,  which  apparently 
contained  silicon,  or  silicium,  the  ba^  of  the 
earth.  Like  boron  and  carbon,  it  is  capable 
of  sustaining  a  high  temperature  without  suf- 
fering any  change.  Aqueous  potash  seems 
to  form  with  it  an  olive-coloured  solution. 
But  as  this  baais  is  decomposed  by  water,  it 
was  not  possible  to  wash  away  the  potash  by 
this  liquid.  Benelius  and  Stromeyer  tried 
to  form  an  alloy  c^  silicon  or  silicium  with 
iron,  by  e^iposing  to  the  strongest  heat  of  a 
blast  furnace,  a  mixture  of  three  parts  of  iron, 
1.5  silica,  and  0.66  charcoal.  It  was  in  the 
state  of  fused  globules.  These  freed  ftom 
tfaiB  charcoal  were  white  and  ductile,  and 
their  solution  in  muriatic  acid  evolved  more 
hydrogen  than  an  equal  w^ght  of  iron.  The 
ap.  gr.  of  the  alloy  was  from  6.7  to  7«d, 
while  that  of  the  iron  used  waa  7.8385. 
From  Mr  Mushet's  experiments,  however, 
as  well  as  from  the  constitution  of  plumbago^ 
we  know  that  carbon  will  combine  with  iron 
in  very  considerable  proportions,  and  that  in 
certain  quantities  it  can  give  it  a  whitish 
colour  and  inferior  density.  Nothing  abso^ 
lutely  definitive  therefore  can  be  inferred 
from  these  experiments.     See  laON. 

M.  Berselius  has  lately  obtained  pure  sili- 
cium by  the  combustion  of  potassium  in  sili* 
cated  fluoric  gas  ^  as  also  by  the  action  of 
potassium  on  the  double  fluate  of  silica  and 
potash,  or  of  silica  and  soda.  The  latter  salt 
having  the  advantage  of  containing  a  greater 
quantity  of  fluate  of  silica,  under  the  same 
weight  and  bulk,  deserves  the  preference. 
The  salt  is  easily  prepared  by  saturating 
aqueous  silicated  fluoric  acid  with  carbonate 
of  soda,  when  the  very  sparingly  double  salt 
precipitates,  which  is  to  be  washed  and  dried 
at  a  temperature  considerably  above  212^  F. 
This  dry  matter  in  fine  powder  is  to  be  stra* 
tified,  with  thin  slices  of  potassium,  in  a  glass 
tube  sealed  at  the  end,  which  is  to  be  uni- 
formly heated  at  once  with  a  spirit  flame. 
Even  before  ignition,  the  silicium  is  reduced 
with  a  slight  lilssing  sound,  and  some  ap- 
pearance of  heat.  No  gas  is  disengaged 
when  the  salt  has  been  well  dried.  The  maa^ 
is  allowed  to  cool.  It  is  hard,  agglutinated, 
porous,  of  a  deep  brown  colour,  which  does 
not  alter  in  the  air,  merely  exhaling  the  smell 
of  hydrogen,  as  manganese  does  when  press- 
ed between  the  flngers,  or  breathed  upon.  It 
is  to  be  washed  with  water  in  successive 
quantities,  to  remove  the  fluate  of  potash  that 
is  formed.  Some  gas  is  disengaged,  but  this 
soon  ceases,  and  though  the  water  be  raised 
to  ebullition,,  the  brown  powder  does  not  de- 
compose it.     The  solution  obtained  by  ebul- 


lition bdng  very  add,  the  tybafno  ia  ft>  be 
boiled  with  new  portioiia  of  waiter  till  Aa 
liquid  manifests  no  signa  of  addit]^  vpfaaa  it 
is  to  be  passed  tbroiigh  a  filter. 
dcr,  being  dried,  is  of 
(maroon)  colour,  cootaiiung  viaibly 
neous  points  of  a  brij^ter  bnai. 

The  first  of  the  above  wttdunga  sfaooid  be 
with  a  large  quantity  of  water,  ao  dbat  the 
liquid  which  becomes  alkaline  by  tfae  cnrifdwa 
ment  of  the  potassium  may  be  so  dStaftm  aa  la 
have  no  tendency  to  oxidise  the  sQiGsaaa  and 
to  dissolve  it.  For  this 
must  not  be  treated  with  hot 
the  alkalinity  be  removed.  It 
to  be  treated  with  boiling  water,  till  a  ^np 
of  this  leaves  no  stain  on  evaporatkxi.  TVs 
process  requires  much  time  and  a  lmrg9  body 
of  water. 

Si&cium,  obtained  by  this  procesa,  wifiw 
some  hydrogen,  but  in  less  quantify  and  fv»- 
bably  in  the  same  way  as  tfie  diaicoal  of 
wood,  which  Sir  H.  Davy  regards  as  liydFa- 
genaled  carbon.  It  oontalos,  barfdes,  womt 
silica,  which  proceeds  from  a  small  portieaef 
the  potassium  getting  ozidiaed  at  lint»  and 
in  this  state  separating  a  litde  silica  froas  cht 
double  salt  Tlie  hydrogeoatad 
to  be  healed  for  some  time  almoat  to 
in  an  open  crucible ;  then  it  ia  finally  to  be 
ignited.  Should  the  silidum  offer  to 
fire,  the  crucible  is  to  be  instantiy 
and  the  heat  lowered,  which  will  immedialely 
stop  the  inflammation.  After  this  «»kxiia- 
tion,  the  silicium  is  incombustible  in  tfae  mr, 
and  may  be  washed  from  its  adbciug  silica 
by  pure  liquid  fluoric  acid,  taking  cave  Ikaft 
no  iron  or  manganese  is  present;  for  liia 
alloy  thence  resulting  would  diaKilve  eiiciiidj 
with  disengagement  of  hydrogen.  AAs 
being  treated  with  this  add,  the  sJlirini  ii 
to  be  washed  and  dried- 
Obtained  in  this  way,  silidum  has 
nui.brown  colour,  but  not  the 
lustre.  When  rubbed  with  a  sted  bumisfaa^ 
it  presents  no  trace  of  brilliancy,  opposing  a 
resistance  to  friction,  like  an  eartli 
stance.  It  is  incombustible  in  tbe 
pheric  air,  and  in  oxygen  gas.  It 
change  in  the  flame  of  the  blowpipe^ 
rently  bdonging  to  the  moat  infusible 
of  bodies.  These  properties  appear  at  va- 
riance with  what  takes  place  vrith  the  sili- 
cium immediately  after  ita  reduction  by 
assium,  for  it  readily  bums.  M. 
ascribes  thu  difiTerence  to  the  preaeaea  of 
hydrogen  in  the  latter  substance,  which  may 
be  r^irded  as  a  sUiemret  tfpoianmm  at  liis^ 
and  after  simple  washing  a  hifdrwrei  if  acS- 
dum.  Ignition,  well  regulated,  expels  the 
hydrogen,  withcNit  setting  the  compound  on 
fire;  but  if  hastily  induced,  the  hydrogen 
kindles -the  silidum,  which  then 
covered  with  a  coat  of  silica.     The 


sation  which  the  sUicium  midefgoca  by  igni- 
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lioo»  b  tht  CMiM  of  its  becoming  ioioluble  in  cracked  man.     It  is  remarkable  to  see  silica 

fluoric  acid.  dissolve  in  such  a  large  proportion  in  water, 

Silidum  tiaiiui  and  stacks  strongly,  even  at  the  instant  of  its  formation,  and  to  lose 

when  dry,  to  tbe  glass  vesseb  in  which  it  is  this  property  by  evaporation  to  such  a  degree 

kept.  as  to  become  insoluble  in  acids.     This  solu- 

Silidum  does  not  conduct  electricity.  After  bility  may  explain  the  origin  of  the  crystalli- 

its  ignidon,  it  is  not  affected  by  chlorate  of  cations  of  silica  in  drusy  cavities,  which  in 

potash,  even  at  a  red  heat ;  nor  by  nitre^  till  -  many  cases  could  not  contain  a  volume  Of 

the  temperature  has  become  high  enough  to  liquid  appreciably  larger  than  that  of  the 

decompose  the  nitric  acid,  and  to  allow  the  crystals  themselves. 

affinity  of  its  alkaline  base  to  act     At  a  M.  Benelius  did  not  succeed  in  combining 

white  heat,  nitre  attacks  it  violently.  silidum  with  phosphorus. 

With  carbonate  of  potash,  silidum  bums  When  silidum  is  heated  in  a  current  of 
very  readily  with  a  lively  flame.  Gaseous  chlorine^  it  takes  fire^  and  continues  to  burn, 
oxide  of  carbon  is  disengaged,  and  the  mass  If  the  gas  contain  some  atmospheric  air, 
blackens  from  intermixture  with  charcoaL  dUca  remains  in  a  slender  skeleton  form. 
By  taking  a  small  proportion  of  carbonate  of  SUtcium  burns  equally  well  in  chlorine,  whe- 
potash,  or  of  soda,  as  on^-half  the  bulk  of  the  ther  or  not  it  had  previously  been  deprived  of 
silidum,  the  inflammation  takes  place  much  its  combustibility  in  air.  Tbe  product  con- 
below  ignition.  With  larger  proportioDs  of  denses  into  a  liquid,  which  is  yellowish  with 
the  carbonate^  the  mass  swells  up  from  the  excess  of  chlorine,  but  colourless  when  this  Is 
development  of  the  gaseous  oxide  of  carbon,  expelled.  This  liquid  is  very  fluid  ;  it  eva^ 
takes  Are,  and  bums  with  a  blue  flame.  With  pontes  almost  inatantaneously  in  the  open 
a  still  greater  proportion  there  is  no  sign  of  air,  affording  white  vapoun,  and  leaving  a 
combustion ;  the  mass  does  not  blacken,  but  little  silica.  It  has  a  very  penetrating  odour, 
merely  exhales  the  above  gaseous  oxide.  which  may  be  compared  to  that  of  cyanogen. 

If  the  incombustible  silidum  be  heated  to  Thrown  into  water,  it  floats,  then  dissolves  in 

moderate  redness  on  platinum  foil  with  nitre,  it,  and  leaves  some  dlica. 

no  efiect  ensues ;  but  if  a  bit  of  dry  gbHm>-  When  silicium  is  heated  in  vapour  of  pot- 

nate  of  soda  be  made  to  touch  the  silidum,  a  asnum,  it  takes  fire,  produdng  a  compound 

detonation  will  take,  place  at  tbe  expense  of  of  silidum  and  potassium.     The  iodide  of 

the  carbonate,  and  the  mass  will  retain  for  potassium  does  not  unite  with  silicium. 

some  time  its  black  colour.  SiUcium  is  ndther  dissolved  nor  acted  upon 

Silicium  explodes  with  lively  incandescence  by  the  sulphuric,  nitric,  and  muriatic  acids, 
with  the  hydrated  fixed  alkalis  at  their  melt-  nor  even  by  tbe  nitro-muriatic  But  it  dis- 
ing  temperature,  much  below  a  red  heat,  solves  nq>idly  even  in  the  cold,  in  a  mixture 
Hydrogen  is  disengaged,  which  bums  visibly  of  nitric  and  fiuoric  acid,  with  disengage- 
when  the  bulk  of  the  materials  is  not  too  ment  of  nitrous  gas.  Combustible  silidum 
small.  Hie  same  phenomenon  takes  place  dissolves  on  digestion  in  water  of  caustic 
vrith  hydrate  of  baryta.  With  add  fluate  of  potash  ;  but  in  its  incombustible  state  it  is 
potash,  silicium  explodes  at  the  mdtiog  point  not  affected  by  the  alkalis  in  the  moist  way. 
of  the  salt,  which  b  far  under  ignition.  It  Silidum,  once  insulated,  combines  very 
is  not  altered  by  borax  in  a  state  of  fusion.  reluctantly  with  the  metals.     Its  remarkable 

Silidum,  helped  to  distinct  redness  in  the  afiinity  for  platinum  is  known,  from  the  ex- 

viqMNir  of  sulphur,  takes  fire  and  bums,  but  periments  of  M.  Boussingault;  but  it  may 

much  less  vividly  than  in  oxygen ;  but  the  be  heated  as  often  and  as  long  as  we  please 

combination  will  not  take  place  with  the  in-  in  a  platinum  crucible,  without  any  com- 

combustible  silidum.   lu  moist  air,  sulphuret  bination  taking  place.     But  when  we  try  to 

of  silidum  diffuses  a  strong  smell  of  sulphu-  reduce  silidum  (from  silica)  by  potassium,  in 

retted  hydrogen,  and  speedily  loses  all  its  a  platinum  crucible^  the  silidum  penetrates 

sulphur ;  but  in  dry  air  it  may  be  preserved  deeply  into  the  platinum,  in  the  spot  where 

for  a  long  time.     At  a  red  heat  it  is  roasted,  the  potassium  presses, 

affording  sulphurous  add  and  silica.  100  parte  of  pore  silidum,  dried  in  vnaio, 

Siliduret  of  potasrium  combmes  readily  at  were  heated  with  carbonate  of  soda.     The 

a  red  heat  with  sulphur,  constituting  a  tme  mass,  treated  with  muriatic  add,  evaporated 

double  sulphuret  of  a  deep  brown  or  black  to  dryness,  and  strongly  heated,  was  then 

colour.  dissolved  in  water.     It  left  silica  coloured 

Simplesulphuretof  silidum,  when  thrown  grey  by  charcoal,  which  bdng  washed  and 

into  water,  dissolves  immediately,  with  dis-  ignited,  became  snow-white,  and   wdghed 

engagement  of  sulphuratted  hydrcigen.    The  80db7d  parts.     A  little  silica  was  afterwards 

silicium  changes  into  silica,  which  dissolves  procured  from  the  washings,  making  in  all 

in  the  water ;  and  if  this  be  in  small  quantity,  205.25.     Hence  100  parte  of  silidum  had 

such  a  concentrated  solution  may  be  obtained  absorbed  105.25  of  oxygen.     In  another  ex« 

as  to  gehrtinize  after  a  slight  evaporation,  and  periment,  206  parte  of  silica  were  obtained 

to  leave  silica,  after  drying,  in  a  transparent  from  100  of  silidum.  Hence  silica  consbte  of 
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Oxygen^ 


4a5 

51.5 


100.0 
The  proportion  which  M.  Berzelius  in« 
ferred  from  the  capacity  of  saturation  of  silica 
with  the  saline  bases,  was  50.3  oiygen  to 
49.7  silicium. 

Hie  number  of  atoms  of  oxygen  in  silica 
has  not  been  determined.  M.  Berzelius  is 
inclined  to  conuder  it  as  a  tritoxide,  and  to 
call  the  atom  of  silicium  2.77,  oxygen  being 
100,  or  2.77  oxygen  ss  I. 

Silicium  does  not  seem  to  belong  to  the 
metallic  class  of  bodies,  but  rather  resembles 
carbon  and  boron.  Some  philosophical  me- 
thodists,  says  Berzelius,  will  consequently 
give  it  the  name  of  silicon ;  but  I  regard  this 
denomination  as  useless,  since  there  u  no 
true  limit  between  the  metals  and  the  metal- 
loids, (such  as  boron  and  carbon).  Carbon 
has  the  metallic  lustre,  and  conducts  dectri- 
city,  and  still  it  is  not  reckoned  a  metal.  If 
silicium  could  be  fused,  it  would  possibly 
acquire  the  properties  wanting  in  its  puWo- 
rulent  state.  Uranium,  in  this  form,  can 
hardly  be  distinguished  by  its  aspect  from 
silicium ;  but  when  crystallized,  it  has  the 
metallic  lustre.  Columbium  and  titanium 
approach  also  to  silicium  in  their  chemical 
properties.  FinaUy,  when  the  electrical  re- 
lation of  a  body  is  regarded  as  its  only  de- 
cisive feature,  it  is  indiiferent  whether  we 
place  a  combustible  body  among  the  metals  or 
not. — Jinn,  dc  Chinu  ct  de  Pht^t,  xxvii.  337» 


I  have  already  moitioned*  in  t 
earths^  that  Mr  Smithson   liad  u 
suggested,  that  silica  migfat   be 
many  mineral  compoanda  as  aetiiig  the 
of  an  add.     Hiis,  however,  is  a 
logy,  and  cannot  justify  us  in 
with  add  bodies. 

When  obtained  by  the  pi 
scribed,  silica  is  a  white  powder, 
particles  have  a  harsh  and  grittj  lecL  Is 
sp.  gr.  is  2.66.  It  is  fusible  onlj  by  Ac 
hydroxygen  blowpipe.  11>e 
struum  formed  l^  neutralizii^  its 
solution  with  an  add,  is  capable  of  boidiBig  it 
dissolved,  though  silica  seems  by  expcfiflBCirt 
to  be  insoluble  in  water.  Yet  in  tbe  ntcraf 
the  Geyser  spring  a  portion  of  silica  sbsbb 
to  remain  dissolved,  though  the  qoJUiCitj  of 
alkali  present  appears  inadequate  to  the^ 
feet.  Silica  exists  nearly  pure  m 
quartz  or  rode  crystaL  It  fc 
chief  constituent  of  flints.  By 
lution  of  silica  in  fluoric  acid,  or  in  aqi 
potash,  undisturbed  for  a  long  time, 
of  this  earth  have  been  obtained.  ~ 
tion  in  alkaline  lixivia  is  called  Jiftier 
cum.  Glass  is  a  compound  of 
nature,  in  which  the  proportion  of  sifica  is 
much  greater. 

Mr  Kirwan  made  many  experimcnls  oe 
the  mutual  actions  of  silica  and  the  other 
earths,  at  bi^  degrees  of  heat.  The  loibw- 
ing  are  some  of  his  results  :-^ 


Pro^rtions. 
80  silica, 
SO  baryta, 
75  silica, 
25  baryta, 
66siUca, 
33  baryta, 
50  silica, 
50  baryta, 
20  silica, 
80  baryta, 
25  silica, 
75  baryta, 
33  silica, 
66  baryta. 


Heat 


EffbctA. 


I  150O  Wedg.     A  white  britUe  mass. 

\ 
] 

! 


150 
150 
148 
14S 
150 


A  brittle  hard  mass,  semitransparent  at  the  edges. 
Melted  into  a  hard  somewhat  porous  porcelain. 

A  hard  mass,  not  melted. 

The  edges  were  melted  into  a  pale  greenish 
between  a  porcelain  and  enaroeL 


150 


Melted  into  a  somewhat  porous  porcelain 

Melted  into  a  yellowish  and   partly  greemsh-whiie 
porous  porcelain. 


When  the  baryta  exceeds  the  silica  in  the 
proportion  of  three  to  one,  the  fused  mass  is 
soluble  in  adds,— a  circumstance  recently 
applied  with  great  advantage  in  the  analysis 
of  minerals  which  contain  alkaline  matter. 

Tbe  habitudes  of  strontia  with  ulica  are 


nearly  the  same  as  those  with  baryta, 
water  added  to  the  liquor  sUicumt 
a  precipitate  which  is  a  compound  of  the 
esirths.     Tlie  following  are  Mr  Kirwan's 
suits  in  the  dry  way  :— 


Proportions. 

50  lime, 
50  silica, 

80  lirae, 
20  silica, 
20  lime, 
80  silica, 


i 
} 


Heat 

150°  Wedg, 

156 
156 


Efltecta. 
Melted  into  a  mass  of  a  white  colour,  semitransparent  at 
the  edges,  and  striking  fire^  though  feebly,  with  steel : 
it  was  intermediate  between  porcdain  and  enamd. 

A  yellowish-white  loose  powder. 
Not  melted :  formed  a  brittle  mass. 
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"When  eipoaed  to  tbe  highest  possible  heat, 
magnesia  and  silica,  in  equal  parts,  melt  into 
a  white  enameL 

Silica  and  alumina  unite  both  in  the  liquid 
and  dry  way.  The  latter^  compound  consti- 
tutes porcelain  and  pottery-ware. 

Equal  parts  of  lime^  magnesia,  and  silica, 
melt,  according  to  Achard,  into  a  greenish- 
ooloured  glass,  hard  enough  to  strike  fire  with 
•steel.  When  the  magnesia  exceeds  either  of 
the  other  two  ingredients,  the  mixture  is  in- 
fusible; when  the  silica  exceeds,  the  only 
fusible  proportions  were,  3  silica,  2  lime,  1 
magnesia ;  and  when  the  lime  is  in  excess, 
the  mixture  usually  melts  in  a  strong  heat. 
With  mixtures  of  Ume,  alumina,  and  silica, 
m  fusible  compound  is  usually  obtained  when 
the  lime  predominates.  Hie  only  refractory 
prc^rtions  were, 

Lime,  2  3 

Silica,  I  1 

Alumina,        2  2 

Excess  of  silica  givea  a  glass  or  porcelain, 
but  excess  of  alumina  will  not  furnish  a 
glass. 

When,  in  mixtures  of  magnesia,  silica,  and 
alumina,  the  first  is  in  excess,  no  fusion  takes 
place  at  iSfP ;  when  the  second  exceeds,  a 
porcelain  may  be  formed;  and  3  parts  of 
silica,  2  magnesia,  and  1  alumina,  form  a 
glass.  From  Achard's  experiments  it  would 
appear,  that  a  glass  may  be  produced  by  ex- 
posing to  a  strong  heat  equd  parts  of  alumi- 
na, silica,  lime,  and  magnesia. 

Other  proportions  gave  fusible  mixtures, 
prorided  the  silica  was  in  excess. 

The  mineral  sommite,  or  nephelin,  consists, 
according  to  Vauquelin,  of  49  alumina  -|-  ^ 
silica.  If  we  suppose  it  to  consist  of  a  prime 
equivalent  or  atom  of  each  constituent,  then 
thatofsilicawouldbeS;  for 49:  a2: :  46:  a 
But  if  we  take  Vauquelin*s  analysis  of  eoclase 
for  the  same  purpose^  we  have  the  proportion 
of  silica  to  that  of  alumina  as  35  to  22.  Hence, 
22 :  3.2 : :  35 :  5.09  the  prime  equivalent  of 
silica,  which  is  not  recondleable  to  the  above 
number,  though  it  agrees  with  that  deduced 
from  Sir  H.  Davy's  experiments  on  silicon. 
I  give  these  examples  to  show  how  unprofit- 
able such  atomical  determinations  are.  See 
Ibon,  and  Acid  (FjLuosiLiac). 

SILK.  Raw  silk  consists,  according  to 
M.  Roard,  of  about  l-4th  of  a  gummy  mat- 
ter, of  a  2-lOOth  or  3-  100th  of  a  fat  substance 
analogous  to  wax,  of  a  50tb  or  60th  of  co- 
louring matter,  of  a  quantity  dmost  inap- 
preciable of  an  odorous  oil,  and  from  72  to 
73  per  cent  of  pure  silk. 

Bleached  silk,  by  my  analysis,  is  composed 
of  carbon  50.69,  hydrogen  3.94v  oxygen 
34.04,  nitrogen  11.33,  in  100  parts.  See 
Bleaching. 

SILLIMANITE.  A  new  mineral  from 
Saybrook  in  Connecticut.  Colour  dark  grey, 
passing  into  dove-brown.      It  occurs  in  a 


vein  of  quarts,  penetrating  gneiss,  crystallised 
in  rhomboidal  prisms,  whose  angles  are  about 
I06<'  SO'  and  73^  lO' ;  the  inclination  of  the 
base  to  the  axis  of  the  prism  being  about  il3P. 
The  sides  and  angles  of  the  crystals  are  fre- 
quently rounded.  In  hardness  it  exceeds 
quarts,  and  in  some  specimens  topaz.  Trans- 
lucent in  small  fragments ;  brittle ;  fracture 
in  the  longer  diagonal  lamellar,  brilliant; 
cross  fracture  uneven  and  splintery ;  sp.  gr. 
a41  :  infusible  at  the  blowpipe,  even  with 
borax ;  acids  have  no  action  on  it.  Its  con- 
stituents are. 

Silica,  4^.666 

Alumina,  54.111 

Oxide  of  iron,  1.999 

Water,  0.510 

Loss,  0.714 


loaooo    . 

SILVAN.  Tellurium,  so  called  by  Werner. 

SILVER  is  the  whitest  of  all  metals,  con- 
siderably  harder  than  gold,  very  ductile  and 
malleable,  but  less  malleable  than  gold ;  for 
the  continuity  of  its.  parts  begins  to  break 
when  it  is  hammered  out  into  leaves  of  about 
the  hundred  and  sixty  thousandth  of  an  inch 
thick,  which  is  more  than  one-third  thicker 
than  gold  leaf:  in  this  state  it  does  not  trans- 
mit the  light.  Its  specific  gravity  is  from 
10.4  to  10.5.  It  ignites  before  melting,  and 
requires  a  strong  heat  to  fuse  it  Tlie  heat 
of  common  furnaces  is  insufficient  to  oxidize 
it ;  but  the  heat  of  the  most  powerful  burn- 
ing lenses  vitrifies  a  portion  of  it,  and  causes 
it  to  emit  fumes,  which,  when  received  on  a 
plate  of  gold,  are  found  to  be  stiver  in  the 
metallic  state.  It  has  likewise  been  partly 
oxidized  by  twenty  successive  exposures  to 
the  heat  of  the  porcelain  furnace  at  Sevres. 
By  passing  a  strong  electric  shock  through  a 
silver  wire,  it  may  be  converted  into  a  black 
oxide ;  and  by  a  powerful  galvanic  battery, 
silver  leaf  may  be  made  to  bum  with  a  beau- 
tiful green  light  Lavoisier  oxidized  it  by 
the  blowpipe  and  oxygen  gas;  and  a  fine 
silver  wire  burns  in  the  kindled  united  stream 
of  oxygen  and  hydrogen  gases.  The  air  al- 
ters it  very  little,  though  it  is  disposed  to 
obtain  a  tliin  purple  or  black  coating  from 
the  sulphurous  vapours  which  are  emitted 
from  animal  substances,  drains,  or  putrefy- 
ing matters.  This  coating,  after  a  long  series 
of  years,  has  been  observed  to  scale  off  from 
images  of  silver  exposed  in  churches;  and 
was  found,  on  examination,  to  consist  of  sil- 
ver united  with  sulphur. 

There  seems  to  be  only  one  oxide  of  silver, 
which  is  formed  either  by  intense  ignition  in 
an  open  vessel,  when  an  olive-coloured  glass 
is  obtained ;  or  by  adding  a  solution  of  caustic 
baryta  to  one  of  nitrate  of  silver,  and  heating 
the  precipitate  to  dull  redness.  Sir  H.  Davy 
found  that  100  of  silver  combine  with  7.3 
of  oxygen  in  the  above  oxide ;  and  if  we 
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suppoM  it  to  consiat  of  a  prime  equYalent  of 
each  constituent,  we  shall  have  la?  for  the 
prime  of  silTer.  Silver  leaf  burned  bj  a 
▼oltaic  battery  afibrds  the  same  oliTe-coloured 

oxide. 

The  prime  equivalent  of  silver  seems  to  be 
ia75,  or  110  OQ  the  hydrogen  scale. 

Silver  combines  vritb  chlorine^  when  the 
metal  is  heated  in  contact  with  the  gas.  This 
dilorideis,  however,  usually  prepared  by  add- 
ing muriatic  acid,  or  a  muriate,  to  nitrate  of 
silver.  It  has  been  long  known  by  the  name 
of  luna  cornea  or  hom-tUvery  because  though 
a  white  powder  as  it  falls  down  Irom  the 
nitrate  solution,  it  fuses  at  a  moderate  heat, 
and  forms  a  homy-looking  substance  when 
it  cools.     It  consists  of  13.75  silver .+  4s,5 

chlorine. 

When  pulverized  chloride  of  silver  is  boiled 
in  a  nearly  saturated  solution  of  common  salt, 
a  compound  of  the  two  solutions  is  produced, 
which  crystallizes  as  the  temperature  falls. 
The  crystals  are  not  affected  by  light,  but  are 
decomposed  by  water. 

The  sulphuret  of  stiver  is  a  brittle  sub- 
stance, of  a  black  colour  and  metallic  lustre. 
It  is  formed  by  heating  to  redness  thin  plates 
of  silver  stratified  with  sulphur.  It  consists 
of  ia75  silver  -f  2  sulphur. 

Fulminating  silver  is  formed  by  pouring 
lime  water  into  the  pure  nitrate,  and  filtering, 
washing  the  precipitate^  and  then  digesting 
on  it  liquid  ammonia  in  a  little  open  capule. 
In  12  hours  the  ammonia  must  be  cautiously 
decanted  from  the  black  powder,  which  is  to 
be  dried  in  minute  portions,  and  with  ex- 
treme circumspection,  on  bits  of  filtering 
paper  or  card.  If  struck,  in  even  its  moist 
states  with  a  hard  body,  it  explodes ;  and  if 
in  any  quantity,  when  dry,  the  fulmination 
is  tremendous.  The  decanted  ammonia,  on 
being  gently  heated,  effervesces  from  dis- 
engagement  of  azote,  and  small  crystals  ap- 
pear in  it  when  it  cools.  These  possess  a 
still  more  formidable  power  of  detonation, 
and  can  scarcely  bear  touching  even  under 
the  liquid.  It  seems  to  be  a  compound  either 
of  oxide  of  silver  and  ammonia,  or  of  the 
oxide  and  azote.  The  latter  is  probably  ito 
true  constitution,  like  the  explosive  iodide 
and  chloride.  The  sudden  extrication  of  the 
condensed  gas  is  the  cause  of  the  detonation. 

Silver  is  soluble  in  sulphuric  acid  when 
concentrated  and  boiling,  and  the  metal  in  a 
state  of  division. 

Muriatic  acid  does  not  act  upon  it,  but 
the  nitric  add,  if  somewhat  diluted,  dissolves 
tt  with  great  rapidity,  and  with  a  plentiful 
disengagement  of  nitrous  gas ;  which,  during 
its  extrication,  gives  a  blue  or  green  colour 
to  the  acid,  that  entirely  disappears  if  the 
silver  made  use  €(f  be  pure :  if  it  contain  cop- 
per, the  solution  remains  greenish;  and  if 
the  acid  contain  either  sulphuric  or  muriatic 
add,  these  combine  vritb  a  portion  of  the 


silver,  and  Ibim  acarody  aohiUa 
which  fall  to  the  bottom.     If  tl»  sili 
tain  gold,  this  metal  sepaialiea  in  blackiri^ 
coloured  flocks. 

Nitric  add  dissolves  mare  than  half  iis 
wdght  of  silver ;  and  the  aohitioa  is 
caustic,  that  is  to  say,  it  destroys  and 
rodes  animal  substances  very  powerfully. 

llie  solution  of  stiver,  when  fully  \ 
cd,  deposits  thin  crystals  as  it  cools,  and 
by  evaporation.  Hese  are  called  lunar  nitR^ 
or  nitrate  of  silver.  A  gentle  beat  is 
dent  to  fuse  them,  and  drive  off  tlicir 
of  crystallization.  In  this  aituatioii  the  os- 
trate,  or  rather  subnitrate,  for  the  heat  drives 
off  part  of  the  add,  is  of  aliladc  colour,  mmf 
be  cast  into  small  sticks  in  a  mould,  and 
then  forms  the  lapis  infimialia,  or  hmar 
caustic  used  in  surgery.  A  stronger  beat 
decomposes  nitrate  of  ulver,  the  add  flying 
cSf  and  the  stiver  remaining  pur&  It  is  ob- 
vious that,  for  the  purpose  of  forming  the 
lunar  caustic,  it  is  not  necessary  to  aoAer  tiie 
salt  to  crystallize,  but  that  it  may  be 
by  evaporating  the  solution  of  silver  at 
to  dryness ;  and  as  soon  as  the  ask  la  fused, 
and  ceases  to  boil,  it  may  be  poured  out 
Tbe  nitric  add  driven  off  from  nitrafte  of  atU 
ver  is  decomposed,  the  products  being  oxygen 
and  nitrogen. 

Nitrate  of  ammonia  and  silver  is  easily 
obtdned  by  adding  anmionia  to  the  nitiule 
of  silver.  The  sdt  u  very  soluble^  readily 
crystallizes,  and  oonnsts  of  nitric  add  264^ 
oxide  of  sHver  550,  ammonia  ISO,  bdng  in 
the  ratio  of  an  atom  of  each  of  the  fotOMr, 
and  two  atoms  of  the  last  constituent.  A 
triple  sulphate  of  ammcmia  and  silver  wmf 
be  formed  in  the  same  way. 

The  sulphate  of  silver,  which  b  formed  by 
pouring  sulphuric  add  into  the  nitric  solu- 
tion of  silver,  is  sparingly  soluble  in  vrafter ; 
and  on  this  account  forms  crystals,  whidi  ase 
so  small  that  they  compose  a  white  powdet; 
The  muriatic  add  predpitatea  from  vatnc 
add  the  saline  compound  called  luna 
or  horn-silver ;  which  has  been  so 
guished,  because,  when  melted  and  cooled, 
it  forms  a  semitnuisparent  and  portly 
ble  mass,  resembling  horn.  It  b  su| 
that  a  preparation  of  this  kind  has  given 
to  the  accounts  of  malleable  glass.  Tbb 
eflfect  takes  place  with  aqua  regia,  which  ads 
strongly  on  silver,  but  predpttates  it  in  Ae 
form  of  muriate  as  fast  as  It  is  dissolved. 

If  any  salt  with  base  of  alkali,  containing 
the  muriatic  acid,  be  added  to  the  nitric  so- 
lution of  silver,  the  same  eflfect  taken  place 
by  double  affinity ;  the  alkaline  base  uniting 
with  the  nitric  add,  and  the  silver  falling 
down  in  combination  with  the  muriatic  add. 

Since  the  muriatic  add  throws  down  only 
silver,  lead,  and  mercury,  and  the  latter  of 
these  two  is  not  present  in  silver  that  bm 
passed  cupellation,  though  a  small  quaniity 


SILVER. 


747 


SILVER. 


of  copper  uuy  elude  tbe  foorilctttion  ki  that 
proeeMy  tbe  liWer  which  va9^  be  revived  Irom 
its  muriate  is  purer  than  can  readily  be  ob* 
tained  by  any  other  means.  When  this  salt 
is  exposed  to  a  low  red  heat,  its  chlorine  is 
not  expelled ;  and  a  greater  heat  causes  the 
whole  concrete  either  to  rise  in  fumes,  or  to 
pan  through  the  pores  of  the  vessel.  To 
reduce  it,  therefore^  it  is  necessary  that  it 
should  be  triturated  with  its  own  weight  of 
fixed  alluli  and  a  little  water,  and  tlie  whole 
afterwards  exposed  to  heat  in  a  crucible,  the 
bottom  of  which  is  covered  with  soda ;  the 
mass  of  muriate  of  silver  being  likewise  co- 
vered with  the  same  substance.  In  this  way 
the  acid  will  be  separated  from  the  silver, 
which  is  reduced  to  its  metallic  state. 

As  the  precipitate  of  muriate  of  siWer  is 
very  perceptible,  the  nitric  solution  of  silver 
ia  used  as  a  test  of  the  presence  of  muriatic 
iKrid  in  waters;  for  a  drop  of  this  solution 
povred  into  such  waters  wiU  cause  a  very 
evident  cloudiness.  Tbe  solution  of  silver 
ia  also  used  by  assayers  to  purify  the  nitric 
acid  from  any  admixture  of  muriatic  acid. 
In  this  state  they  call  it  precipitated  aqu^ 
Ibrtis. 

M.  Chenerix  found,  that  a  chlorate  of  sil- 
ver may  be  formed  by  passing  a  current  of 
chlorine  through  water  in  which  oxide  of  siU 
Tcr  is  suspended. .  It  requires  only  two  parts 
of  hot  water  for  its  solution,  and  this  affords, 
cm  CooUng,  snudl  white,  opaque,  rhomboidal 
crystals.  It  is  likewise  somewhat  soluble  in 
•kohoL  Half  a  grain,  mixed  with  half  as 
much  sulphur,  and  struck  or  rubbed,  deto- 
nates with  a  loud  report  and  a  vivid  flash. 

Compounds  of  silver  with  other  adds  are 
best  formed  by  precipitation  ftom  its  solution 
in  nitric  acid ;  either  by  tbe  add  itself,  or  by 
its  alkaline  salts.  Phosphate  of  silver  is  a 
dense  white  preripitate,  insoluble  in  water, 
but  soluble  in  an  excess  of  its  add.  By  heat 
it  fuses  into  a  greenish  opaque  glass.  Car- 
bonate of  silver  is  a  white  insoluble  powder, 
which  is  blackened  by  light.  Tbe  fluate  and 
borate  are  equally  soluble.  Distilled  vinegar 
readily  dissolves  the  oxide  of  stiver,  and  the 
solution  affords  long  white  needles,  easily 
crystallised.     See  Salts. 

The  precipitates  of  silver,  which  are  form- 
ed by  the  addition  of  alkalis  or  earths,  are  all 
reducible  by  mere  heat,  without  tbe  additioo 
of  any  combustible  substance. 

A  detonating  powder  has  been  wM  lately 
at  Paris  as  an  object  of  amusement  It  is 
endosed  between  tbe  folds  of  a  card,  cut  in 
two  lengthwise ;  the  powder  being  placed  at 
one  end,  and  the  other  being  notched,  that  it  • 
may  be  distinguished.  If  it  be  taken  by  tbe 
notched  end,  and  the  other  be  held  over  the 
flame  of  a  candle^  it  soon  detonates,  with  a 
sharp  sound,  and  violent  flame.  Tbe  card 
Is  torn,  and  changed  brown ;  and  the  part  in 
contact  with  the  composition  is  covered  with 


a  slight  metallic  coating,  of  a  gneyish-wbitt 
colour. 

This  compound,  which  M.  Descotils  calls 
detonating  stiver,  to  distinguish  it  from  the 
fulminating  ulver  of  M.  BerthoUet,  may  be 
made  by  diaM>lving  silver  in  pure  nitric  add, 
and  pouring  into  the  solution,  while  it  is 
going  on,  a  suffident  quantity  of  rectified 
alcohol;  or  by  adding  alcohol  to  a  nitric 
solution  of  silver  with  considerable  excess  of 
add. 

In  tbe  first  case,  the  nitric  acid  into  which 
tbe  silver  is  put  must  be  heated  gently,  till 
the  solution  commences,  that  is,  till  the  first 
bubbles  begin  to  appear.  It  is  then  to  be 
removed  from  the  fire,  and  a  sufficient  quan- 
tity of  alcohol  to  be  added  immediately,  to 
prevent  the  evolution  of  any  nitrous  vapours. 
Tbe  mixture  of  the  two  liquors  occasions  an 
extrication  of  heat ;  the  effervescence  quickly 
recommences,  without  any  nitrous  gas  being 
disengaged ;  and  it  gradually  increases,  emit- 
ting at  the  same  time  a  strong  smell  of  nitric 
ether.  In  a  short  time  the  liquor  becomei 
turbid,  and  a  very  heavy,  white,  crystalline 
powder  falls  down,  which  must  be  separated 
when  it  ceases  to  increase,  and  washed  several 
times  with  small  quantities  of  water. 

If  a  verj  add  solution  of  silver  preriously 
made  be  employed,  it  must  be  heated  gently, 
and  the  alcohol  then  added.  The  heat  ex- 
dted  by  the  mixture,  which  is  to  be  made 
graduaUy,  soon  occasions  a  constdersble  ebul- 
lition, and  the  powder  immediately  predps- 
tates. 

It  would  be  superfluous  to  remind  the 
chemist,  that  the  mixture  of  alcohol  with  hot 
nitric  add  is  liable  to  occasion  acddents,  and 
that  it  is  consequently  prudent  to  operate  on 
small  quantities. 

This  powder  has  the  following  properties! 
It  is  white  and  ctystalline ;  but  tbe  size  and 
lustre  of  the  crystals  are  variable.  Light 
alters  it  a  little.  Heat,  a  blow,  or  long  con- 
tinued friction,  causes  it  to  inflame  with  a 
brisk  detonation.  Pressure  alone,  if  it  be 
not  Tery  powerful,  has  no  effect  on  it  It 
likewise  detonates  by  the  electric  spark.  It 
is  slightly  soluble  in  water.  It  has  a  very 
strong  metallic  taste. 

Concentrated  sulphuric  acid  occasions  it 
to  take  fire,  and  is  thrown  by  it  to  a  oondder- 
able  distancep  Dflute  sulphuric  add  appean 
to  decompose  it  slowly. 

A  fnlminating  silver  may  be  made  by  add- 
ing fragments  of  caustic  potash  to  a  solution 
of  chloride  of  silver  in  amm<mia.  When  tbe 
effervescence  has  ceased,  the  black  liquor 
obtained  is  to  be  diluted  and  filtered:  the 
black  powder  being  washed  and  dried,  detfr* 
nates  upon  the  application  of  heat 

Sulphur  combines  very  easily  with  silver, 
if  thin  plates,  imbedded  in  it,  be  exposed  to 
a  beat  suflident  to  mdt  the  sulphur.  The 
sulphurct  is  of  a  deep  violet  colour,  iqiproacli- 
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ing  to  black,  with  a  degree  of  metidlic  lustre^ 
opaque,  brittle,  and  soft  It  is  more  Itinble 
than  silver,  and  this  in  proportion  to  the  quan- 
tity of  sulphur  combined  with  it.  A  strong 
beat  expek  part  of  the  sulphur. 

Sulphuretted  hydrogen  soon  tamishea  the 
surface  of  polished  silver,  and  forms  on  it  a 
thin  layer  of  sulphuret. 

The  alkaline  sulphureU  combine  with  it 
by  beat,  and  form  a  compound  soluble  in 
water.  Acids  precipitate  sulphuret  of  silver 
from  this  solution. 

Phosphorus  left  in  a  nitric  solution  of  sil- 
ver becomes  covered  with  the  metal  in  a  den- 
dritic form.  By  boiling,  this  becomes  first 
white,  tlicn  a  light  black  mass,  and  is  ulti- 
mately converted  into  a  light  brown  phoa- 
phuret.  The  best  method  of  forming  a  phos- 
phuret  of  silver  is  Pelletier's,  >vhich  consists 
in  mixing  phosphoric  add  and  charcoal  with 
the  metal,  and  exposing  the  mixture  to 
heat. 

Most  metallic  substances  precipitate  silver 
in  the  metallic  state  from  its  solution.  The 
aasayers  make  use  of  copper  to  separate  the 
silver  from  the  nitric  acid  used  in  the  procesa 
of  parting.  The  precipitation  of  silver  by 
mercury  is  very  slow,  and  produces  a  pecu- 
liar symmetrical  arrangement,  called  the  tree 
of  Diana.  In  this,  as  in  all  precipitations, 
the  peculiar  form  may  be  affected  by  a  variety 
of  concomitant  circumstances ;  for  which  rea- 
son one  process  usually  succeeds  better  than 
another. 

Make  an  amalgam,  without  heat,  of  four 
drachms  of  leaf  silver  with  two  drachms  of 
mercury.  Dissolve  the  amalgam  in  four 
ounces  or  a  sufficient  quantity  of  pure  ni- 
tric acid  of  a  moderate  strength ;  dilute  this 
solution  in  about  a  pound  and  a  half  of  dis- 
tilled water;  agitate  the  mixture,  and  pre- 
serve it  for  use  in  a  glass  bottle  with  a  ground 
stopper.  When  this  preparation  is  to  be  used, 
the  quantity  of  one  ounce  is  put  into  a  phial, 
and  the  sise  of  a  pea  of  amalgam  of  gold,  or 
silver,  as  soft  as  butter,  b  to  be  added ;  after 
which  the  vessel  must  be  left  at  rest  Soon 
afterwards,  small  filaments  appear  to  issue 
cut  of  the  ball  of  amalgam,  which  quickly 
increase,  and  shoot  out  branches  in  the  form 
jof  shrubs. 

Silver  unites  with  gold  by  fusion,  and 
forms  a  pale  alloy,  as  has  been  already  men- 
tioned in  treating  of  that  metal  With  pla- 
tina  it  forms  a  hard  mixture,  rather  yellower 
than  silver  itself,  and  of  difficult  fusion.  The 
two  metals  do  not  unite  well.  Silver  melted 
with  one-tenth  part  of  crude  platina,  from 
which  the  ferruginous  particles  had  been 
separated  by  a  strong  magnet,  could  not  be 
rendered  clear  of  scabrous  parts,  though  it 
was  repeatedly  fused,  poured  out,  and  lami- 
nated between  rollers.  It  was  then  fused, 
and  suffered  to  cool  in  the  crucible  but  with 
no  better  success.   After  it  had  been  formed, 


by  n^Ung  and  hammering  into  a 

blowpipe  expcriiMnta,  it  was  exposed  to  a 

low  red  heat,  and  becune  rough  and 

over  its  whole  surface.     The  qnantilics 

one  hundred  grains  of  silver,  and  ten 

of  platina.     Nitre  was  added  dmioi^  the  fb- 

aions. 

Silver  very  readily  combines  with  meptiu}- 
A  very  sensible  degree  of  beat  is  produced 
when  silver  leaf  and  mercury  are  kneaded 
together  in  the  palm  of  the  hand.  With 
it  fonns  a  soft  mass,  less  sonotous  than 
silver.  With  copper  it  becomes  harder  aad 
more  sonorous,  at  the  same  time  diat  it  n^ 
mains  sufficiently  ductile:  this  mixtnie  is 
used  in  the  Bridsh  coinage.  12{-  parts  ef 
silver,  alloyed  with  one  of  copper,  fonn  the 
compound  called  standard  silver.  The  mix- 
ture of  silver  and  iron  has  been  little  exa- 
mined, "^th  tin  it  forms  a  oomponnd,  vHiidl^ 
like  that  of  gold  with  the  same  metal,  has 
been  said  to  be  brittle,  however  small  the  pro- 
portion; though  there  is  probably  as  little 
fbundadon  for  the  aaaeition  in  the 
as  in  the  other.  With  bismuth, 
and  antimony,  it  forms  brittle  oontpooadb 
It  does  not  unite  with  nickel, 
pound  of  silver  and' tungsten,  in  the 
tion  of  two  of  the  fcMiner  to  one  of  the 
was  extended  under  the  hammo'  dniii^  a 
few  stndLes ;  but  afterwards  ^ilit  in  jeicii 
See  Ibon. 

The  uses  of  rilver  are  well  known :  it  is 
chiefly  applied  to  the  fonning  of  various  wtca 
sils  for  domestic  use,  and  as  the  mcdimn  ef 
exchange  in  money.  Its  disposition  to  a^ 
sume  a  black  colour  by  tarnishing,  and  ill 
sofbiess,  appear  to  be  the  chief  obiection  to 
its  use  in  the  construction  of  gradoatad  in- 
struments for  astronomical  and  ocbv  par- 
poses,  in  which  a  good  white  metal  would  be 
a  desirable  acquisition.  The  nitrate  of  aibv, 
besides  its  great  use  as  a  caustic,  has  beta 
employed  as  a  medicine^  it  is  said  with  good 
success,  in  epileptic  esses,  in  the  dose  of 
l-8th  of  a  grain,  gradually  increased  to  3 
grains,  three  times  »<lay. 

The  frequent  employment  in  diemical  ia> 
searches  of  nitrate  of  silver  as  a  reagenl  Ibr 
combined  chlorine,  occasions  the  prodnctiaa 
of  a  considerable  quantity  of  the  chloride 
(muriate)  of  silver,  which  is  usually  reco»> 
verted  into  metal  by  fusion  with  potosh  ia  a 
crucible.  But,  as  much  of  the  silver  is  tost 
in  this  way,  it  is  better  to  expose  the  follow- 
ing mixture  to  the  requisite  heat  t—- 
Qiloride  of  silver,  100 

Dry  quicklime,  -  19.8 

•  Powdered  chareoal,  4w2 

An  easier  method,  however,  is  to  put  the 
meteUic  diloride  into  a  pot  of  clean  iron  or 
sine,  to  cover  it  with  a  small  quantity  of 
water,  and  to  add  a  little  sulphuric  or  muria> 
tic  acid.  The  reduction  of  the  chloride  of 
silver  by  the  zinc  or  iron  is  an 
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which  it  n  curious  to  observe,  espedslly  with  mercury*     The  solid  metab  are  to  be  fliit 

the  chloride  in  mass  (/una  cornea).     It  be-  fused  together,  and  the  mercury  added  when 

gins  first  at  the  points  of  contact,  and  speedily  the  mixture  u  almost  cold.     A  rery  gentle 

extends  in  the  form  of  ramifications  over  its  heat  is  sufficient  to  fuse  this  amalgam.     In 

whole  surface,  and  into  its  interior.     Hence,  this  state  it  is  poured  into  a  clean  glass  globe 

in  less  than  an  hour,  considerable  pieces  of  intended  to  be  silvered,  by  means  of  a  paper 

hom-silver  are  entirdy  reduced.    If  the  mass  funnel,  which  reaches  to  the  bottom.     At  a 

operated  on  be  considerable,  the  temperature  certain  temperature  it  will  stick  to  the  glass, 

rises,  and  accelerates  the  rerirification.     On  which  by  a  proper  motion  may  thus  be  siU 

the  small  scale,  artificial  heat  may  be  ap-  Tered  completely,  and  the  superfluous  amal- 

plied.— ^nn.  de  ChimiCf  July  1820.      See  gam  poured  out.     The  appearance  of  these 

Salts.                                     *  'toys  is  varied  by  using  glass  of  difierent  co- 

SILVERING.     There  are  various  me-  lours,  such  as  yellow,  blue,  or  green, 
thods  of  giring  a  covering  of  silver  or  silvery  SIMILOR.     The  name  of  a  gold  look- 
aspect  to  the  surfaces  of  bodies.     The  appli-  ing  alloy,  consisting  of  copper  and  zinc, 
cation  of  silver  leaf  is  made  in  the  same  way  SIR  VAT  AN.      The   blowpipe  or  reed 
as  that  of  gold,  for  whidi  see  Gildino.  through  which  the  Worari  poisoned  arrow  is 

Copper  may  be  silvered  over  by  rubbing  propelled  upon  the  victim.«-See  Worari. 

it  with  the  following  powder :— Two  drachms  SKO  RO DITE.       Colour    leek-green  ; 

of  tartar,  the  same  quantity  of  common  salt,  massive,  but  generally  crystallized  in  very 

and  half  a  drachm  of  alum,  are  mixed  with  short  broad  rectangular  four-sided  prisms ; 

fifteen  or  twenty  grains  of  silver  precipitated  fracture  uneven  ;   translucent ;   as  hard  as 

from  nitric  acid  by  copper.     The  surface  of  calcareous  spar ;  easily  frangible.     It  melts 

the  copper  becomes  white  when  rubbed  with  before  the  blowpipe,  with  emission  of  arseni- 

this  powder,  which  may  afterward  be  brushed  cal  vapour,  and  is  converted  into  a  reddish- 

off  and  polished  with  leather.  brown  mass,  which,  when  highly  heated,  so 

The  saddlers  and   harness-makers  cover  as  to  drive  off  all  the  arsenic,  becomes  at- 

their  wares  with  tin  for  ordinary  uses,  but  a  tractible  by  the  magnet     It  is  an  arseniate 

cheap  silvering  b  used  for  this  purpose  as  of    iron,    without   copper.       It  occurs   in 

follows :— Half  an  ounce  of  silver  that  has  quartz  and  homstone,  in  primitive  rocks,  in 

been  precipitated  from  aquafortis  by  the  ad-  the  Schneeberg  mining  district  in  Saxony, 

dition  of  copper,  common  salt,  and  muriate  SLATE  (ADHESIVE).     See  Clay. 

of  ammonia,  of  each  two  ounces,  and  one  SLATE  CLAY.     See  Clay. 

drachm  of  corrosive  muriate  of  mercury,  are  SLATE  COAL.     See  Coal. 

triturated  together,  and  made  into  a  paste  SLATE  SPARorSCHIEFER  SPAR, 

with  wator ;  with  this,  copper  utensils  of  every  A  sub-species  of  limestone, 

kind,  that  have  been  previously  boiled  with  SLICKENSIDES.      The  specular  va- 

tartar  and  alum,  are  rubbed,  after  which  they  riety  of  Galena,  so  called  in  Derbyshire, 

are  made  red-hot,  and  then  polished.     Hie  It  expresses  the  smoothness  of  its  surface, 

intention  of  this  process  appears  to  be  little  It  occurs  lining  the  walls  of  very  narrow 

more  than  to  apply  the  sUver  in  a  state  of  rents.     It  has  a  most  remarkable  property, 

minute  division  to  the  clean  surface  of  the  that  when  the  rock  in  which  it  is  contained 

copper,  and  afterward  to  fix  it  there  by  fu-  is  struck  with  a  hammer,  a  crackling  noise 

sion  ;  and  accordingly  this  silvering  may  be  is  heard,  which  is  generally  followed  by  an 

effected,  by  using  the  argentine  precipitate  explosion  of  the  rock  in  the  direction  and 

here  mentioned  with  borax  or  mercury,  and  neighbourhood  of  the  vein.     The  cause  of 

causing  it  to  adhere  by  fusion.  this  singular  effect  has  not  been  satisfactorily 

The  dial-plates  of  clocks,  the  scales  of  ba-  explained.— Jam^jon. 

rometers,  and  other  similar  articles,  are  sil-  SMALT.     See  Zaitre. 

vered  by  rubbing  upon  them  a  mixture  of  SMARAGDITE.     Diallage. 

muriate  of  silver,  sea  salt,  and  tartar,  and  SMARAGDUS.     See  Emerald. 

afterward  carefully  washing  off  the  saline  SOAP.      A  compound,  in  definite  pro- 

inatter  with  water.     In  this  'operation,  the  portions,  of  certain  principles  in  oils,  fats,  or 

silver  is  precipitated  from  the  muriatic  acid,  resin,  with  a  salifiable   base.      When  this 

which  unites  with  part  of  the  coppery  sur-  base  is  potash  or  soda,   the  compound  is 

face.     It  is  not  durable,  but  may  be  im-  used   as  a   detergent  in   washing   clothes, 

proved  by  heating  the  article,  and  repeating  When  an  alkaline  earth,  or  oxide  of  a  com- 

the  operation  till  the  covering  seems  suffi-  mon  metal,  as  litharge,  is  the  salifiable  base^ 

ciently  thick.  the  compound  is  insoluble  in  water.     The 

Tlie  silvering  of  pins  is  effected  by  boiling  first  of  these  combinations  is  scarcely  ap- 

tfaem  with  tin  filings  and  tartar.  plied  to  any  use,  if  we  except  that  of  lin- 

Hollow  mirrors  or  globes  are  silvered  by  seed-oil    with   lime  water,  sometimes    pre- 

an   amalgam,    consisting  of   one    part  by  scribed  as  a  liniment  against  bums;  and 

weight  of  bismuth,  half  a  part  of  lead,  the  the  last  is  known  only  in  sui^gery  as  the 

same  quantity  of  pure  tin,  and  two  parts  basis  of  certain  plasters.     Concerning  the 
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dMUiidd  coMtitutioa  of  foopi  and  «q(KMii- 
lUation,  no  exact  ideas  were  eatcftained 
prior  to  BC  CbeTreul's  researches;  of  wbkh 
copious  deCaib  are  given  under  the  ar- 
ticles Fat,  Elain,  Aoim  (Mabgabic  and 
Oleic). 

Fata  are  compounds  of  a  sc^d  and  a  li- 
quid substance ;  the  former  called  siearinef 
the  latter  resembling  vegetable  oil,  and  tberfr* 
fore  called  eldtn.  When  fat  is  treated  with 
a  hot  ley  of  potash  or  soda,  the  constituents 
react  on  one  another,  so  as  to  generate  the 
solid  pearly  matter  margaric  acid,  and  the 
fluid  matter  oleic  acid,  both  of  which  enter 
into  a  species  <^  saline  combination  with  the 
alkali;  while  the  third  matter  that  is  pro- 
duced, the  tweet  principle,  remains  free. 
We  must  therefore  regard  our  common  soap 
as  a  miiture  of  an  alkaline  margarate  and 
oleate,  in  proportions  determined  by  the  re- 
lative proportions  of  the  two  adds  pro- 
ducible from  the  peculiar  species  of  fat. 
It  b  probable^  on  the  other  hand,  that  the 
soap  formed  from  vegetable  oil  is  chiefly  an 
oleate.  No  chemical  researches  have  hitiier- 
to  been  made  known  on  the  compounds  of 
resin  with  alkalis,  though  these  constitute 
the  brown  soaps  so  extensively  manufactured 
in  this  country.  All  oils  or  fats  do  not  pos- 
sess in  an  equal  degree  the  property  of  sa- 
ponification. Tliose  which  saponify  best, 
according  to  D*Arcet^  senior,  Lelievre,  and 
Pelletier,  are,— > 

1.   Oil  of  olives,  and  of  sweet  almonds. 

9.  Animal  oib ;  as  hogVlard,  tallow, 
butter,  and  horse-oil. 

3.  Oil  of  colsa,  or  rape-seed  oil. 

4.  Oil  of  beecb-mast  and  poppy-seed, 
when  mixed  with  olive-oil  or  tallow. 

5.  The  several  fish-oils,  mingled  like  the 
preceding. 

6.  Hempseed-oil. 

7.  Nut-oil  and  linseed-oiL 
a   Palm-oil. 

9.   Rosin. 

In  general,  ^e  only  soaps  employed  in 
commerce^  are  those  of  olive-oil,  tallow, 
lard,  palm-oil,  and  rosin.  A  species  of  soap 
can  also  be  formed  by  the  union  of  bees-wax 
vrith  alkali ;  but  this  has  no  detergent  ap- 
plication, being  used  only  for  painting  in 
encautto, 

I  shaU  first  describe  the  fabrication  of 
olive-oil  soap.— 'To  this  oil  there  is  usually 
added  one^fifth  of  that  of  rape-seed ;  with- 
out which  addition  the  section  of  the  soap 
would  not  be  suflidently  smooth  and  uni- 
form, but  clotty,  and  unprofitable  to  the  re- 
tailer. 100  parts  of  oHve-oil  consist,  ac- 
cording to  Chevreul,  of  78  parts  of  elain, 
and  m  of  stearine;  while  100  parts  of 
rape-seed  oil  consist  of  54>  elain,  and  46 
of  stearine.  Since,  however,  the  prime 
equivalents  of  the  maigaric  and  oleic  acids, 
which  resuh  firom  the  above  two  principles, 


•re  neatly  the  «bm^  that  of  tiie 

ing  about  34^  and  of  tiw  laUtr  dfi^  it 

not  seem  necessary  to  conaider,  in  m 

cal  point  of  view,  the  propoitioeB  of  fc 

two  oils. 

Besides  the  oils,  the  mttefv  etnployed  ii 
the  manufacture  of  this  aoop  mte,  Iji;  tt> 
soda  (barilla)  of  commerce^  of  good  qnaS> 
ty,  that  is,  containing  from  30  to  36  per 
cent  of  dry  cartwnate ;  2d,  qctickfiose ;  3t, 
water.  100  parts  of  oil  require  about  5% 
parts  of  the  best  barilla  for  saponificatiea; 
and  3  parts  of  the  barilla  require  1  of  qnidt- 
fime. 

After  bruising  the  soda,  and  alackfaig  te 
lime,  they  are  mingled,  and  a  oereain  quaB 
tity  of  cold  water  u  poured  upon  the  nix- 
tune.  At  the  end  of  12  boursy  the  liqaar  is 
allowed  to  run  off.  It  is  ealled  the  finC 
ley,  and  marks  from  20^  to  25P  on  the  hv^ 
drometer  of  Baum^  (sp.  gr.  1. 16  to  ].2I> 
On  treating  the  residuum  twice  witb  ficdk 
water  to  exhaust  it,  two  other  lejs  are  o^ 
tained;  the  one  from  10^  to  IS^,  (sp.  gr. 
1.072  to  1.114) ;  the  odier  from  4^  to  5*, 
(sp.  gr.  1.027  to  1.036). 

When  the  manulhctorer  has  laid  in  a 
stock  of  leys,  of  dififerent  densitiea,  he  ok 
gages  in  the  soap-boOing.  For  this  par- 
pose  he  employs  boilera  (caidronsX  wUdi 
vary  much  in  their  construction^  and  wksdi 
may  contain  from  2500  to  5O0O  pooads  of 
soap.  In  all  cases,  they  have  at  their  bot- 
tom a  pipe  2j  inches  in  diameter,  called  tte 
thorn  (epme). 

Hiey  begin  by  putting  weak  ley  into  the 
boiler ;  they  then  pour  in  gradually  the  o8» 
and  boil  the  mixture.  The  combinatioa  ii 
soon  effected,  forming  a  species  of  emul- 
sion :  they  temper  the  flre^  and  add  aoo- 
cessively  weak  ley  and  oil,  taking  care  ta 
maintain  the  mass  in  a  homogeneous  pasty 
state,  without  ley  at  the  bottom  or  oil  oa 
die  surface^  in  order  to  accelerate  the  oom- 
bination. 

When  they  have  thus  put  into  the  boOa 
all  the  oil  which  they  wish  to  saponify,  they 
add  to  it  slowly  some  strong  ley,  wiiicfa  ood- 
pletes  the  saturation  of  the  oil,  converting  ^bt 
emulsion,  with  an  oily  excess,  into  a  perfect 
soap,  which  separates  from  the  ley,  and  which 
collects  upon  tlie  surface. 

Whenever  this  pbeooroenon  oocun^  tte 
ley,  ahhoogfa  very  abundant,  is  no  loager  fit 
for  saponification  :  there  is  now  present  in  it 
only  some  neutral  salts,  carbonate  <»f  soda, 
and  a  little  caustic  soda,  unabsorbed.  For 
this  reason,  when  the  fire  has  been  allowed 
to  fall,  they  withdrew  the  ley  by  the  pipe,  so 
as  to  leave  the  soap  nearly  dry.  Fresh  leys 
are  now  added,  which  are  caustic  and  ceo- 
centrated ;  and  the  fire  is  rekindled,  llins 
there  is  poured  into  the  boiler  more  caustic 
ley  than  is  required  to  saturate  the  oil ;  the 
mixture  b  then  boiled,  ta  leave  no  doubt  of 
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tlM  satofation  of  the  ail  with  alkali ;  and 
the  ebttJlitiQa  ia  aloppad  when  the  I17  has 
attaiaed  a  tpeci6o  gravity  of  1. 15  or  h2. 
This  ley,  over  which  the  soap  floats,  is  next 
withdrawn  like  the  preceding,  and  the  soap 
ia  left  dry  at  the  bottom  of  tlie  boiler.  In 
this  state,  the  soap  is  of  a  deep  blue  colour 
bordering  on  black,  and  contains  only  16 
per  cent  of  water.  This  colour  proceeds 
firom  a  combinatioo  of  the  oil,  alumina,  and 
hydrosulphuret  of  Iron,  which  is  formed  dur- 
ing the  pasty  process,  and  which  dissolves 
in  the  soap.  The  alumina  is  derived  from 
•  the  furnaces  in  which  the  soda  is  fabricated, 
and  gets  dissolved  in  it  during  the  lizivia- 
tton.  The  sulphuretted  hydrogen  comes 
from  the  hydrosulphuret  of  soda  contained 
in  the  ley,  and  is  set  at  liberty  the  moment 
that  the  paste  or  glue  is  made.  As  to  the 
oxide  of  iron,  it  proceeds  from  the  materiab 
employed,  or  from  the  hearth  of  the  furnace^ 
or  from  the  plant  itself  when  native  barilla 
ie  employed.  This  oxide  of  iron  is  held 
in  solution  by  tiie  hydrosulphuret  of  soda. 
When  the  leys  do  not  contain  enough  of 
oxide  of  iron  to  colour  the  ahiminous  soap 
into  a  fine  blue»  they  add  to  the  boiling  a 
auffident  quantity  of  iron,  which  is  done  by 
sprinkling  in  a  .scdution  of  copperas,  afWr 
the  pasty  operation.  At  any  rate,  it  appears 
that  the  oil  unites  almost  immediately  with 
the  alumina  and  the  oxide  of  iron ;  that 
there  thence  results  a  yellowish  alumino- 
Icrruginous  soi4>,  and  that  it  is  only  by  the 
heat  of  ebullition  that  this  soap  acquires  the 
blue  ci>lour.  The  soap  made  by  the  above 
process  may  be  converted  either  into  white 
or  marbled  soap.  To  convert  it  into  white 
soap,  we  must  mingle  it  gradually  with  di- 
lute leys,  with  a  gentle  heat,  and  allow  de- 
position to  take  place,  with  a  covered  boiler. 
The  blackish  alumino-ferruginous  soap,  not 
being  soluble  in  the  soda  soap  at  this  tem- 
perature, separates  from  it,  and  falls  to  the 
bottom  of  the  boiler. 

The  soap-paste,  which  has  become  per- 
fectly white,  is  now  taken  out,  and  run  into 
the  wooden  frames,  where  it  becomes  hard 
on  cooKng.  From  these  it  is  finally  remov- 
ed, and  cut  into  bars. 

This  soap  is  known  in  France  under  the 

name  of  soap  in  tables   (savon   en  table). 

According  to  M.  Thenard,  it  consists  of*^ 

Soda,  4.6 

Fat  matter,  50.9 

Water,  45.2 

100.0 
According  to  M.  D*Arcet*s  analysis,  as 
reported  to  me  by  M.  Clement,  Marseilles 
white  soap  is  composed  of— - 

Soda  6 

Oil,  60 

Water,  34 

100 


By  my'  experiments  on  that  soap,  th^ 
quantity  of  soda  in  it  is  from  6  to  6.5  per 
cent. 

This  soap  is  preferred  for  delicate  pur- 
poses, as  the  washing  of  lace,  and  for  dye- 
ing ;  because,  having  been  edulcorated  with 
very  weak  leys,  and  purified  by  subsidence 
and  decantation,  it  contains  no  excess  of 
alkali,  nor  any  foreign  body.  It  is  hence 
much  smoother  and  milder  than  the  marbled 
soap,  of  which  we  are  now  to  treat. 

When  the  soap-boiltng  is  finished,  and 
when  the  ley  over  which  it  swims  has  ac- 
quured  a  specific  gravity  of  from  1.15  to 
1.20,  the  soap  is  of  a  blackish-blue  colour, 
as  we  have  said  above.  In  this  state,  if,  in- 
stead of  wishing  to  make  table  soap,  we  de- 
sire to  make  the  marbled  kind,  we  pursue  the 
following  plan  :-^ 

We  have  seen  that  the  soap  contains  dien 
but  16  per  cent  of  water,  and  that  the  en- 
tire mass  has  a  dark  colour.  We  must  add 
water  to  supply  the  deficiency,  in  order  that 
the  colouring  matters  be  separated  from  the 
white  past^  and  that  it  may  unite  into  veins 
of  greater  or  less  uze»  so  as  to  form  a  spe- 
cies of  blue  marbling  in  a  white  basis, 
llie  separation  of  this  body  may  be  com- 
pared to  a  species  of  crystallization.  For 
its  proper  production,  the  soap  must  be  suit- 
ably diluted ;  and  it  must  not  be  allowed  to 
cool  either  too  slowly  or  too  quickly.  If  it 
be  too  much  diluted,  and  if  it  cool  too  slowly, 
we  dbtain  only  a  white  soap,  the  whole  mar- 
bling falling  to  the  bottom.  In  the  oppo- 
site case,  it  is  entirely  in  little  grains,  like  a 
mass  of  granite. 

This  process  is  founded,  we  perceive,  on 
the  smaller  solubility  of  the  alumino-femi- 
ginous  soap  at  a  low  temperature ;  and  on 
the  proper^  which  the  solution  possesses  of 
not  being  able  to  retain  it,  and  of  separating 
from  it  at  a  certain  density. 

At  all  events,  whenever  there  is  added  to 
the  boiling  a  suitable  quantity  of  weak  ley 
to  bring  it  to  the  desired  point,  this  soap  is 
run  into  the  frames  in  the  same  way  as  the 
white  soap,  and  is  taken  out  after  cooling  to 
be  cut  into  bars.  The  fVames  or  boxes  for 
cooling  the  soap  are  either  wooden  boxes 
with  moveable  sides  fixed  by  wedges,  or  are 
stone  troughs  jointed  with  cement.  The 
platform  on  which  they  rest  must  be  so  con- 
structed as  to  allow  the  ley  to  run  off  into  a 
reservoir.  This  mottled  soap  is  always 
harder  and  more  uniform  in  its  proportions 
than  the  white  table  soap.  In  fact,  the  pro- 
duction of  the  marbling  does  not  permit  the 
manufacturer  to  vary  the  quantity  of  the 
water;  for  this  depends  on  the  marbling. 
White  table  soap,  on  the  contrary,  may  re- 
ceive as  much  water  as  the  manufacturer 
shall  desire^  and  it  is  even  whiter  the  more 
water  it  contains.  It  thence  appears,  that 
the  marbled  soap  deserves  a  preferenctw 
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Some  yean  ago  I  analysed  the  fordgn 
Castfle  soap,  as  also  an  imitation  of  it  made 
in  London.  Tlie  first  had  a  specific  gravity 
of  1.0705.     It  consisted  of-— 

Soda,  aO 

Well-dried  oily  matter,  76.5 

Water  with  a  little  colouring  matter,  14iw5 

100.0 
The  specific  gravi^  of  the  second  was 
only  0.9669 ;  for  it  remained  at  rest  in  any 
part  of  a  dilute  alcohol  of  that  densi^.     Its 
composition  was^ 

Soda,  10.5 

Pasty  consistence  and  fat,  75.2 

Water  with  the  colouring  matter,     14k  3 

100.0 
The  difference  of  density  probably  arose 
partly  from  a  higher  specific  gravity  of  the 
oil,  and  partly  from  the  greater  chemical 
condensation  of  the  soapy  particles  in  the 
foreign  marbled  soap,  usually  called  Castile 
soap  by  the  apothecaries.  Both  of  the  above 
soaps  were  very  dry. 

Berry*s  white  soap  yielded  me-— 
Soda,  8 

FaUy  matter,  75 

Water,  17 

100 
Glasgow  best  white  soap,«- 
Soda,  6.4 

TaUow,  60.0 

Water  with  a  little  muriate  of  soda,    33.6 

100.0 
Brown  or  rosin-soap,  (Glasgow),— 
Soda,  6.5 

Rosin  and  fat,  70.0 

Water,  2a5 

100.0 
I  have  since  examined  several  of  the  com- 
mon white  soaps.  The  average  of  soda  per 
cent  is  about  5,  from  which  their  detergent 
quality  may  be  inferred  to  be  considerably 
inferior  to  the  preceding  soaps,  which  were 
all  carefully  manufactured,  lie  soap  lately 
imported  from  India,  when  freed  from  the 
soda  powder  On  its  surface,  yields  less  tljan 
5  per  cent  of  combined  soda ;  and  is  hence 
not  so  powerful  a  detergent  as  many  of  the 
common  soaps  of  this  country.  It  is,  more- 
over, highly  charged  with  muriate  of  soda. 
Hie  composition  of  a  good  soft,  or  potash 
soap,  made  by  a  respectable  manufacturer  in 
Glxisgow,  was  as  follows  :— 

Potash,  9 

Fat,  43.7 

Water,  47.3 

100.0 
Here  the  equivalent  proportions  are  no 
longer  .observed.     As  we  may  estimate  the 


ftiean  atotnic  weight  of  the  <Aae 
garic  acids  at  35,  or  ten  times  that  ot 
(oxygen  being  1),  we  aee  that  9  oT 
should  take  52.5  of  fat,  instead  of  43L7.  € 
of  soda  (equivalent  to  9  of  potash)  in  a  ha«i 
soap  will  indicate  in  like  manner  ^2.5  of  fiit. 
I  consider  this  proportion  to  be  that  ai  sood 
soap,  such  as  the  best  Marseilles;  bsU  we 
shall  generally  find,  I  believe,  sonaewliaft  htm 
than  5  in  100  parts  of  our  soaps  of 
sometimes  only  4.5;  and  hence  such 
may  be  estimated  at— • 
Soda,  -  >  5.0O     oi 

Fat,  -  -  4a75 

Water  and  muriate  of  soda,  51.25  56.1 


lOaOO  lOQLO 
There  are  debased  soaps,  however,  €£ 
the  pretended  snow-soap  is  the  vaot 
able,  that  contains  far  less  of  the  real 
fied  compound  than  the  above.  It  is  the 
practice  of  some  persons  to  keep  tbe  soap  m 
strong  brine,  after  it  has  been  char^ged  villi 
a  large  dose  of  common  salt.  Such  adul- 
terations should  be  detected,  and  tiieir  amhan 
exposed.  My  alkalimeter,  noticed  in  the 
Introduction,  will  enable  any  person* 
ever  little  skilled  in  chemutry,  to 
in  a  few  minutes  the  detergent  or 
quality  of  any  soap. 

The  specific  gravity  of  soap  is  in  general 
greater  than  that  of  water.  Its  taste  is 
faintly  alkaline.  -  When  subjected  to  best,  it 
speedily  fuses,  swells  up,  and  is  then  decaa» 
posed.  Exposed  to  the  air  in  thin  slices  it 
soon  becomes  dry ;  but  the  whc^e  combined 
water  does  not  leave  it,  even  by  carefiol 
desiccation  on  a  sand-bath.  Thus  100 
of  Berry's  cake  soap,  analyzed  abovi^ 
only  12  per  cent ;  and  100  o£  the  1 
gow  white  soap,  only  21.  If  we  suppose 
good  bard  soap  to  consist  of  1  prime  aodst  I 
prime  saponified  fat,  and  20  primes  water. 
we  shall  have  its  theoretic  oompositkMi  ia 
be— 

Soda,  -  4  6.5 

Fat,  -  35  56.9 

Water,  -         22.5         36.6 

61.5      loao 

This  is  probably  the  true  constitution,  which 
may  be  occasionally  modified  by  tfie  forma- 
tion of  a  little  suboleate  or  submargaraii^  and 
a  slight  variation  in  the  quantity  of  water, 
either  from  evaporation,  or  the  presence  of 
a  little  in  excess,  not  chemically  coodaae^ 
When  such  soap  is  desiccated,  if  it  still  re- 
tains 10  atoms  of  intimately  con^bioed  water, 
the  proportion  of  this  per  cent  will  be  2% 
nearly  coinciding  with  the  last  of  the  abote 
results. 

Soap  is  much  more  soluble  in  hot  dian  in 
cold  water.  Hiis  solution*  is  instantly  dis- 
turbed by  the  greater  number  of  acids,  which 
seizing  the  alkali,  either  separate  the  latty 
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priaciplcfl,  lir  unite  with  tbem  into  an  acido^    and  beginning  to  •eparate  from  the  aqueoua 
soapy  emulsion4     The  solution  is  Hkewiaei    b'quor,  Messrs  Pelletier,  D'Aroet,  and  Le^ 

decomposed  by  almost  all  the  earthy  and  Uevre,  advise  us  at  this  period  to  throw  into 

metallic  salts,  which  give  birth  to  insoluble  the  caldron  a  few  pounds  of  sea-salt,  in  order 

compounds  cf  the  oleic  and  margaric  acids  to  produce  a  more  complete  separation ;  tho 

Irith  the  salifiable  base&  paste  then  assumes  a  grained  form,  somewhat 

Soiq;>  is  soluble  in  alcohol ;  and  in  burger  resembling  spoiled  cream.    The  ebullition  ia. 

quantity  by  the  aid  of  heat     When  boiling  mainlain»i  during  two  hours,  after  which, 

alcohol  is  saturated  with  soap,  the  liquid,  on  the  fire  is  withdrawn,  and  the  agitation  dis* 

cooling,  forms  a  consistent  transparent  mass  continued*    When  a  few  hours  have  elapsed, 

of  a  yellow  colour.    When  this  mass  is  dried,  the  liquor  which  has  subsided  to  the  bottont. 

it  still  retains  its  transparency,  provided  the  of  the  caldron  is  drawn  off  by  means  of  the 

soap  be  a  compound  of  tallow  and  soda ;  pipe ;  the  fire  is  rekindled,  the  soap  is  dia^ 

and  in  this  state  it  is  sold  by  the  perfumers  solved  by  the  aid  of  a  little  water  poured 

ip  this  country.  into  the  caldron,  the  mixture  is  agitated,  and: 

Good  soap  possesses  the  property  of  re-  when  it  is  completely  liquefied,  and  in  a* 

moving  from  linen  and  cloth  the  greater  part  boiling  state,  the  remainder  of  the  first  le^^ 

of  fatty  substances  which  may  have  been  (about  1.14  sp.  gr.)  is  gradually  added  to  it» 

applied  to  them.  In  some  manufactures,  says  M.  Cbaptal,  thi^ 

With  regard  to  marbled  soaps,  M.  Chap-  strongest  hxivium  (the  first)  is  employed  at 

tsl,  in  bis  Ckimie  ApitUqiUet  says,  that  it  is  the  commencement  of  the  ebullition ;   by 

pot  till  after  two  days*  boiling  that  the  pro*  which   metliod   the  paste  becomes  quickly^ 

^ess  of  variegation  is  begun.     With  this  thickened  to  a  considerable  degree,  and  re^ 

view  1- 1 40th  part  of  the  sulphate  of  iron,  re*  quires  to  be  managed  by  persons  skilled  ia 

latively  to  the  oil  intended  for  saponification,  such  operations.     It  is  judged  necessary  t(^ 

is  diluted,   and  decomposed   with  a  weak  pour  in  fresh  ley  when  the  paste  sinks  down^ 

lixivium.     This  solution  (mixture)  is  then  and  remains  at  rest.     They  continue  to  enw 

poured  into  the  caldroni  which  is  kept  in  a  ploy  the  strong  ley  till  it  be  nearly  exhausts 

state  of  ebullition  till  the  paste  becomes  black;  ed.     llien  the  boiling  subsides,  that  is,  it 

after  which  the  fire  is  extinguished,  and  the  sinks  down,  apd  appears  as  if  stauonary, 

lixiviujn  which  remains   unincorporated  is  It  boils  in  this  quiet  manner  during  three  or 

drawn  off.    When  this  is  done,  they  rekindle  four  hours ;  after  which  it  is  moistened  hf 

the  fir^  and  supply  the  paste  with  ley  during  pouring  into  it  the  second  lixivium  (1.07^ 

24 hours;  after  which  the  fire  being  put  out,  to  1.069  sp.  gr.),  while  care  is  at  the  same, 

the  matter  is  left  to  settle,  and  the  lixivium  time  taken  progr^vely  to  augment  the  heat, 

drawn  off  as  before.     This  process  is  repeat-  It  very  rarely  happens,  when  the  strongest 

ed  for  eight  or  nine  days,  at  the  end  of  which  lixivium  has  been  used  at  the  beginning, 

the  fira  is  removed,  and  tlie  lixivium  eva-  that  the  third  ley  (1.027  to  1.04  sp.  grav.). 

cuated.     As  soon  as  the  mass  hss  settled,  is  necessary.     This  is  employed  only  when 

about   12  pounds  avoirdupois  of  Spanish'  the  paste  does  not  boil,  because  then  the  ob- 

brown  diffused  through  water  are  added  to  it.  ject  is  to  dilute  it.     As  soon  as  the  boiling' 

When  this  is  done,  two  workmen,  stationed  is  finished,  the  fire  is  withdrawn ;  the  lixi» 

I           on  boards  set  over  the  caldron,  and  furnish-  vium  is  then  drawn  off;  after  which  tba 

'  ed  with  long  poles,  to  the  extremity  of  each  paste  is  left  to  cool,  and  taken  up  before  it 

of  which  is  attached  a  board  about  ten  inches  be  fully  coagulated,  by  means  of  copper  or 

square,  raise,  up  the  pastes  and  agitate  it  in  wooden  buckets,  to  be  transferred  into  moulds, 

different  directions,  while  others  pour  lixi-  into  the  bottoms  of  which  a  portion  of  puU 

vium  in  at  intervals,  till  the  paste  be  ren-  verized  lime  has  been  previously  introduced^ 

dered  fluid.     After  this  operation  the  soap  to  prevent  the  soap  from  adhering  to  them* 

is  removed  into  the  moulds.  At  the  end  of  two  or  three  days,  when  th« 

The  description  of  the  marbling  process  soap  has  become  suflSciently  hard,  they  re» 

previously  given  is  taken  from  Thenard,  and  move  it  from  the  mould,  and  divide  it  intQ- 

I           seems  to  me  more  correct,  though  the  above  wedges  of  different  sizes  by  means  of  a  brasa 

I           ipanipulations  are  no  doubt  worthy  of  atten-  wire.     They  place*  these  wedges  on  a  floov- 

I          tion.  edgeways,  -H-here  they  are  allowed  to  remain-. 

I               We  ascertain  that  soap  has  attained  a  due  till  they  become  perfectly  firm  and  dry. . 

\          degree  of  consistence,  1.  By  allowing  a  small  The  fair  trader,  adds  M.  Cbaptal,  lays  hit 

I          portion  of  it  to  fall  and  coagulate  on  a  slate ;  account  with  procuring  five  pounds  of  soap 

I          2.  If,  on  shaking  a  spatula  which  has  been  from  three  pounds  of  oil.     The  soap  ia  not: 

I          dipped  into  the  paste  bri&kly  in  the  air,  the  marketable  till  it  ceases  to  receive  any  iiiK' 

soap  be  detached  in  the  form  of  ribbons^  pression  from  the  fingers. 

p          without  adhering  to  the  wood ;    3.  By  the  It  must  not  be  supposed  that  the  lixivium 

I          peculiar  odour  of  soap,  and  by  handling  it  employed  at  tlie  commencement  of  the  pro* 

\          between  the  fingers.    At  the  stage  of  saponin  cess  sliould  be  constantly  continued,     Tho. 

I          fication,  when  the  paste  is  becoming  s^,  great  art  of  soap-making  consists  in.kpowing 

SB 
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t&  dal0iBiAe,  from  tlM  mppanacB  oi  die     tbnnm  m  »  frwlt  Mtonw  «  ifce  €«w^  i»         4 
potie  aad  other  dnrmntf  •■€•«,  wliat  kind  of    icqinre  mwe  aiUuK  Krengtb^  .    ^. 

lutinom  dMold  be  employed  during  encli         gx  day*  awe  re<|mKd  to  mAg  ewe  "*?!? 
flip  of  the  opention.     The  oreneen  rega-     of  eoep,  in  wMdi  twotoii»orapi««u»art«i- 
lale  their  conduct  in  this  mpect  by  oboerra-    low  may  be  ohployed.     ''**.*^^*' 
ilea  and  esperienee.     The  fens  and  nae  of    mixed,  mm  uani  it  <bo  beynmn^ 
Ihe  bobbles,  the  colour  of  the  pasCe^  the  vo-     wiih  water,  on  aeooimt  of  ^/"^^^ 
lama  of  that  whfarh  it  thrown  out  on  tfao     mh  m  the  Idp*     A  quanti^^ofjej^ 
edges  of  the  TOMei,  the  consiitence  of  the     well  defined,  is  poorsd  on  the 
mattar,  and  iti  disposition  to  swell,  as  well     and  the  nuxture  is  boiled*  a 
fl»  tfM  appearance  of  the  steam,  all  furnish     taring  the  materials  to  facilitate  Ae 
Hiem  with  cnteHm  by  which  to  regulate  ^kdt     tion.     The  fire  being  wWidmwn,  and  a»o 
oondoct.  aqueous  liquid  baring  snbMded,  it  ia  j 

It  sdoNtiBes  happens,  diat  the  pasle^     off,  and  a  new  portion  b  thrown  in. 
Iliangb  apparently  rery  firm,  yet  when  set  in     cond  boil  is  given,  and  so  on  in  wm         ^ 
Hbe  eold  air  to  concrete,  throws  out  mudi     Two  or  three  boils  are  perfoi  mod  erery  tweise 
water,  and  is  resolved  into  small  grains,  pos-     hours,  for  six  days,  constituting  twdve  or 
sessliig  little  consistency.     In  this  case  it  is     d|$bte«n  opentions  in  w"-^      "^        -^  -^ 
evident  that  the  ley  is  in  excess^  and  must  be     lairt,  the  ^na^^  1^^ 
diMfpated  by  heat,  or  predpitated  (separatad)    "Whenever  dte  workman  _ 
by  means  of  marine  sak.     Anqnendy,  also^     nification  perftct,  the  procesi  is  stopped ; 
the  paste  baoaoMaffwny,  and  the  oil  appears     tf^e  soap  is  lifted  out,  and  put  into  die  movldb 
to  saponta  ftom  the  soda.     As  this  in  ge-        When  the  price  of  American  potash  is  sock 
■arid  proceeds  from  the  paste  not  bdng  im-     as  to  admit  of  its  economicBl  tfmplayment,  a 
baed  with  suffldent  wster  to  keep  it  in  com-     ley  of  that  dkali,  rendered  cau^c  by  fino, 
bioation,  it  is  necessary  to  add  to  it  a  portion     is  used  in  the  saponification,  and  die  soft 
of  water,  or  very  weak  lixirium,  to  remedy     potash  soap  which  results  u  converted  mto 
this  defect.  a  hard  soda  soap,  by  double  decompoEition. 

.   The  adulterations  most  commonly  prac-     This  is  efRiCted  ddier  by  the  additioB  of 
tiled  on  soap  are  the  following : —  commoA  salt,  or  rather  of  a  kelp  ley ;  wfaidi 

When  the  soap  is  made,  they  add  to  it  supplies  abundance  of  muriate  of  aodn.  The 
much  water,  which  renders  it  white.  Pre-  muriatic  add  goes  to  the  potadi,  to  con^ 
quently  pulverised  lime^  gypsum,  or  pipe-  tnte  muriate  of  potash,  wfaidi  disautves  ia 
dayr  are  incorporated  with  iL  The  former  the  water,  and  is  drswn  off  in  the  ^icnt  ky ; 
of  these  frauds  is  readily  discovered  by  the  while  the  soda  enters  into  combtnatioB  wiA 
ispU  loss  of  wdght  which  the  soap  suffers  the  fiit,  (or  rather  the  roaTgaric  and  olde 
on  exposure  to  a  dry  tir ;  the  second  can  be  adds,  now  evolved),  and  forms  a  soap^  whodi 
easily  detected  by  solution  in  alcohol,  when  becomes  solid  on  cooling.  A  weak  youah 
the  earthy  matters  fiUl  down.  ley  is  used  at  first,  and  subsequently  «ie  of 

Hard   soap  is  made  in  Scotland  chiefly     greater  strength.     I  have  found  the  polnsh 
vidi  kdp  and  tallow.     That  crude  alkali     ley  of  a  respectable  manuihcturer  to  eoolain 
rarely  oontdns  more  -than  froiti  one  to  five     3000  grains  of  real  potash  per  gaUon;  wbU 
per  cant  of  free  soda,  ntiied  with  some  sul-     is  equivalent  to  1  pound  of  real  alkali  in  2^ 
|Aat»  and  bydrosulphite,  and  neariy  33  per     gallons.     But  I  cannot  offer  this  proportion 
cent'  of  muriate  of  soda.     To  every  ton  of    as  any  standard;  for  practical  sonp-boifii^ 
kelp  broken  into  small  fragments,  about  l-6th     is,  in  regard  to  the  alkaline  strength  of  the 
of  new  slacked  lime  is  added.     The  whole,     leys,  in  a  deplorable  state  of  darkness  and 
after  mixturo,  is  put  into  a  large  tub  called     imperfection.     To  this  cause  chiefly  we  may 
a  cave,  baring  a  perforation  at  the  bottom,     ascribe  the  perpetual  disappointments  which 
shot  with  a  wooden  plug.     Upon  the  mate-     occur  in  the  soap  manufactories. 
rials  water  is  very  slowly  poured.     The  li-         Two  tons  of  tallow,  properly  saponified, 
quid,  after  digestion,  is  suffered  to  run  slowly     should  yield  fully  3  tons  of  marketable  white 
offinloarcservoir  sunk  in  the  ground.  The     soap.     But  I  have  known  a  roanu^ctunr 
first  portion,  or  ley  No.  f.  is  of  course  the     produce  only  2^  tons,  by  some  ridicukms 
strongest,  and  is  reserved  for  the  last  openu     mismanagement  of  his  leys.    Tlie  sulphorct- 
tion  in  soap-boiling.     I  find  that  a  gallon  of     ted  hydrogen  present  in  the  crude  alkalis, 
that  ofavertge  strength  contains  1000  grains     gives  a  blue  stain  to  the  soap.     Thb  may 
of  foal  soda,  so  that  on«  pound  of  the  alkali     be  removed,  in  a  great  measure,  by  contact 
is  present  in  seven  gallons  of  the  ley.     The     of  air.     But  the  proper  plan  would  be^  to 
second  portion  run  off  contains  800  grains     employ  an  alkali  previously  deprived  as  iniich 
in   1  gdlon,  equivalent  to  a  pound  in  8}     as  possible  of  its  sulphur.     Those  who  de> 
gallons.     'ITie  tWrd  contains  600  grains  per     compose  sulphate  of  soda,  with  the  view  of 
gallon,  or  1  pound  in  1 1^  gallons ;  and  the     using  the  alkali  in  saponification,  are  liable 
fourth,  200  grains,  or  1  pound  in  35  gallons,     to  many  acddents  from   the  above  cause. 
The  last  is  not  employed  directly,  but  is     Much  balsam  of  sulphur  is  formed,  at  the 
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expense  of  the  soap ;  and  the  maoufiictured 
article  is  generally  inferior  in  detergent 
powen  to  the  kelp  soap,  which,  however,  is 
bj  no  means  so  free  from  sulphur  as  it  might 
he  made,  prerious  to  its  employment,  hy 
simple  methods,  which  would  at  the  same 
time  double  its  alkaline  powers. 

For  brown  or  yellow  soap,  a  mixture  of 
tallow  and  rosin,  with  a  little  palm  oil  to 
improve  the  colour,  is  used.  Soap  of  the 
coarser  quality  is  made  with  equal  parts  of 
rosin  and  tallow.  But  that  of  better  quah'ty 
requires  3  parts  of  tallow  to  1  of  rosin ;  and 
/or  erery  ton  of  that  mixture,  half  a  hundred 
weight  of  palm  oil.  The  rosin  soaps  con- 
sume  less  alkaline  ley  than  those  with  fat 
alone. 

8(^  Soaps,  The  compounds  of  fats  or  oils 
with  potash  remain  soft,  or  at  least  pasty. 
-Hiree  kinds  of  these  are  known  in  com- 
merce ;— the  soaps  from  npe-seed,  and  other 
oleaginous  seeds,  called  greett  soopti  toilette 
toaps,  made  with  hog's  lard ;  and  common 
soft  soaps,  made  with  fish  oils. 

Manufacturers  of  green  soap  prepare  their 
potash  leys  as  those  of  hard  soap  do  dieir 
soda  leys,  and  conduct  their  operations  in 
the  same  manner  till  the  whole  oils  be  added. 
In  this  state  the  soap  resembles  an  unguent 
It  contains  excess  of  oil,  is  white,  and  hardly 
transparent  Alter  tempering  the  fire,  they 
keep  stirring  continually  the  bottom  of  the 
caldron  with  large  spatulas ;  they  then  add, 
by  degrees,  new  leys  perfectly  caustic,  and 
somewhat  stronger  than  the  first  The  sa- 
turatlon  of  the  oil  is  thus  effected,  and  the 
soap  becomes  transparent  The  fire  is  now 
continued  to  pre  the  soap  a  suitable  con- 
sistency, afWr  which  it  is  run  off  into  barrels 
to  be  offered  for  sale. 

We  percdve  that  this  species  of  soap  dif- 
fers considerably  from  the  soap  manufactur- 
ed with  olive  oil  and  soda.  Here,  from  the 
commencement  of  the  operation  to  its  endy 
the  art  of  the  soap-boiler  consists  in  effecting 
the  combination  of  the  oil  with  tlie  potash, 
without  the  soap  ceasing  to  be  dissolved  in 
the  ley;  whilst  in  the  fabrication  of  hard 
soap  it  is  necessary,  on  the  contrary,  as  we 
have  seen,  to  separate  the  soap  from  the  ley, 
eveA  before  the  saturation  of  the  oil  is  accom- 
plislied. 

Green  soap  contains,  in  general,  more  al- 
kali than  is  absolutely  necessary  fer  the  sa- 
turation of  the  oil.  It  is,  in  fact,  a  perfect 
soap,  dissolved  in  an  alkaline  ley.  It  should 
be  transparent,  of  a  fine  green  colour;  a  shade 
sometimes  produced  by  means  of  indigo. 
According  to  M.  Hiensrd,  it  is  usually  com- 
posed of— 

Potash,  -  9.5 

Fatty  matter,  44.0 

Water,  .  46.5 

1OQ.0 


This  soft  soap  may  be  readily  converted  into 
hard  soap,  as  ¥re  have  stated  above^  by  the 
addition  of  muriate  of  soda. 

ToUette  soapt,  made  with  hog*s  lard  aad 
potash,  should  have  as  small  an  alkaline  ex- 
cess as  possible.  The  finer  soaps  for  the 
toilette  are  made  with  oil  of  sweet  almonds^ 
with  nut  oil,  palm  oil,  suet,  or  butter.  They 
are  either  potash  or  soda  soaps,  as  they  may 
be  preferred  in  the  pasty  or  solid  state. 

The  following  facts  from  Chaptal,  on  soft 
soaps,  are  worthy  of  insertion.     After  intn^ 
ducing  into  the  caldron  the  half  of  the  oil 
intended  for  one  coctioo,  the  fire  is  kindled; 
and  when  the  oil  begins  to  grow  hot,  we  add 
to  it  a  portion  of  the  potash  lixivium.     Hie 
remainder  of  the  oil  and  lixivium  must  after- 
wards be  gradually  poured  in  during  the 
ebullition.     If  too  much  of  the  lixivium  be 
employed  at  the  commencement,  no  comb^ 
nation  takes  place;  if  the  lixivium  be  too 
strong,  the  mixture  separates  into  dots;  and 
if  it  be  too  weak,  the  union  is  incompleta. 
The  quantity  of  the  ley  employed  in  one 
coction  ought  to  be  in  the  proportion  of  4 
parts  to  3  of  oil.     200  parts  of  oil,  and  125 
of  potash,  yield  325  of  soap.  When  the  union 
is  fully  accomplished,  and  the  liquor  render- 
ed transparent,  nothing  remains  but  to  employ 
the  necessary  d^ree  of  coctimi.     The  soap- 
boilers judge  of  the  degree  of  coction  by  the 
consistency,  by  the  colour,  and  ftom  the 
time  which  the  soap  takes  to  coagulate.     In 
order  to  make  the  froth  subside,  and  render 
the  mass  fit  for  barrelling,  one  ton  of  soap 
(ready  made?)  is  emptied  into  the  caldron. 
Hie  soap  held  in  the  greatest  request  is  of  a 
brown  colour,  indining  to  black.     The  mar 
nufacturers  in  Flanden  dye  the  soap»  by 
tiffowing  into  the  caldron,  half  an  hour  be. 
ftyre  the  termination  of  the  boiling  or  coction, 
a  composition  of  one  pound  of  the  sulphate 
c»f  iron,  half  a  pound  of  galls,  and  an  equal 
quantity  of  red  wood ;  and  boUing  it  with 
the  lixivium. 

When  the  soap  is  prepared  with  a  great 
portion  of  warm-  or  yeltow  oilj  a  green  colour 
may  be  imparted  to  it,  by  pouring  into  the 
ley  a  solution  of  indigo.  This  soap  is  rec- 
koned of  the  best  quality :  it  remains  always 
in  the  slate  of  a  si^  paste,  on  which  account 
it  is  placed  in  casks  as  expeditiously  as  poa- 
sible. 

Since  writing  the  above^  I  have  learned 
the  following  particolan  on  the  manufeoture 
of  soft  soap,  from  an  eminent  soap-boiler 
near  Glasgow:— 

273  gallons  of  whale  or  cod  oil,  and  4 
cwt  of  tallow,  are  put  into  the  boiler,  with 
252  gallons  of  potash  ley,  whose  alkaline 
stren^  I  find  to  be  sudi,  that  one  gallon 
contains  6600  grains  of  real  potash.  Heat 
is  applied,  when  the  mixtura  froths  up  very 
much,  but  is  prevented  from  boiling  over  by 
the  wooden  crib  which  suimoi^nts  the  iron 
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Cfttdron.     If  it  liow  subside  into  a  doaghy 
niagma,  the  ley  has  been  too  concentrated. 
It  should  have  a  thin  gluey  aspect.     There 
•re  next  poured  in,  two  measures  of  a  stronger 
ley,  holding  each  21  gallons,  (containing  per 
gallon  87<X)  gr.  real  potash);  and  afWr  a 
little  interval  other  two  measures,  and  so  on 
progresuvely,  till  14  measures  have  been  add- 
ed in  whole.     After  suitable  boiling,  with- 
out agitation,  the  soap  is  formed,  amounting 
in  all  to  100  firkins  of  64  lbs.  each,  from 
the  above  quantity  of  materials.     The  ma- 
nufacture of  soft  soap  is  reckoned  more  dif- 
ficult and  delicate  than  that  of  hard  soap. 
Rape  oil  forms  a  hard  soap,  neither  so  con- 
'sistent  nor  so  white  as  that  A'om  olive  oil. 
-Hempseed   oil    produces  a  green-coloured 
soap,  reducible  to  a  paste  by  a  small  portion 
of  water.     The  soaps  prepared  with  oils  pro- 
cured from  beech-mast  and  clove  July-flowers, 
are  of  a  clammy  gluUnous  consistence,  and 
generally  of  a  greyish  colour.    Nut  oil  forms 
a  soap  not  proper  for  tlie  hands :  it  is  of  a 
yellowish-white  colour,  of  a  moderate  degree 
of  consistence,  unctuous,  gluey,   and  con- 
tinues so  on  exposure  to  the  air.     The  soap 
4>f  which  linseed  oil  forms  a  constituent  part 
is  at  first  white,  but  changes  to  yellow  in  a 
short  time  on  exposure  to  tlie  air.     It  po»> 
sesses  a  strong  odour,  is  unctuous,  clammy, 
glutinous,  does  not  dry  in  the  air,  and  softens 
with  a  very  small  quantity  of  water.      From 
what  has  been  said  we  may  conclude,  that 
the  soaps  prepared  with  desiccative  oils  are 
of  a  very  indifferent  quality,  that  they  remain 
always  glutinous,  and  readily  change  their 
colour  on  exposure  to  the  atmosphere.   Some 
of  the  volatile  oils  are  not  less  susceptible  of 
entering  into  combinations  with  the  alkalis ; 
but  as  such  soaps  are  not  employed  in  the 
arts,  we  shall  not  enter  into  any  description 
of  these  saponaceous  compounds. 
SOAP-STONE.     See  Steatite. 
SODA.     Formerly  called   the   mineral 
alkulit  because  under  the  name  of  natron  h 
is  found  native  in  mineral  seams  or  crusts. 
The  impure  commercial  substance  called  6a- 
riUii  is  the  incinerated  taltola  aoda.     Kelp, 
tite  incinerated  sea^weed,  is  a  still  coarser 
article,  containing  seldom  above  from  S  to  5 
per  cent  of  real  coda,  while  barilla  occasion- 
ally contains  20.    The  crystallized  cartKmate 
of  soda  of  commerce  is  procured  from  the 
decomposition  of  sulphate  of  soda,  or  muriate 
of  soda.     The  former  is  effected  by  caldna- 
tion  with  charcoal  and  chalk  in  a  reverbera- 
tory  furnace ;  the  latter  is  accomplished  by 
the  addition  of  carbonate  of  potash.     To 
procure  pure  soda,  we  must  b<^l  a  solution 
of  the  pure  carbonate  with  half  its  weight  of 
quicklime,  and  after  subsidence  decant  the 
clear  ley,  and  evaporate  in  a  clean  iron  or 
silver  vessel,  till  the  liquid  flows  quietly  like 
oil.     It  must  then  be  poured  out  on  a  po^. 
lished  iron  pbte.     It  concretes  into  a  hard 


white  cake,  which  is  to  be  imiftpdiiitely  bnh 
ken  in  pieces,  and  put  up,  while  stall  bot^  m 
a  phial,  which  must  be  well  corked*  If  the 
carbonate  of  soda  be  somewhat  impuiev  tbc^ 
afWr  the  action  of  lime,  and  subsequeot  cc»> 
centration  of  the  ley,  alcohol  naiiat  be  cfigea^ 
ed  on  it,  which  will  dissolve  oolj  the  cwiatic 
pure  soda,  and  leave  the  hetcrogeneoiis  salts. 
By  distilling  off  the  alcohol  in  a  nlver  eleiB- 
bic,  the  alkali  may  then  be  obtaaocd  pure. 

This  white  solid  substance  is,  howerer,  nett 
absolute  soda,  but  a  hydrate,  consisthig  of 
about  100  soda  -f-  28  water;  or  of  novif 
77  +  23,  in  100.  If  a  piece  of  this  sedb 
be  exposed  to  the  air,  it  softens  and  becomes 
pasty ;  but  it  never  deliquesces  into  an  oily- 
looking  liquid,  as  potash  does.  Tlie  soda  in 
fact  soon  becomes  drier,  because  by  absorp- 
tion of  carbonic  acid  from  the  air  it  pawwi 
into  an  efflorescent  cari>onate.  Soda  is  &- 
tinguishable  from  potash  by  sulphuric  add* 
which  forms  a  very  soluble  salt  with  the  Hog' 
roer,  and  a  sparingly  soluble  one  with  the 
latter;  by  muriate  of  platina  and  tartaric 
idd,  which  occasion  precipitates  with  potaab 
salts,  but  not  with  those  of  soda. 

The  basis  of  soda  is  a  peculiar  naeta^ 
called  todium,  discovered  by  Sir  H.  Davy  in 
1807,  a  few  days  afWr  he  diacorered  potss- 
sinm.  It  may  be  procured  in  exactly  the 
same  manner  as  potassium,  by  dectriod  or 
chemical  decomposition  of  the  pure  hydrsia. 
A  rather  higher  degree  of  heat,  and  greater 
voltaic  power,  are  required  to  decoeipoaB 
soda  than  potash.  Sodium  resembles  pot- 
assium in  many  of  its  characters.  It  is  as 
white  as  silver,  possesses  great  lustre,  and  is 
a  good  conductor  of  electricity.  It  enters 
into  fusion  at  about  200^  Fahr.,  and  rises  la 
vapour  at  a  strong  red  heat.  Its  sp.  gr.  i% 
according  to  MM.  Oay  Luasac  and  Thenard, 
0.972,  at  the  temperatuie  of  59^  Fahr.  In 
the  cold,  it  exercises  scarcely  any  action  os 
dry  air,  or  oxygen.  But  when  heated 
strongly  in  oxygen  or  chlorine,  it  burns  with 
great  brilliancy.  When  thrown  upon  wotc^ 
it  effervesces  violently,  but  does  not  inflame^ 
swims  on  the  surfiice,  gradually  diminishei 
with  great  agitation,  and  renders  the  water  a 
solution  of  soda.  It  acts  upon  most  sub- 
stances in  a  manner  similar  to  potasmmi, 
but  with  less  energy.  It  tarnishes  in  liie 
air,  but  more  slowly ;  and,  like  potassium,  it 
is  best  preserved  undo*  naphtha. 

Sodium  forms  two  distinct  combinations 
vrith  oxygen;— one  is  pure  soda,  whose  hy- 
drate is  above  described;  the  other  is  the 
orange  oxide  of  sodium,  observed,  like  tbe 
preceding  oxide,  first  by  Sir  H.  Davy  ia 
1807,  but  of  which  the  true  nature  was 
pointed  out,  in  1810,  by  MM.  Gay  Lnsoac 
and  Hienatd. 

Pure  soda  may  be  formed  by  bunung 
sodium  in  a  quantity  of  air,  containing  no 
more  osygeo  than  is  suflicieot  fbr  lis  convcr. 
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aba  into  fhis  alkali ;  i.  e,  the  metal  must  be 
In  excess :  a  strong  degree  of  beat  must  be 
employed. 

Pure  soda  is  of  a  grey  colour,  it  is  a  non- 
conductor of  electricity,  of  a  ritreous  fracture, 
and  requires  a  strong  red  heat  for  its  Aision. 
When  a  little  water  is  added  to  it,  there  is  a 
violent  action  between  the  two  bodies ;  the 
soda  becomes  white,  crystalline  in  its  appear- 
ance, and  much  more  fusible  and  volatile. 
It  is  then  the  substance  commonly  called 
pure  or  caustic  iodaj  but  properly  styled  the 
hydrate. 

The  other  oxide  or  peroxide  of  sodium  may 
be  formed  by  burning  sodium  in  oxygen  in 
excess.  It  is  of  a  deep  orange  colour,  very 
ftisible,  and  a  non-conductor  of  electricity. 
When  acted  on  by  water,  it  gives  off  oxygen, 
and  tlie  water  becomes  a  solution  of  soda. 
It  deflagrates  when  strongly  heated  with 
combustible  bodies. 

The  proportions  of  oxygen  in  soda,  and  in 
tiie  orange  peroxide  of  sodium,  are  easily 
kamed  by  the  action  of  sodium  on  water 
and  on  oxygen.  If  a  given  weight  of  so- 
dium, in  a  little  glass  tube,  be  thrown  by 
means  of  the  finger  under  a  graduated  in- 
terted  jar  filled  with  water,  the  quantity  of 
hydrogen  evolved  will  indicate  the  quantity 
of  oxygen  combined  with  the  metal  to  form 
toda ;  and  when  sodium  is  slowly  burned  in 
a  tmy  of  platina,  (lined  with  dry  common 
salt),  in  oxygen  in  great  excess,  from  the 
Quantity  of  oxygen  absorbed  the  composition 
of  the  peroxide  may  be  learned.  From  Sir 
H.  Davy*s  experiments  compared  with  those 
of  MM.  Gay  Luasac  and  Thenard,  it  ap- 
t>ears  that  the  prime  equivalent  of  sodium  is 
3.0,  and  that  of  dry  soda,  or  protoxide  of 
sodium,  4.0 ;  while  the  orange  oxide  or  deut- 
oxide  is  5.0.  The  numbers  given  by  M. 
Thenard  are,  for  the  first,  100  metal  -f- 
33.995  oxygen  ;  and  for  the  second,  100 
metal  -f-  67.990  oxygen. 

Another  oxide  is  described  containing  less 
oxygen  than  soda ;  it  is  therefore  a  sub- 
oxide. When  sodium  is  kept  for  some  time 
in  a  small  quantity  of  moist  air,  or  when 
sodium  in  excess  u  heated  with  hydrate  of 
soda,  a  dark  greyish  substance  is  formed, 
more  inflammable  than  sodium,  and  which 
affords  hydrogen  by  its  action  upon  water. 

Only  one  combination  of  sodium  and  chlo- 
rine is  known.  This  is  the  important  sub- 
•tance  cwnmon  salt.  It  may  be  formed 
directly  by  combustion,  or  by  decomposing 
any  compchind  of  chlorine  by  sodium.  Its 
)>roperties  are  well  known,  and  are  already 
described  under  Acm  (Muriatic).  It  is  a 
non-conductor  of  electricity,  is  fusible  at  a 
strong  red  heat,  is  volatile  at  a  white  heat, 
and  crystallizes  in  cubes.  Sodium  has  a 
much  stronger  attraction  for  chlorine  than 
for  oxygen ;  and  soda,  or  its  hydtate,  is  de. 
composed  by  chlorine,  oxygen  lieing  expel- 


led from  the  first,  and  oxygen  and  water 
Arom  the  second. 

Potassium  has  a  stronger  attraction  for 
dilorine  than  sodium  has ;  and  one  mode  of 
procuring  sodium  easily,  i^  by  heating  tog^ 
ther  to  redness  common  salt  and  potassium*- 
This  chloride  of  sodium,  improperly  called 
the  muriate,  consists  of  4^5  chlorine  4-^0 
sodium.  Tliere  is  no  known  action  between 
sodium  and  hydrogen  or  azote. 

Sodium  combines  readily  with  sulphur 
and  with  phosphorus,  presenting  similar  phe- 
nomena to  those  presented  by  potassium. 
The  sulphurets  and  phosphurets  of  sodium 
agree  in  their  general  properties  witli  those 
of  potassium,  except  that  they  are  rather  less 
inflammable.  They  form,  by  burning,  aci- 
dulous compounds  of  sulphuric  and  phos- 
phoric acid  and  soda. 

Potassium  and  sodium  combine  with  great 
facility,  and  form  peculiar  compounds,  which 
differ  in  their  properties,  according  to  the 
proportions  of  the  constituents.  By  a  small 
quantity  of  sodium,  potassium  is  rendered 
fluid  at  common  temperatures,  and  its  sp.  gr. 
is  considerably  diminished.  Eight  parts  of 
potassium,  and  one  of  sodium,  form  a  com^ 
pound  that  swims  in  naphtha,  and  that  is 
fluid  at  the  common  temperature  of  the  air. 
Three  parts  of  sodium,  and  one  of  potassium, 
make  a  compound  fluid  at  common  tempo* 
ratures.  A  little  potassium  destroys  the 
ductility  of  sodium,  and  renders  it  very 
brittle  and  soft  Since  the  prime  of  potas- 
sium is  to  that  of  sodium  as  5  to  3,  it  will 
require  the  former  quantity  of  potassium  to 
eliminate  the  latter  quantity  of  sodium  from 
the  chloride.  The  attractions  of  potassium* 
for  all  substances  that  have  been  examined* 
are  stronger  than  those  of  sodium. 

Soda  is  the  basis  of  common  salt,  of  plate 
and  crown-glass,  and  of  all  hard  soaps.  Elt* 
menu  of  Chemical  Phil, 

SODA,  (The  Disinfecting  Chloridb 
of).  See  Ldce  (Chlobide  of),  near  the 
end. 

sSODALITEl  Colour  green;  massive» 
and  crystallized  in  rbomboidal  dodecahe* 
drons;  shining;  cleavage  double;  fracture 
small  conchoidal;  translucent;  as  hard  as 
felspar ;  brittle ;  sp.  gr.  2.378 :  it  is  infu- 
sible^  becoming  ouly  dark  grey  before  the 
blowpipe.  Its  constituents  are,  silica  38.5 
or  36^  alumina  27.48  or  32,  lime  2.7  or  0^ 
oxide  of  iron  1  or  0.25,  soda  25.5  or  25» 
muriatic  acid  3  or  6.75 ;  volatile  matter  2. 10 
or  0;  loss  1.7  or  0. — Thonuon  and  Ekeberg, 
'—It  was  discovered  in  West  Greenland  by 
Sir  Charles  Oieseke,  in  a  bed  in  mica  slate. 

SODIUM.     See  Soda. 

SOIL.  The  soil  or  earth  in  which  vege^ 
tables  grow,  varies  considerably  in  its  conv- 
position,  or  in  the  proportions  of  the  different 
earths  of  which  it  consists ;  and  some  plante 
are  found  to  thrive  best  in  one  kind  of  soil) 
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76e- 


SOiL. 


othen  in  anotfaar.  Under  Analym^  the 
methods  of  analyzing  toils,  so  as  to  aacertein 
their  composition,  will  be  found,  as  gi?en  by 
Sir  H.  Sii^y ;  and  we  shall  here  subjoin  the 
mlea  he 'has  laid  down  for  their  improve- 
ment, as  connected  with  the  principles  of 
Which  they  consist. 

In  cases  where  a  barren  soil  is  examined 
with  a  view  to  its  improvement,  it  ought  in 
all  cases,  if  possible,  to  be  compared  with  an 
extremely  fertile  8<h1  in  the  same  neighbour- 
hood, and  in  a  similar  situation :  the  differ- 
ence given  by  their  analyses  would  indicate 
the  methods  of  cultivation,  and  thus  the  pUm 
of  improvement  would  be  founded  upon  ac- 
curate scientific  principles. 

If  the  fertile  soil  contained  a  large  quan- 
tity of  sand,  in  proportion  to  the  barren  soil, 
the  process  of  melioration  would  depend 
simply  upon  a  supply  of  this  substance ;  and 
the  method  would  be  equally  simple  with  re- 
gard to  soils  deficient  in  clay  or  calcareous 
matter. 

In  the  application  of  clay,  sand,  loam, 
marl,  or  chalk,  to  land^  there  are  no  parti- 
cular chemical  principles  to  be  observed ;  but 
when  quicklime  is  used,  great  care  must  be 
taken,  that  it  is  not  obtained  from  the  mag- 
nesian  limestone;  for  in  this  case,  as  has 
been  shown  by  Mr  Tenoant,  it  is  exceedingly 
injurious  to  land.  The  magnesian  limestone 
may  be  distinguisbed  from  the  common  lime- 
stone by  its  greater  hardness,  and  by  the 
length  of  time  that  it  requires  for  its  solution 
in  acids;  and  it  may  be  analyzed  by  the  pro- 
cess for  carbonate  of  lime  and  magnesia. 

When  the  analytical  comparison  indicates 
an  excess  of  vegetable  matter  as  the  cause  of 
sterility,  it  may  be  destroyed  by  much  pul- 
verization  and  exposure  to  air,  by  paring  and 
burning,  or  the  agency  of  lately  made  quick- 
lime. And  the  defect  of  animal  and  v^e- 
table  matter  must  be  supplied  by  animal  or 
vegetable  manure. 

The  general  indications  of  fertility  and 
barrenness,  as  found  by  chemical  experi- 
ments, must  necessarily  diflTer  in  different 
climates,  and  under  different  circumstances. 
The  power  of  soils  to  absorb  moisture^  a 
principle  essential  to  their  productiveness, 
ought  to  be  much  greater  in  warm  and  dry 
countries  than  in  cold  and  moist  ones ;  and 
the  quantity  of  fine  aluminous  earth  they 
contain  should  be  larger.  Soils  likewise  that 
are  situate  on  declivities  ought  to  be  mora 
absorbent  than  those  in  the  same  climate  on 
plains  or  in  valleys. 

The  productiveness  of  soils  must  likewise 
be  influenced  by  the  nature  of  the  sub-soU, 
or  the  earthy  or  stony  strata  on  which  they 
rest ;  and  diis  circumstance  ought  to  be  par- 
ticulariy  attended  to»  in  considering  their 
chemical  nature,  and  the  system  of  improve, 
ment.  Hius  a  sandy  soil  may  owe  its  fcrti- 
Jity  to  the  power  of  the  sul>4oiI  to  retain 


water ;  and  an  absofbent  ^yef  aoil  tufty- 
occasionally  be  prevented  firom  being,  basxctw 
in  a  moist  climate,  by  the  influence  o£  a  sub- 
stratum  of  sand  or  gravel. 

Those  soils  that  are  moat  productive  of 
com,  contain  always  certain  proportioaa  of 
aluminous  or  calcareous  earth  in  a  finely 
divided  state,  and  a  certain  quantity  of  vege- 
table or  animal  matter. 

Ttie  quantity  of  calcareous  earth  is  how- 
ever very  various,  and  in  some  cases  cxoeedU 
lag  smidl.  A  very  fertile  corn  soil  Iroaa 
Ormiston  in  East  Lothian  afforded  in  •  fana« 
dred  parts  only  eleven  parts  of  mild 
reous  earth ;  the  finely  divided  day 
ed  to  forty-five  parts.  It  lost  nine  in 
composed  animal  and  vegetable  mattery 
four  in  water,  and  exhibited  indicatiooa  of  • 
snudl  quantity  of  phosphate  of  lime. 

This  soil  was  of  a  very  fine  texture,  and 
contained  very  few  stones  or  vegetable  fibres. 
It  is  not  unlikely  that  its  fertility  was  m 
some  measure  connected  with  the  phoqifaafee  ; 
for  this  substance  is  found  in  wheals  oats, 
and  barley,  and  may  be  a  part  of  their  food. 

A  sml  from  the  low  lands  of  Somesiafti* 
shire^  celebrated  for  producing  exoeUcBt 
crops  of  wheat  and  beans  without  numoic^  I 
found  to  consist  of  one-ninth  of  sand,  chiefly 
siliceous,  and  eight-ninths  of  calcaicous  maii 
tinged  with  iron,  and  containing  about  fiv* 
parts  in  the  hundred  of  vegetable  matter.  I 
could  not  detect  in  it  any  phosphate  or  aaU 
phate  of  lime ;  so  that  its  fertility  must  have 
depended  principally  upon  ita  power  of  a^ 
tracting  prindples  of  vegetable  nouriafaoBCBk 
from  water  and  the  atmosphere. 

Mr  Tillet,  in  some  experiments  made  on 
the  composition  of  soils  at  Paris,  found,  thai 
a  soil  composed  of  three-eighths  of  day,  two- 
eighths  of  river  sand,  and  thnee-dgbtfas  of 
the  parings  of  limestone  was  very  proper  for 
wheat. 

In  general,  bulbous  roots  require  a  aoil 
much  more  sandy,  and  less  abaortieD^  tfnn 
the  grasses.  A  very  good  potato  soil,  fraai 
Varsel  in  Cornwall,  afforded  seveoHrigbtbs  of 
siliceous  sand ;  and  its  absorbent  power  waa 
■o  small,  that  100  parts  lost  only  %  by  dry- 
mg  at  400^  Fahienhdt. 

Plants  and  trees,  the  roots  of  vriiidi  are 
fibrous  and  hard,  and  capable  of  penetratiiig 
deep  into  the  earth,  will  vegetate  to  advantage 
in  idmost  all  common  soils  that  are  moderately 
dry,  and  do  not  contain  a  very  great  exocas  of 
vegetable  matter. 

The  soil  taken  fVom  a  field  at  Shefiidd- 
place  in  Sussex,  rvmaritsble  for  produd^ 
flourishing  oaks,  was  found  to  consist  of  sis 
parts  of  suid,  and  one  part  of  day  and  findy 
divided  matter.  And  100  parts  of  the  entire 
soil  submitted  to  andysis,  produced  water  B^ 
silex  54s  dumina  08^  csiboBate  of  liow  3; 
4iizide  of  iron  5^  deooropodng  vegetable  mat- 
ter 4>  kwt  a 
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.  Fift>mth«grtiiidifieraDcepftb«caU8Mth«( 
it^ii«iice  tbe  producttveiKM  of  lui^ds  it  is  ob-. 
^os,  ttwt  in  Uie  pi^MOt  state  of  science  no 
certain  system  can  lie  devised  for  tbeir  im- 
Qrovementy  independent  of  experiment ;  but 
tlione  are  few  eaqes,  in  which  the  labour  of 
aiaalytical  tnak  wilJ  not  be  amply  repaid  by 
the  certainty  with  which  they  deoolB  tbe  best 
methods  of  meUoration ;  and  this  will  parti* 
eularly  happen,  when  the  deftct  of  compo- 
sition is  found  in  the  proportions  of  the  pfi> 
^tiv.e  earths. 

In  supplying  animal  or  vegetable  manure, 
9  temporary  food  only  is  provided  for  plants. 
If  hich  is  in  all  cases  exhausted  by  means  of  a 
eertain  number  of  crops ;  but  when  a  soil  is 
tendered  of  tbe  best  possible  constitution  and 
iBXture  with  regard  to  its  earthy  parts,  its 
fertiUty  may  be  considered  as  permanently 
estabJished.  It  becomes  capable  of  attracting 
a  very  large  portion  of  v^etable  nourisb- 
ueot  ftom  the  atmosphere,  and  of  producing 
its  crops  with  comparatively  little  labour  and 
expense* 

SOLANINE.  A  substonce  which  M. 
PeUetier  has  procured  from  the  aolanum 
mammotum  of  the  Antilles ;  and  M*  Des- 
ibsses  from  the  berries  of  the  aolanum  ni- 
gruwh  as  well  as  the  leaves  and  stems  of  the 
fluk^nutra*  To  obtain  it,  ammonia  is  pour- 
ed into  the  filtered  joice  of  the  berries,  when 
a  greyish  matter  falls  down,  which  is  to  be 
ooUected  on  a  filter,  washed,  and  treated 
with  boilii^  alcohoL  The  solanine  precipi- 
tates from  this  by  evaporatioik  It  is  an 
opaque  white  somewhat  pearly-looking  pow- 
der ;  without  smell ;  very  bitter  j  fusible  be- 
.]ow  212^  F.,  decomposable  at  a  higher  tem- 
perature ;  insoluble  in  cold  or  even  hot  water, 
in  ether,  oil  of  oUve%  and  essence  of  turpen- 
.tine  ;  but  very  soluble  in  alcohol.  It  com- 
bnses  with  the  adds,  fonning  uncrystallizable 
salts.  It  is  eminently  emetic  in  its  qualities. 
SOLDERS,  and  SOLDERING.  Sol- 
ders  consist  merely  of  simple  or  mixed  me- 
tals, by  which  alone  metallic  bodies  can  be 
firmly  united  with  each  other.  In  this  re- 
spect it  is  a  general  rul^,  that  the  solder 
•ibould  always  be  easier  of  fusion  than  the 
metal  intended  to  be  soldered  by  it :  next  to 
this,  care  must  also  be  taken  that  the  solder 
be,  as  far  as  is  possible^  of  tbe  same  colour 
'  with  the  metal  that  is  to  be  soldered. 

For  the  simple  solders,  each  of  the  metals 
may  be  used,  according  to  the  nature  of  that 
which  is  to  be  soldered.  For  fine  steel,  cop- 
per, and  brass  work,  gdd  and  silver  may  be 
employed.  In  the  large  way,  however,  iron 
•  is  soldered  with  copper,  and  copper  and  brass 
with  tin. 

The  most  usual  solders  are  the  compound, 
which  are  distinguished  into  two  principal 
classes,  viz.  hard  and  soft  solders.  The  hard 
solders  are  ^ucCile,  will  bear  hammering,  and 
are  commonly  prepared  of  tiie  same  metal  with 


that  which  is  to  be  soldered,  with  the  addition 
of  s^me  other,  by  which  a  greater  degtee^of 
fusibility  is  obtained,  though  the  addition  is 
not  always  required  to  be  'itself  easier  of  fu- 
sion. Under  this  head  tones  the  hard  sol- 
der for  gold,  which  is  prepared  from  gold 
and  silver,  or  gold  and  copper,  or  gold,  silver, 
and  copper.  Tbe  hard  solder  for  silver  Is 
prepared  from  equal  parts  of  silver  and  brass, 
but  made  easier  of  fusion  by  thie  admixture 
•f  a  sixteenth  part  of  zinc.  The  baid  solder 
for  brass  is  obtained  from  brass  mixed  with 
a  nxth,  or  an  eighth,  or  even  one-half  of 
zinc,  which  may  also  be  used  for  tbe  hard 
solder  of  coppers  It  is  sold  in  the  shops  in- 
a  granulated  form,  under  the  name  of  spelter- 
solder.  , 

The  soft  solders  melt  easily,  but  are  partly 
brittle,  and  therefore  cannot  be  hammered.* 
Of  this  kind  are  the  following  mixtures  :•-«« 
Tin  and  lead  in  equal  parts ;  /»f  still  easier 
fusion  is  that  consisting  of  bismuth,  tin,  and 
lead,  equal  parts ;  one  or  two  parts  of  bis- 
mutb,  of  tin  and  lead  each  one  part 

In  the  operation  of  soldering,  the  surfaces 
of  the  metal  intended  to  be  joined  must  be 
made  very  dean,  and  applied  to  each  other. 
It  is  usual  to  secure  them  by  a  ligature  of 
iron  wire^  or  other  similar  contrivance.  The 
solder  is  laid  upon  tbe  joint,  together  with  sal 
ammoniac  or  borax,  or  common  glass,  accord- 
ing to  the  degree  of  beat  intended.  These 
^additions  defend  the  metal  from  oxidati6nt 
Glaziers  use  resin ;  and  pitch  is  someliinei 
employed. 

Tin-foil  applied  between  the  joints  of  fin^ 
brass  work,  first  wetted  with  a  strong  solution 
of  sal  ammoniac,  makes  an  excellent  junc- 
tuie»  cere  being  taken  to  avoid  too  niueh 
bent, 

SOLIDS  AND  SOLIDITY.     See  Calo- 
ric and  Crystallization. 
.    SOLUTION.     See  Salt,  CRYSTALUZiW- 
TICK,  and  Attraction. 

SOMMITE.     Nepheline. 

SOMMERVILLITE.  A  new  mineral 
from  Vesuvius.  Fri  mary  form  a  right  square 
prism;  colour  doll  yellow;  occurring  fin 
cavities  with  crystaUized  black  mica.  It  de- 
crepitates at  the  blowpipe. 

SOOT  of  Wood.  An  analysis  of  it  is 
given  in  the  Ann.  de  Cbim.  et  de  Fhys.  timL 
52,  by  M.  BraoMmot.    Its  constituents  an, 

1.  Ulmin,  like  thit  produced  artS- 
iicially  from  sawdust  and  pot- 
ash, estimated  at  -  30.20 

2«  Animalized  matter,  soluble  in 

water,  insolttble  in  alcohol,       20.00 

3.  Carbonate  of  lime,  vrith  traces 

of  carb.  of  magnesia,        -         I4i.66 

4.  Water,  •  -  12.50 

5.  AcetUeof  lime,  -  5S5 

6.  Sulphate  of  Ume^  -  6.00 
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Btooght  forward  daOl 

7.  Acetate  of  potuhi  •  4.10 

8.  Carbonaceoui  matter  inaoluUe 

in  alkalis*  -  •  aSd 

9.  Ferruginous  phosphate  of  lime^  1.50 
10.  Silica,  •  -  -  0.95 
.11.  Acetate  of  magnesia,  -  0.53 
12.  Peculiar  bitter  principle  (asbo^ 

Kne)  about  -  -        0.50 

la  Chloride  of  potassium,         -         0.36 

14.  Acetate  of  ammonia,  estimated  at  0.20 

15.  Acetate  of  iron,  a  trace.  ' 

100.00 
■  A  watery  infusion  of  soot  is  eminently  an- 
tiseptic according  to  M.  Braconnot,  and  may 
be  used  for  preserving  animal  matters  from 
decomposition. 

SORBATES.  Compounds  of  sorbic  or 
mallic  acid,  with  the  salifiable  bases.  See 
Add  (Sorbic). 

SO  R  Y.  The  ancient  name  of  sulphate  of 
von. 

SPAR  (FLUOR).     SeeFLCJOR. 

SPAR  (PONDEROUS).  See  Heavy 
Spae. 

SPARRY  ANHYDRITE,  oa  CUBE^ 
SPAR.    A  sub-species  of  prismatic  gypsum. 
Colour  white,  passing  into  blue  or  red ;  mas-, 
sive,  in  distinct  concretions^  and  crystallised : 
The  primitive  figure  is  an  oblique  prism,  in 
which  the  angles  are  106^'  &  and  79«  5&  i 
the  secondary  forms  are,  a  rectangular  four« 
aided  prism,  a  broad  six-sided  prism,  an  eight- 
aided  prism,  and  a  broad  rectangular  four- 
sided  prism,  acuminated ;  splendent,  peariy; 
'cleavage  threefold ;  fragments  cubical ;  frac- 
tureconcboidal ;  transparent;  refracts  double; 
-Scratches  calcareous  spar,  but  not  floor ;  brit» 
tie ;  sp.  gr.  2.7  to  3.a    It  does  not  exfoliate 
before  the  blowpipe,  and  melt  like  gypsum, 
■but  becomes  glased  over  with  a  white  friable 
enamel.     Its  constituents  are,  lime  41.75, 
-sulphuric  add   55,  muriate  of  soda    1.— 
Klaproth,     It  is  sometimes  met  with  in  the 
gypsum  of  Nottinghamshire.     It  occurs  in 
•the  salt  mines  of  Halle,  &c 
^     SPARRY  IRON.     Carbonate  of  iron. 
'  Colour  pale  yeUowiUi<^rey ;  massive,   dis- 
wminated,  and  crystallised:    the  primitive 
form  is  a  rhomboid  of  107^ ;  the  following 
•  are  some  of  the  secondary  forms  :-^the  pri- 
•mitive,  perfect,  or  truncated;  a  still  flatter 
rhomboid ;  the  spherical  lenticular  form ;  the 
saddle^haped  lens,  and  the  equiangular  six- 
sided  prism ;   glistening,   or  splendent,   or 
'j^eariy ;  cleavage  threefold;  ftacture  foliated 
or  splislery ;  transhioent  on  the  edges ;  streak 
white  or  yellowish-brown ;  harder  than  cal- 
careous spar ;  easily  frangible ;  sp.  gr.  aS  to 
a9 :    It  blackens  and  becomes  magnetic  be- 
fore the  blowpipe,  but  does  not  melt;   it 
effervesces  with  muriatic  add.    Its  constitu- 
'  ents  are,  oxide  of  iron  57.5,  carbonic  acid  36^ 
oxide  of  manganese  a5^  lime  1.25.— Jno- 
*yiFHh*     It  oocun  in  y^SM  in  granite^  goeiHy 


It 


&c  assodalsd  vritb  ores  of  leftd,  «ob•l^ 
copper,  &e.  But  the  moat  extenai 
tions  of  this  mineral  torn  in  lineatoaie, 
found  in  small  quaotittca  in  Englmd, 
Hind,  and  Ireland ;  in  Saxony,  Bobcmia,  Aew ; 
and  in  large  quantities  in  Flchtelgcbii^  ;  and 
at  Schmalkalden  in  Hcssia.  Itafibrdsan 
well  suited  for  convenion  into  steel. 


SPECIFIC  GRAVITY  is  die  density  of 
the  matter  of  wbidi  any  body  is  caoKpomeA, 
compared  to  the  densi^  of  anoCber  body/ 
assumed  as  the  standard.  TUs  standavd  is 
pure  distilled  water,  at  the  tempcnCme  of 
ei9*  Fahr.  To  determine  the  spedlic  gnvi^ 
of  a  soUd,  we  weigh  it,  first  in  air,  and  thcB 
in  water.  In  the  latter  case  it  loses,  of  its 
wdght,  a  quantity  predaely  equal  to  die 
wdght  of  its  own  bulk  of  water  ;  and  bcBciv 
by  comparing  this  weight  with  its  total  weighl^ 
we  find  its  specific  gravity.  Hie  mle  fhen^ 
fore  is,  Divide  the  total  wdght  by  the  lam  of 
weight  in  water,  the  quotient  is  the 
gravity.  If  it  be  a  liquid  or  a  giis, 
it  in  a  glass  or  other  vessel  of  known 
ty ;  and  dividing  that  wdght  by  the  we^ht  of 
the  same  bulk  of  water,  the  qfuotient  ii^  as 
before,  the  spedfic  gravity.  See  HymoMB- 
TEB,  for  another  modification  of  the  same  ml^ 

To  calculate  the  mean  spedfic  gimTtty  of  a 
compound  from  those  of  its  components^  is  a 
problem  of  perpetual  recurrence  in  cbenoistry* 
It  is  only  by  a  comparison  of  the  result  of 
that  calculation,  with  the  spedfic  gmvity  of 
the  compound  experimentally  ascertained^ 
that  we  can  discover  whether  the  combination 
has  been  accompanied  with  expandon  or  con- 
densation of  volume.  As  several  respectable 
experimental  chemists  (see  Alloy  and  Am- 
monia) seem  defident  in  this  part  of  cbemieal 
computation,  I  shall  here  insert  a  short  ab- 
stract of  a  pi^>er  which  I  published  on  tbii 
subject  in  the  7th  number  of  the  Jomnal  of 
Sdence. 

Hie  spedfic  gravity  of  one  body  is  to  that 
of  another,  as  the  weight  of  the  first,  divided 
by  its  volume,  is  to  the  wdght  of  the  seeon^ 
divided  by  its  volume;  and  the  mean  spedfic 
gravity  of  the  two  is  found,  by  dividing  the 
sum  of  the  weights  by  the  sum  of  the  vo- 
lumes. 

Let  W,  u>,  be  the  two  wdghts ;  V,  e^  the 
two  volumes ;  P,  p,  the  two  spedfic  gravities; 
and  M,  the  calculated  mean  apediic  gravirf. 
Then 

M=:5!L±!?; 

puted  the  second  column  of  Table  II. 

Andv  +  .=:^+!?=J?>t:£ 

^  P         />  Vp 

Hence, 
W+io_W-f-ttr     _(W+tf>)P/i_^ 

V  +  v^yfp±wF'^  Pof  +  pW  "" 
-P/»  •     .  . 


the  formula  by  which  I 


8P£CULUM. 


761: 


SPHCERULITE.* 


.  "WImd  tbs  dUStnaos  in  deiuity  bctweien 
tfas  two  Bubitaiicea  is  coaadenbis,  as  it  is 
with  sulpiiiiric  add  and  water,  the  anots  pio* 
duced  by  assuming  the  arithmetical  mean  for 
Ae  true  oalculated  mean  are  excesBive.  If 
we  take  copper  and  tin,  however,  then  the 

a89  +  7.29 


W 


Uf 


arithmetical  mean^ 


2 


=:  8  09, 


differs  yetj  little  from  8.01,  the  accurate 
mean  density. 

"■  By  a  similar  error,  I  suppose,  in  calculat- 
ing tile  mean  density  of  liquid  muriatic  acid 
in  its  difTerent  stages  of  dilution,  the  cele- 
brated Kirwan  has  long  misled  the  chemical 
world.  He  asserted  ^at  the  mean  specific 
gravity  of  the  components  being  also  the  ex- 
perimental mean,  tiiere  is  no  condensation  of 
Tolume^  as  with  other  acid  dilutions.  And 
the  illustrious  Berthollet  has  even  assigned  a 
tause  for  this  supposititious  fact.  1  find,  on 
the  contrary,  that  50  of  acid,  sp.  gr.  1. 1920^ 
with  50  of  water,  give  out  heat,  and  have 
their  volume  diminished  in  the  ratio  of  100 
to  99.28.  The  experimental  specific  grarity 
is  1.0054;  that,  by  the  exact  rule,  is  only 
1.0675. 

■  The  preceding  formula  may  be  presented 
under  a  still  more  convenient  form.  Pp 
being  the  specific  gravities  of  the  two  com- 

ponentsy  we  have  P  =s  --7  and  0  =:  - : 

V  V 


whence  V  s=:-=-,  t>  ^  — 
F  p 

In  the  condition  when  W  =s  iv  a=  I,  we 

have  then  V  sss  -  ~,  »  =5  — ,  and,  conse- 

*^  P 

quently,  therefore, 

JL_  1 

'^'VP 


1+1 

—    p+p. 

This  value  being  constantly  negative,  proves' 
that  the  true  value  of  the  specific  gravity 

o^  the  mixture^  represented  by   --rr^ — » 

V  -f-  t; 

is    always   smaller   than   the    false    valuer 

Example  of  the  last  formula : 

Gold  and  sUver,  *-M_-ti2:^-- 14.9  — 

fiilse  or  arithmetical  mean  specific  gravityj 
(P— P)*_  (19.3>«10.5)*_(&8)*_  77.44 

F+^i  29.8        ""  29.8  ■"  29.8 

=  2.6  =  2A;  and  A  ss  1.3,  which  being 
subtracted  from  the  arithmetical  mean  14.^ 
leaves  13.6  for  the  true  mean  sp.  gr.  as  dl- 

rectiv  obtained  by  the  fonnula  ^^    \ — ^-^ 
'  '  Pw  +  pW, 


Sulphuric  jidd  TaNef  9hiwing  the  erroneom  BemUt  of  the  C(mmon  Method, 

See  Alloy. 


Aciilin 

loa 

Arithm. 

mean 
density. 

Expert, 
mental 
deiuity. 

▼olume. 

Add  in 

loa 

Iff 

Expert, 
mental 
density. 

Apparent 
volume 

100 
90 
80 
70 
60 

1.7632 
1.6784 
1.5936 
1.5068 

1.8460 
1.8115 
1.7120 
15975 
1.4860 

100 
97.3 
96.0 
99.7 

101.5 

50 
40 
30 
20 
10 

1.4240 
1.3392 
12544 
1.1696 
1.0648 

1.3884 
1.2999 
1.2184 
1.1410 
1.0680 

102.6 

ioao2 

102  95 
102.50 
101.57 

SPECULAR  IRON  ORE.  See  Oiss 
OF  Ibon. 

SPECULUM.  Mr  Edwards  affirms,  that 
difierent  kinds  of  copper  require  dififerent 
doses  of  tin  to  produce  the  most  perfect  white- 
ness. If  the  dose  of  tin  be  too  small,  which 
•IS  the  fault  most  easily  remedied,  the  ooropo- 
•sition  will  be  yellowish ;  if  it  be  too  great, 
the  composition  will  be  of  a  grey-blue  colour, 
and  dull  appearance.  He  casts  the  speculum 
in  sand,  with  the  face  downwards ;  takes  it 
out  while  red-hot,  and  places  it  in  hot  wood 
ashes  to  cool:  without  which  precaution  it 
would  break  in  cooling. 

Mr  Littie  recommends  the  following  pro- 
portions:—32  parts  of  the  best  bar  copper, 
.4  parts  of  the  brass  of  pin-wire,  16^  of  tin, 
and  l\  of  arsenic.   Silver  he  rejects^  as  it  has 


an  extraordinary  effect  of  softening  the  me* 
tal;  and  he  found  that  the  compound  was 
not  susceptible  of  the  highest  polish,  unless 
it  was  extremely  brittle.  He  first  melts  the 
brsss,  and  adds  to  it  about  an  equal  weight 
of  tin.  When  this  mixture  is  cold,  he  puts 
it  into  the  copper,  previously  fused  with  black 
flux,  adds  next  the  remainder  of  the  tin,  and 
lastiy  the  arsenic.  This  mixture  he  granu- 
lates, by  pouring  into  cold  water,  as  Mr 
Edwards  did,  and  fuses  it  a  second  time  for 
casting. 

SPERMACETL     See  Fat. 
SPHENE.     Prismatic  titanium  oreu 
SPHGSRULITE.     Colours  brown  and 
grey ;  in  imbedded  roundish  balls  and  grains ; 
glimmering;  fracture  even,   qilintery;  op- 
aque ;  scratches  quartz  wjth  difficulty ;  bril- 


SPIMELLANE. 


TM*         SPIRIT  (PTBO-AtXlTlC). 


tic ;  sp-  gf*  ^^  ^  ^-^  •  '>fi*i^y  infimble.  It 
occufB  in  pewlstone  and  pitdntone  porpby- 
liei,  in  the  vicimtj  of  GUMhiitte  netf  Scbcm- 
mts ;  and  in  the  pitcfastone  of  Metaten. 

SFHRAGIDE.     See  Lemniak  Eabib. 

SPINEL.  A  sub-species  of  octofaedral 
corundum.  Colour  red;  occurs  in  grains, 
more  frequently  crystallized,  in  a  perfect 
octohedroD,  which  is  the  fundaments!  6gure ; 
in  a  tetrahedron,  perfect  or  modified ;  a  thick 
equiangular  six-sided  table;  a  very  oblique 
four-sided  table;  a  rhomboidal  dodecahe- 
dron ;  a  rectangular  four-sided  prism :  splen- 
dent and  vitreous;  cleavage  fourfold;  frac- 
ture flat  conchoidal ;  translucent  to  tran^M^ 
rent ;  refracts  single ;  scratches  topas,  but  is 
scratched  by  sapphire;  brittle;  sp.  gr.  3^5 
to  3.8 ;  fusible  with  bcntiz.  Its  constituents 
are,  alumina  82.47,  magnesia  8.78^  chromic 
add  6.18,  loss  2.57. — Vauquelin.  It  is 
found  in  the  gneiss  district  of  Acker  in  Su^ 
dermannland,  in  a  piimitiYe  limestone;  in 
the  kingdom  of  F^gu,  and  in  Ceylon.  It 
is  used  as  a  precious  stone.  When  it  wdghs 
four  carats  (about  16  grains),  it  is  considered 
of  equal  value  with  a  diamond  of  half  the 
wdf^t  —Jameson* 

SPINELLANE.  Colour  plum-blue :  it 
occurs  crystallised  in  riiomboids  of  1 17^  23f, 
and  629  37';  and  in  six-sided  prisms  acumi- 
nated with  Uiree  planes.    It  scratches  glass. 


It  is  Ibond  on  li»  aboras  of  tibe  lake  of 
in  a  rock  composed  of  glaasy  ftimparf 
bemlilfndf,  &c.    It  is  saki  to  be  a  vi 
Haiiyna. 

SPINTHERE.  Colour 
in  amall  obhqne  dcmUe  fom  skWri 
it  does  not  acratdi  glaas.  It  occuxs  in  the 
department  of  leere  in  Prance,  incnistiiig 
calcareous  ^lar  crystals.  It  is  believed  to  be 
a  variety  of  q>bene. 

SPIRIT  OF  MINDERERU&  A  ae- 
lution  of  acetate  of  ammonia,  made  hj  add- 
ing concrete  carbonate  of  ammonia  to  dis- 
tilled vin^ar  till  saturation  takes  place. 

SPIRIT  OF  NITRE.     See  Acu>  (Ns- 

TBIC). 

SPIRIT  (PYRO- ACETIC).  Sosnediy 
acetates  exposed  to  beat  in  a  retort  yield  a 
quanti^  of  a  li|^t  volatile  siHrit»<  to  vriadb 
tiie  above  name  is  given.  When  the  aoeute 
is  easily  decomposed  by  the  ftrey  it  afibtds 
much  acid  and  little  ^irit ;  aodv  on  tbe  a»- 
traiy,  it  yields  mudi  spirit  and  litde  aci^ 
when  a  strong  beat  is  required  for  its  ds- 
composition.  Tlie  acetates  of  nickel,  cogipcs't 
&C.  are  in  the  first  condition ;  those  o^  barft% 
p5>fmhj  soda,  strontia,  lime,  mangpnes^  and 
zinc,  are  in  the  second.  The  foUovrtag  tsUa 
of  M.  Cbenevix,  exhibits  the  products  of  the 
distillation  of  various  acetates. 


Table  of  P^ro-Jcetie  S^rii, 


Loss  by  the  fire. 


Stake  of  the 

tMie(a). 


Betid.  Ctttxm. 


Sp.gr. 
Ratio  of  add. 
Pjrra  wgix. 


li  r  Cazti.  acid  (ft). 
J  J  <  Garb,  hydro. 


AoeUteof 
SUver. 


0.36 


metallic. 


0.05 

1.0656 
107.309 
0 

8 
12 
20 


Acetate  of 
MickeL 


0.61 


metallic. 


0.14 

1.0398 
44.731 
almost  0 

35 
60 
95 


Acetate  of 
Copper. 


0.64 


metallic. 


0.055 

1.0556 
84.863 
0.17 

10 
34 
44 


Acetate  of 
Le«L 


0.37 


metallic 


0.04 

0.9407 

a045 

0.555 

20 

8 
28 


of  Iron. 


0.49 


bl.  oxide. 


0.02 

1.011 
27.236 
a24 

18 
34 
52 


Acetate  ct 
Zinc 


wh.  oxide. 


0.05 

0.8452 

2.258 

0.695 

16 
28 
44 


0.555 


far.  oxide 


0.035 

0.8264 

1.285 

a94 

20 
32 

52 


We  see,  that  of  all  the  acetates,  that  of 
silver  gives  the  most  concentrated  and  purest 
acetic  add,  since  it  contains  no  pjrro-aoetic 
apirit. 

This  spirit  is  limpid  and  colourless.  Its 
taste  is  at  first  acrid  and  burning,  then  cool- 
ing, and  in  some  measure  urinous.  Its 
odour  approaches  that  of  peppermint  mingled 
vrith  bitter  almonds.  Its  sp.  gr.  is  0.7864. 
It  bums  vrith  a  flame  interiorly  blue,  but 
vrhite  on  the  outside.  It  boils  at  138.2  F. 
and  docs  not  congeal  at  5^  F.     With  water 


it  combines  in  every  proportion,  as  vrcO  as 
with  alcohol,  and  most  of  the  essential  ofls^ 
It  dissolves  but  a  little  of  sulphur  tad  pboa- 
phorus»  but  camphor  in  very  large  qusBiily. 
Caustic  potash  has  very  little  actioaoo  the 


(a)  Alrnoet  all  the  metallic  reridumnt  are  mprophe. 
ric,  or  nucepcible  of  inOaming  by  contact  of  air,  alter 
complete  reArlgeration  ;  which  M.  CbcocHx  ateribet 
to  the  andy  divided  chareoslnUed  with  the  metallic 
part 

(6)  The  quantitlsi  narked  here  are  ejLpretw!ii  In 
volamea 


SPONGE.'  76r  SJAfiCH.-^ 

pyroacelic  spirit.    Sulphuric  and  nltriG  acids  tfaej  are  to  be  put  into  aqueous  sulphuioua- 

dcGompose  it ;  but  muriatic  acid  forms  with  acid,  sp.  gr.  LQ3^  and  left  for  eight  days, 

this  body  a  compound,  which  is  not  add,  and  during  which  time  they  are  to  be  occasionally 

in  which  we  can  demonstrate  the  presence  of  squeezed. 

the  muriatic  acid  only  by  igneous  decompo-         When  well  blanched,  they  are  to  be  wash- 

tition.     Hence  we  perceive  that  pjrroacetic  ed  in  much  water,  moistened  with  orange. 

^rit  is  a  peculiar  substance^  which  resembles  Hower  water,  and  slowly  dried  in  the  air. 

the  ethers^  aloohc^  and  volatile  oils.      To  Vogei,  Joum.  de  JPkarm.  x.  499. 
obtain  it  cheaply,  we  may  employ  the  acetate         STALACTITES.     Iliese  are  found  sus- 

of  lead  of  commerce.     After  having  distilled  pended  from  vaults,  being  formed  by  the 

this  salt  in  an  earthen  retort,  and  collected  oosing  of  water  charged  with  calcareous  par- 

the  liquid  products  in  a  globe^  communicat-  tides,  and  gradually  evaporating,    leaving 

ing  by  a  tube  with  a  flask  surrounded  with  those  particles  bdiind. 
ice,  we  saturate  these  products  with  a  solution         STANN  AN£.     Pkotochloride  of  tin* 
of  potash  or  soda,  and  then  separate  the  spirit         ST  A  RCH.    This  is  a  white,  insipid,  com* 

by  means  of  a  second  distillation,  taking  care  bustible  substance^  insoluble  in  cold  water 

to  use  a  regulated  heat.     As  it  usually  car-  but  forming  a  jelly  with  boiling  water.     It 

ries  over  with  it  a  little  water,  it  is  proper  to  exists  chiefly  in  the  white  and  brittle  parts 

rectify  it  fiom  dry  muriate  of  lime — Jnn,  de  of  vegetables,  particularly  in  tuberose  roots, 

Chimie^  torn.  69.     See  Pyroxilic  Spirit.  and  the  seeds  of  the  gramineous  plants.     It 

SPIRIT  OF  SAL  AMMONIAC.  Wa-  may  be  extracted  by  pounding  these  parte, 

ter  of  ammonia.  and  agitating  them  in  cold  water  \  when  the 

SPIRIT  (VOLATILE)  OF  SAL  AM-  p«renchyma,  or  fibrous  parts,  wUl  ftrst  suN. 

MONIAC.     See  Aumonia.  side,  and  these  being  removed,  a  fine  white 

SPIRIT  OF  SALT.     See  Acid  (Mu-  powder,  diffused  through  the  water,  will  grs^ 

EiATic).  dually  subside,  which  is  the  starch.     Or  the 

'    SPIRIT  OF  WINE.     Alcohol.  pounded  or  grated  substance,  as  the  roots  of 

SPODUMENE.  Prismatic  triphane  spar,  arum,  potatoes,  acorns,  or  horse-chestnuts; 
•^— J/idAs.  Colour  between  greenish-white  and  for  instance,  may  be  put  into  a  hair-sieve 
mountain-grey ;  massive,  disseminated  and  in  and  the  starch  washed  through  with  cold 
large  granular  concretions;  glistening,  pear-  water,  leaving  the  grosser  matters  behind. 
ly ;  cleavage  threefold ;  fVacture  finegrained  Farinaceous  seeds  may  be  ground  and  treat- 
uneven  ;  translucent ;  as  haid  as  felspar ;  ed  in  a  similar  manner.  Oily  seeds  require 
most  easily  fhuigible ;  sp.  gr.  S.0  to  8. 1.  to  have  the  oil  expressed  from  them  befbr« 
Before  the  blowpipe,  it  fint  separates  into  the  farina  is  extrai^ed. 
small  gold-yellow  coloured  foHa ;  and  if  the  In  starch-roaldng,  the  farina  ferments  and 
heat  is  continued,  they  melt  into  a  greenisli-  becomes  sour,  but  the  starch  that  does  not 
white  coloured  glass.  Its  constituents  are,  undergo  fermentation  is  rendered  the  mor6 
silica  64i.4v  alumina  24.4,  lime  3;  potash  5,  pure  by  this  process.  Some  water  already 
oxide  of  iron  2,2n^VauqueHn,  It  was  first  soured  is  mixed  with  the  flour  and  water, 
discovered  in  the  island  of  Uton  in  Suder-  which  regulates  the  fermentation,  and  pre« 
mannland,  where  it  is  associated  with  red  vents  the  mixture  from  becoming  putrid ; 
felspar  and  quartz.  It  has  been  lately  found  and  in  this  state  it  is  left  atx>ut  ten  days 
in  the  vicinity  of  Dublin  by  Dr  Taylor.  It  in  summer,  and  fifteen  in  winter,  before 
contains  the  new  alkali  UUda,  by  some  recent  the  scum  is  removed  and  the  water  poured 
analyses.  off.     The  starch  is  then  washed  out  from  the 

SPONGE.     A  soft,  light,  very  porous,  bran,  and  dried,  first  in  the  open  air,  and 

and  compressible  substance,  readily  imbibing  finally  in  an  oven. 

water,  and  distending  thereby.     It  is  found         With  boiling  water,  starch  forms  a  nearly 

adhering  to  rocks,  particularly  in  the  Medi-  transparent  mucilage,   emitting  a  peculiar 

terraoean  Sea,  about  the  islands  of  the  Archi-  smell,  neither  disagreeable  nor  very  power- 

pekgo.     It  was  formerly  supposed  to  be  a  fuL     This  mucilage  may  be  dried,  and  will 

v^etable  production,   but  is   now   classed  then  be  semitransparent,  and  much  reseow 

among  the  zoophytes ;  and  analysed,  it  yields  bling  gum,  all  Ihe  products  of  which  it  af. 

the  same  principles  with  animal  substances  fords.     When   dissolved,  it  is  much  more 

ID  general.  easily  digested  and  nutritious  than  before  it 

Sponges  may  be  bleached  by  soaldog  and  has  undergone  this  operation, 
squeezing  them  first  in  cold  water  for  several  When  starch  is  triturated  with  iodine,  it 
days,  and  then  in  warm  water.  If  they  be  forms  combinations  of  various  colours: 
now  washed  with  cold  water,  slightly  addu-  When  the  proportion  of  iodine  is  small 
lated  with  sulphuric  acid,  starch  will  detect  these  compounds  are  violet ;  when  some- 
iodine  in  the  h'quid  which  contains  hydrio-  what  greater,  blue;  and  when  still  greater, 
date  of  potash.     The  calcareoua  matter  con-  black. 

tained  in  the  sponge  is  best  removed  by  a  di-        We  can  always  obtain  the  finest  blue  co- 
lute  muriatic  acid<     After  washing  in  water,  lour,  by  treating  starch  with  an  excess  of 
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iodiae,  dmolnBg  the  compound  in  liqiiid 
potash.  Mid  pradpitsdng  bj  a  Tcgctableadd. 
The  ooloor  it  manifwtgd  even  at  the  instant 
of  pouring  water  of  iodine  into  a  liquid 
wiudi  contains  starch  diffused  through  it. 
Hence  iodine  becomes  an  excellent  test  for 
detecting  starch;  and  starch  for  detecting 
iodine.  Besides  these  combinations,  it  ap* 
pears  that  there  u  another  of  a  white  colour, 
in  which  the  iodine  exists  in  Tcry  small 
quantity.  All  of  them  possess  peculiar  pro- 
perties, which  have  been  described  by  MM. 
Colin  and  Gauthier  Claubry,  {JnnaL  de 
Ckimie,  xc.  92.)  and  M.  Pelletier,  {Bulletin 
de  Pkarmade,  tL  289.) 

Starch  is  not  affected  in  the  cold,  by  water, 
alcohol,  or  ether.  But  it  disMWes  readily 
when  triturated  with  potash  water.  When 
to  the  solution  of  starch  in  hot  water,  we 
pour  in  a  boiling-hot  solution  of  sub-nitrate 
of  lead,  and  leave  the  mixtme  for  a  oon- 
siderable  time  at  rest,  a  precipitate  falls, 
which  is  found  after  washing  and  drying  to 
insist  dt  100  starch  and  38.89  protoxide 
of  lead.— Bcnrffiia,  Ann.  de  Ckirnkf  xct. 
82. 

Starch  is  convertible  into  sugar  by  dilute 
fulphuric  acid.  To  produce  this  change^ 
we  must  take  2000  parts  of  sUrch,  diffuse 
them  in  8000  parts  of  water,  containing  40 
parts  <^  strong  oil  of  vitriol ;  and  boil  the 
mixture  for  36  hours  in  a  basin  of  silver  or 
lead,  taking  care  to  stir  the  materials  with  a 
wooden  rod,  during  the  first  hour  of  ebulli- 
tion. At  the  end  of  this  time,  the  mass 
having  become  liquid,  does  not  require  to 
he  stirred,  except  at  intervals.  In  propor- 
lion  as  the  water  evaporates,  it  ought  to  be 
replaced.  When  the  liquor  has  been  suffi* 
pently  boiled,  we  must  add  to  it  chalk  and 
jinimal  charcoal,  then  clarify  with  white  of 
egg,  filter  the  mixture  through  a  flock  of 
wool,  and  then  concentrate  the  liquid  till  it 
has  acquired  a  syrupy  consistence.  After 
this,  the  basin  must  be  removed  from  the 
£re^  in  order  that,  by  cooling,  the  greater 
part  of  the  sulphate  of  lime  may  fall  down. 
The  pure  syrup  is  now  to  be  decanted  ofl^ 
and  evaporated  to  the  proper  dryness.  The 
•greater  the  quantity  of  acid  employed,  the 
Jess  ebullition  is  required  to  convert  the 
starch  into  the  saccharine  matter..— KlofcA 
jinn,  de  Chimie,  Ixxxii.  148. 

The  discovery  of  the  preceding  process  is 
ilue  to  M.  Kirchoff  of  St  Petersburgh. 
M»  Tb.  de  Saussure  has  ascertained,  that  no 
gas  is  given  off*  during  the  operation ;  that 
the  access  of  air  is  not  essential  to  it ;  that 
the  sulphuric  acid  is  not  decomposed ;  and 
that  100  parts  of  starch  produce  110.14  of 

BUgSJ-. 

The  presence  of  sulphuric  acid  is  not  in- 
dispensable for  obtaining  sugar  from  starch. 
It  may  also  be  obtained  by  leaving  the  starch 
to  itself,  either  with  or  without  contact  of 


>  w  by  mixing  it  with  dried  gjiitew 
tlie  same  time,  indeed,  several  <idser  ] 
are  formed.  M.  Hi.  de  Saiiaaure's 
ing  observations  on  thb  subject  are  pnHiiK' 
ed  in  the  Annalee  de  Ckhmie  ei  de  Ph^m^m, 
xL  379.  The  sta^cl^  brought  to  the  itatm 
of  a  pulpy  mass,  must  be  left  to  afioiitaiaow 
decomposition.  The  products  are,  lat,  a 
sugar,  like  the  sugar  of  grapes  ;  2d,  Gaa^ 
like  that  from  roasted  starch  ;  3d,  Anaydia^ 
a  body  whose  properties  are  intcnnediaie  h^ 
tween  those  of  starch  and  gtnn  ;  asid,  4tb^ 
an  insolubie  substance^  like  li^ncoiis  asaft- 
ter.  In  these  experiments,  the 
which  he  <iperated  vras  made  by 
12  parts  of  boiling  water  on  1  <if 
When  it  vras  fermented  by  dry  ghstas,  he 


HVithoat 
of  air. 

Sugar,  47.4 

Gum,  2aO 

Amydinc^  &9 

Amylaceous  lignin,  IOlS 
Iiignin  with  charcoal,  a  trace 
Undeoomposed  stardi,      4kO 

Potato  starch  differs  perceptibly  from  fim, 
of  wheat:  it  is  more  ftiable  ;  is  cooposedsf 
ovoid  grains  about  twice  the  sise  of  the 
other ;  it  requires  a  lower  temperature  to  r^ 
duce  it  into  a  jelly  with  vratn- ;  it  is 
in  more  dilute  alkaline  leys,  and  is  les 
ly  decomposed  by  qwntaneous  fe 
It  also  contains  more  bygrometric  water;  lor 
100  parts  of  it  dried  at  the  tempcntare  of 
boiling  water  lost  16.41  parts  of 
whilst  wheat  starch  lost  by  the 
only  13.66.  They  had  both  been 
ly  exposed  for  some  time  to  a  dry 
phere,  at  the  heat  of  72.5^  Fahr. 

Starch  is  composed  of— 

Gay  Liiswc  and  TbcaanL  Bcraettns. 

Carison,         43.55  4a461 

Oxygen,        49.68  49.455 

Hydrogen,      a77  7.064 


lOaOO      100.000         99.60 
Aao«c»    0l4 


ioaoo 

Wheat  starch,  as  found  in  conmwroc^  eo»> 
sists  by  my  analysis,  of  carbosi  38.55^  oxy- 
gen 55.32,  hydrogen  6.13,  in  100  parts. 

Dr  Front,  in  his  excellent  pspcr  on  Ali- 
roentery  Substances,  {PkU.  Trans.  1829; 
Part  2.)  considers  starch  as  sugar  partly  c»> 
ganised,  for  it  has  the  same  essential  coss- 
position,  but  diffiersin  containing  minute  peiw 
tions  of  other  matters,  which,  we  may  pfa> 
sums,  prevent  its  constituent  particles  froas 
arranging  themselves  in  the  crystalline  tatm, 
and  thus  cause  it  to  assume  totally  diffcrcm 
sensible  properties.  Wheat  starrii  is,  aays 
he^  the  most  perfect  form  of  the  amylaoeoas 
principle. .    <*  Iliis  has  been  aoalyacd  by  di^ 
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'ferent 'chemists  with  very  ditferent  fesulU  fime  d.84,  oxide  of  iron  1%  oxide  Of  mui- 
MM.  Gay  Lusttc  and  Thenard  state,  that  ganese  1,  loss  5.18.^  rau^tf/fn.    Thegreog- 
tbey  found  it  to  contain  as  much  as  43w55  per  nostic  rdations  o£  this  mineral  are  nearly  the 
cent  of  carbon  ;  while  Dr  Ure  informs  us,  same  with  those  of  precious  garnet     It  oc- 
thafe  he  found  only  38.55  per  cent     The  curs  in  clay-siate  near  Ardonald,  between 
following  obscnrations  will  sufficiently  ex-  Keith  and  Huntly,  in  Aberdeenshire,  and  in 
plain  these  differences.     A  very  fine  sped-  a  micaceous  rock  at  the  Glenmalur  lead-mincfe 
men  of  wheat  stardi,  which  had  been  pre-  in  the  county  of  Wicklow,  Ireland, 
pared  exprewly  at  my  desire,  without  the  ad-         STAVESACRE  SEED&     These  con- 
dition of  the  orfouring  matter  commonly  tain,  according  to  M.  Holschlaeger  of  Bre^ 
'  added  to  the  starch  of  commerce,  and  which  men,  a  new  acid,  which  is  white,  crystalline^ 
.had  been  kept  in  a  dry  situation  for  many  and  volatile,  at  a  low  temperature ;  a  smaH 
months,  was  found  in  the  ordinary  columnar  quantity  of  it  excites  violent  vomiting, 
form  in  which  it  usually  occurs,  (abstracting         STEAM.     See  Caloric  and  Vafoitb. 
foreign  matters),  to  consist  of—  STEARINS.     See  Fat. 

Carbon,  S7.5  STEATITE,   oa  SOAPSTONE.      A 

Water,  6S.5"  sub-species  of  rhomboidal  mica.  Colour  grey- 

The  same  starch,  after  being  well  dried  at  ish,  or  greenish- white ;  massive,  disseminated, 

,a  heat  of  nearly  212^,  afforded  carbon  42.8,  imitative,  and  in  the  following' supposititious 

water  57.2 ;  and  on  being /i<rM«r  submitted  figures :  an  equiangular  six-sided  prism,  aa 

to  a  temperature  between  9000  and  350^  for  acute  double  six-sided  pyramid,  and  a  rhom- 

six  hours  longer,  it  gave  on  analysis,  carbon  l)oid ;  the  first  two  are  on  rock  crystal,  the 

•44,  water  56.     It  had  now  acquired  a  slight  last  on  calcareous  spar :  dull ;  fracture  coarse 

.yellow  colour,  and  seemed  to  have  suiK^ed  splintery ;  translucent  on  the  edges ;  streak 

some  change  of  its  properties.— />r  Prom,  11/  shining;  writes  but  feebly;  soft;  very  secs> 

supra.     See  ALIMENTARY  SuJKTANCBS.  tile  ;   rather  diflScultly  frangible ;  does  not 

When  starch  is  roasted  at  a  moderate  heat  adhere  to  the  tongue ;  feels  very  greasy ;  q>. 

in  an  oven,  it  is  converted  into  a  species  of  gr.  2.4  to  2.6 ;  inftisible.     Its  constituenta 

gum,  employed  by  the  calico  printers.     Po-  are,  silica  44,  magnesia  44,  alumina  2,  iron 

tato  starch  answers  best  for  this  purpose.  7.3,  manganese  1.5,  chrome  2 ;  trace  of  lime 

See  Beitish  Gum.  and  muriatic  acid.     It  occurs  frequently  in 

M.  Caventou  considers  starch  paste  made  small  contemporaneous  veins  that  traverse 

with  hot  water  as  containing  the  same  thing  serpentine  in  all  directions,  at  Portsoy  and 

as  the  amy  dine  of  M.  de  Saussure.  Shetland,  in  the  limestone  of  Icolmkill,  ia 

Salop^  according  to  him,  is  composed  of  the  serpentine  of  Cornwall,  and  in  Anglesey. 

a  little  gum,  very  little  starch,  and  much  It  b  used  in  the  manufacture  of  porcelain, 

bassofine,  and  for  taking  greasy  spots  out  of  silk  and 

Sago  is  an  uniform  substance,  soluble  in  woollen  stu% :  it  is  also  employed  in  polish^ 

cold  water^  more  so  in  hot,  precipitated  blue  ing  gypsum,  serpentine,  and  marble ;  when 

by  iodine,  and  differing  from  common^^rtarch  pounded  and  slightly  burned,  it  forms  the 

in  the  first  property.  tMsis  of  certain  cosmetics ;  it  writes  readily 

Tafnoca  seems  to  be  identical  in  compoai-  on  glass.     Humboldt  assurea  us,  that  the 

tion  with  sago.  Otomacks,  a  savage  race  on  the  banks  of  the 

Arrow  root  is  nearly  pure  starch,  agreeing  Orinoco,  live  for  nearly  three  months  of  the 

in  all  respects  with  the  starch  of  the  potato^  year  principally  on  a  kind  of  potter's  day'; 

which  may  be  converted  by  heat  into  somo-  and  many  other  savages  eat  great  quantitiea 

thing  similar  to  sago  and  tapioca.->-^nnafe<  of   steatite,    which   contains  absolutely  no 

de  Chimfe  et  de  Phygique*  xxxi.  337.  nourishment. 

STAUROLITE.      Grenatite,    or  pris-         STEEL.     A  modification  of  iron,  con;, 

matic  garnet.  earning  which  our  knowledge  is  not  very 

STAUROTIDE.      Grenadte,  prismatic  precise,   notwithstanding  the  researches  of 

garnet,  or'staurolite.     Colour  dark  reddish-  many  celebrated  chemists.     For  the  follow* 

Jl>rown ;    only  crystallised   in   forms  whidi  ing  important  facts  I   am   indebted  to  die 

may  be  reduced  to  a  prism  of  129**  30^.    Hie  proprietor  of  the   Monkland  manufactory, 

following  are  secondary  forms:  a  very  oblique  where  bar  and  cast  steel  of  superior  quality 

four-sided  prism,   truncated  on  the  acuter  are  made. 

lateral  edges,  forming  an  unequiangular  «x-         The  chests  or  troughs  in  which  the  iron 

^ded  prism ;  tlie  same  acutely  bevelled  on  the  bars  are  stratified  are  9  feet  long,  and  com- 

extremities  ;  and  a  twin  crystal,  formed  by  posed  of  an  open-gnined  siliceous  treetUmey 

two   perfect    six-sided    prisms :    splendent,  unalterable  by  the  fire.     The  Dannemora  or 

resino-vitreous ;    cleavage    in    the    smaller  Or^rounds  iron  is  alone  employed  for  con- 

disgonal ;    fracture  small  grained  une? en ;  version  into  ateel   at  Monkland.     Hie  ii^ 

ppsque,    or  translucent ;     scratches  quarts  crease  of  weight  is  from  4  to  12  ounces  per 

jfeebly;  brittle;  8p.gr.  3.3  to  3.8;  infusible,  hundred  weight.     The  average  is  therefore 

Its  constituents  are,  alumina  44^  silica  33^  1  in  224  parts.     The  first  propordop  consta* 
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Mibet  nuldt  and  th«  a^oond  very  bard  tle^i 
Should  the  prooen  be  pushed  much  finlfaer, 
the  iteel  would  thto  melt,  and  ia  the  act  of 
fuupn  would  take  a  dose  of  charcoal}  auffi- 
«ien!t  to  bring  it  to  the  state  of  No.  ].  cast 
iron«  The  charcoal  used  in  stiatifying  with 
.the  bar  iron  is  bruised,  so  as  to  pass  through 
a  quarter-inch  riddle.  Whenever  the  inte- 
rior of  the  troughs  arrive  at  70°  Wedgewood, 
the  carbon  begins  to  be  absorbed  by  the  iron. 
There  is  no  further  diminudon  of  the  weigfait 
of  the  charcoal  than  what  is  due  to  this  com- 
bination. What  remains  is  employed  at  an- 
other charge^  Great  differences  are  found 
between  the  different  kinds  of  bar  iron  im- 
ported at  the  same  time;  whidi  occasion 
unexpected  diffierences  in  tiie  resulting  steeL 
The  following  letter  contains  important  xa- 
Ibvmalion,  from  a  gentleman  possessing  great 
cspcfieBce  in  the  saanuGuture  of  steel. 

**  Monktand  SteeUworks, 
"  9tk  Novemher,  189a 

«  SiBf— Mr  William  Murray  has  written 
na^  that  you  wished  I  should  communicate 
to  you  the  reason  why  bar  iron  should  run 
into  the  state  of  soft  cast  iron,  by  the  oper»- 
.t&on  being  carried  too  far  in  the  blister  steel 
/itiliace;  and  hour  it  does  not  make  cast 
steel,  as  oast  steel  is  said  to  be  formed  by  the 
iusion  of  the  blister  steel  in  the  crucible  with 
charcoal. 

«  The  usual  practice  of  making  cast  steel, 
is  to  fuse  common  steel  in  a  crucible,  wiih<na 
any  charcoal  being  mixed.  The  degree  of 
hardness  required  in  the  cast  eteel  is  regulat- 
ed by  selecting  blister  steel  of  the  proper  de^ 
gree  of  hardness  lor  what  b  wanted. 

*'  This  statement  is  made  with  the  view  to 
correct  a  common  mistske,  diat  to  make  cast 
st^  it  is  necessary,  and  that  it  ia  the  practice, 
to  mix  witii  the  steel  to  be  melted  a  quantity 
of  charcoal. 

**  Pursuing  this  mistake,  it  naturally  leads 
to  Others.  Dr  Thomson  says,  when  speak- 
ing on  this  subject,  that  cast  steel  is  more 
fusible  than  common  steel ;  and  for  that  rea.. 
son  it  cannot  be  welded  to  iron;  it  melts 
belvre  it  can  be  heated  high  enough;  and 
that  the  quatitity  of  carbon  is  greater  than 
in  common  steel;  and  that  this  seems  to 
constitute  tlie  difference  between  the  two 
substances. 

«  The  statement  of  a  simple  fiurt  will  show 
that  this  conclusion  is  erroneous.  Suppose 
a  piece  of  blister  steel,  pretty  hard,  yet  ff  t  to 
stand  the  op^ratidn  of  welding  to  iron  with- 
out any  difficulty :  let  this  steel  be  made  into 
cast  ste<4  in  the  ordinary  way.  It  will  not 
then  stand  the  process  of  welding ;  it  will 
not  malt  before  reaching  the  welding  heat ; 
but  vriien  brought  to  that  heat,  and  submit- 
ted to  the  blows  of  the  hammer,  it  will  fall 
like  a  piece  of  sand,  and  the  parts  being 
■once  sepamted,  they  reflise  to  become  again 


united.  This  difficulty  of  vm^ang  tZte  i^ 
cannot  arise  from  the  steri  eootjuniag  ^m 
cariMO,  for  the  foct  is,  it  oontaiiia  lem,  fm 
of  it  being  burnt  out  in  the  operattoB  tf 
melting-  it^  And  if  the  aaaie  steel  wws  to  k 
melted  a  second  timc^  moi«  of  the 
would  be  burnt  out;  of  course 
would  be  softer,  but  at  the  sami 

difBcttlty  of  working  it  would  be , 

or,  in  other  words,  the  red-sbort  prcyeityit 
had  acquired  in  die  first  mehinig  voidd  Be 
doubly  increased  in  the  second,  ahhongft  s 
person  who  has  not  had  the  experience  wooU 
very  naturally  conclude^  that  as  the  med 
kept  retrograding  to  die  state  of  rnefkafA 
iron,  in  the  same  proportion  it  would  acquire 
all  the  properties  of  the  metal  in  that 
When  taking  this  view  of  the  . 
woidd  appear  that  the  difference 

these  two  kinds  of  steel  must 

some  other  caase  than  that  pointed  oat  bj 
Dr  Thomson. 

"*  Whea  the  iron  has  absorbed  a  qaaaitr 
of  carbon  in  the  blister  steel  furnace,  soft, 
dent  to  constitute  steel  of  a  proper  degiee 
of  hardness,  and  the  heat  after  ths  s  csa- 
tinued  to  be  kept  up,  the  steel  will  keep  ^ 
sorbing  more  and  more  caHion.     The  fns- 
bility  of  it  will  continue  to  incrcase,  jost  ia 
the  same  proportion,  till  at  last  it  become  » 
fusible,  that  even  the  limiu?d  heat  of  a  blister 
steel  furnace  brings  it  down ;  and  just  at  the 
time  it  is  passing  to  the  fluid  state,  it  takes 
so  great  a  quantity  of  charcoal  as  dianges  it 
from  the  state  of  eteel  to  that  of  castixoo. 
It  appears  to  me,  that  the  charcoal  is  com- 
bined in  rich  cast4ron,  in  the  mechasicd 
state,  and  not  in  die  chemical,  as  in  steeL 

«  Widi  diis  you  will  icceiTe  a  sperimca 
from  the  blister  steel  furnace.  The  fracture 
of  the  bar  will  show  you  steel  in  the  bigfaert 
state  of  combination  with  cartxm  in  which  it 
can  exist;  and  another  part  of  the  ane 
fracture  presents  the  transition  from  the  stsie 
of  steel  to  that  of  cast.ux>n.  Should  you  re- 
quire it,  I  will  send  you  a  specimen  of  csst- 
steel  in  the  ingot,  and  ftiom  the  same  ii^o^ 
one  in  the  hammered  state.— t  am,  Ac. 

**  John  BimKBY." 

A  new  memou-  on  the  alloys  of  sted  his 
been  latdy  published  by  Messn  Stodart  sad 
Faraday,  of  which  the  following  is  an  sb- 
stract 

The  first  curious  foct  that  occurs  relits 
to  the  compound  widi  silver,  of  whidi  sted 
will  only  retain  one  dOOth  part  in  union: 
when  more  was  used,  it  either  evaporated,  or 
separated  as  the  button  cooled,  or  was  forced 
out  in  forging.  The  alloy  was  cxcdJent, 
and  the  trifiing  addition  of  price  fnniisfaa 
no  obstacle  to  its  general  employment 

Steel,  dioyed  with  lOOtfa  part  of  plafiauiD, 
dumgh  not  so  hard  as  the  silver  aJlor.  Imb 
more  toughness ;  hence  its  value,  where  leas- 
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dfy  an  wdl «  hardimi  •r9  rc^ikrcd:  the «z- 
tm  eosi  if  more  than  repaid  by  ita  excellence* 
The  alloy  with  iliodium  exceeds  the  for- 
mer in  ita  valuable  qualitiesy.but  the  scarcity 
of  the  metal  predudes  its  general  use*     To 
tlie   compounds  with  iridium  and  osmium 
the  same  remarks  apply. 
■    Tlie  action  of  acidi  on  these  alloys  is  cu- 
Hoii%  and  especially  in  respect  to  that  of 
pl«tinvm»  which  is  acted  upon  by  dilute  sul- 
phuric acid  with  infinitely  greater  rapidity 
than  the  unalloyed  steel:   indeedj  an  add 
that  scarcely  touches  the  pure  sted*  dissolves 
the  alloy  with  energetic  eJBRKrvescence.     This 
is  DO  doubt  refetable  to  dectrical  exdtadon  ^ 
and  we  should  apprehend  that  it  would  be 
fetal  to  the  employment  of  this  particular 

fikeiy  to  ensue. 

The  alloys  of  steel  with  gold,  tin,  copper, 
and  cfaromium,  we  have  not  attempted  in  the 
lari^  way.    In  the  laboratory,  sted  and  gold 
were  combined  in  various  proportions;  none 
of  the  results  were  so  promising  as  the  alloys 
already  named,  nor  did  dtfaer  tin  or  copper* 
aa  far  as  we  could  judges  at  all  improve  steel. 
"With  titanium  we  £dled,  owing  to  the  io»- 
perfection  of  cruciUes.     In  one  instance^  in 
which  the  fiised  button  gave  a  fine  damask 
sorftce^  we  were  disposed  to  attribute  the 
appearance  to  the  presenoe  of  titanium ;  but 
hi  this  we  were  mistaken.     The  fact  was,  we 
had  unintentionally  made  wootz.     The  but- 
ton, by  analysis,  gave  a  little  sites  and  du- 
ndna»  but  not  an  atom  of  titanium.     Mena- 
dianite,  in  a  particular  state  of  preparation, 
was  used:    this  might  possibly  contdn  the 
earths  or  thdr  basis,  or  they  may  have  form- 
ed a  part  of  the  crudble^ 

Our  authors  advert  to  the  probable  im- 
portance of  certain  triple  alloys,  only  one  of 
which  is  noticed  in  thdr  paper,  namdy,  that 
of  steel,  iridium,  and  osmium.  **  Some  at^ 
mmpts  to  form  other  combinations  of  thia 
description  proved  encouraging,  but  we  were 
prevented  at  the  time  from  bestowing  on 
them  that  attention  and  labour  they  seemed 
to  well  to  deserve.** 

The  following  is  an  important  and  curious 
paragraph  of  this  paper :— > 

When  pure  iron  is  substituted  for  steel, 
the  dloys  so  formed  are  much  leas  sufagect  to 
oxidation.  3  per  cent  of  iridium  and  osmi- 
uiD,  fused  with  some  pure  iron,  gave  a  but- 
ton, whidb  when  forged  and  polished,  waa 
exposed  with  many  other  pieces  of  iron,  sled, 
and  dloys,  toa moist  atxiiosphere :  it  was  the 
hst  of  all  in  showing  any  rust.  The  colour 
of  this  compound  was  distinctly  blue ;  it  had 
the  property  of  becoming  harder  when  heated 
to  redness,  and  quenched  in  a  cold  fluid. 
On  obserring  this  steeUlike  character,  we 
suspected  the  presence  of  carbon;  none^ 
however,  was  found,  although  carefully  look- 
ed! for.     It  is  not  improbable  that  there  may 


be  other  bodiea,  besides  ofaarood,  ciqpdble  of 
giving  to  nron  tiie  properties  of  stcd;.  and 
though  we  cannot  agree  with  M.  Boussin- 
gault,  AnnaUt  de  CAaait;,  xvi.  1.  when  he 
would  replace  carbon  in  sted  by  silica,  or  ita 
base,  we  think  his  experiments  very  interest- 
ing on  this  point,  wMch  is  worthy  of  farther 
examination.    ' 

Incoodurion,  our  authors  observe,  that 
to  succeed  in  making  these  compounds,  much 
attention  is  requidte  on  the  part  of  the  ope- 
rators ;  that  the  purity  of  the  metds  is  essen- 
tial; that  the  perfect  and  complete  furion  of 
both  must  be  ensured ;  that  they  must  be 
kept  a  considerable  time  in  a  state  of  thin 
fusion;  that,  ailer  castings  the  Ihrging  la 
with  equd  eare  to  be  attended  to ;  that  the 

akid  that  the  hardening  and  tempering  nwsl 
be  roost  carefully  performed. 

Upon  the  whole,  though  we  condder  these 
researches  upon  the  alloys  of  sted  aa  very 
interesting,  we  are  not  sanguine  as  to  their 
important  influence  upon  the  improvement 
of  the  manufacture  of  cutlery,  and  suspect 
that  a  bar  of  the  best  ordinary  steel,  selected 
with  precaution,  and  moat  carefully  ibrgedt 
wrought,  and  tempered,  under  the  unmediate 
mipeeiion  oftkt  eiojfer,  would  afford  cutting 
instruments  aa  perfect  and  excellent  as  those 
composed  of  wootz,  or  of  the  dloys.-— PAiV. 
Trtuu,  18S<BL 

STEINHEILITE.  Blue  quarts  of  Fin- 
land. 

STERNBERGITE.  Fundamentd 

form,  a  scdene  fcrar-sided  pyramid.  A  new 
minerd  spedes.  Lustre  metallic ;  colour  dark- 
pinchbeck-brown  ;  streak  blade ;  tarnish  often 
riolet-blue;  very  sectile;  thin  laminsd  per* 
fectly  flexible ;  little  harder  than  tdc ;  sp.  gr« 
4i.215.  It  oecon  in  Joechimsthd  in  Bo- 
hemia. '-^Haidinger. 

ST  I BI U  M.     Antimony. 

STILBITE,  OB  PYRAMIDAL  ZEO-" 
LITE.     See  Zeolite. 

STILPNOSIDERITE.  Colour  brown- 
idi-black ;  masdve,  imitative,  and  in  curved 
concretions;  splendent,  rennous;  fracture 
conchoidd;  opaque;  streak  yellowish-brown; 
hard  in  a  low  d^pree;  brittle;  sp.  gr.  3.77 : 
with  borax  it  gives  a  dark  olive-green  glass* 
Ito  cottstituanta  are,  oxide  of  iron  80.5,  silica 
8.25»  water  10,  oxide  of  manganese  a  uacew 
'^Ulimttnn,  It  is  sdd  to  contdn  phospho- 
ric add.  It  occun  along  with  brown  iron 
in  Saxony  and  Bavaria.  It  ia  allied  to  mea- 
dow iron-orek 

STINK8TONE,  OR  SWINESTONE. 
A  variety  of  compact  lucullite^  a  sub-spedea 
of  limestone. 

STONES.  See  Analysis,  Ea&ths^  Ge- 
ology, METEOROLrrB,  and  Mineralogy. 

STO  R  A X.  A  bdsam,  of  which  there  are 
two  varieties,  a  solid  and  liquid ;  oonnsting 
of  reun,  bensoic  arid,  and  essentid  oiL 
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"    SYftAHLSTETN.     Actinolite.* 

STRONTIA.  About  forty  years  ago»  a 
mineral  was  brought  to  Edinburgh  by  a  deal- 
tr  in  fbssilsy  from  a  lead-mine  at  Strontian  in 
Argyllshire,  which  was  generally  considered 
as  a  carbonate  of  baryta.  It  has  since  been 
fonnd  near  Bristol,  in  France,  in  Sicily,  and 
in  Pennsylvania.  Dr  Crawford  first  observed 
some  diflfbrences  between  its  solution  in  muri- 
atic acid,  and  that  obtained  from  the  carbo- 
nate of  baryta  of  Anglesark,  and  thence 
supposed  it  to  be  a  new  earth.  Dr  Hope 
of  Edinburgh  had  entertained  the  same  opi- 
nion, and  confirmed  it  by  experiments  in 
I79I.  Kirwan,  Klaproth,  Pelletier,  and 
Sulier,  did  the  same.  The  carbonic  acid 
may  be  expelled  by  a  heat  of  140^  of  Wedge- 
Irood,  leaving  the  strontia  behind ;  or  by  dis- 
solving in  the  nitric  acid,  and  driving  this 
off  by  beat 

'    Pure  strontia  is  of  a  greyisl»-white  colour ; 
4  pungent  acrid  taste ;  and  when  powdered 
in  a  mortar,  the  dust  that  rises  irritates  the 
lungs  and  nostrils.     Its  specific  gravity  ap- 
proaches that  of  baryta.     It  requires  rather 
mora  than   160  parts  of  water  at  60^  to 
dissolve  it ;  but  of  boiling  water  much  less. 
On  cooling,  it  crystallizes  in  thin,  transp»- 
tent,  quadrangular  plates,  generally  parallelo- 
grams, seldom  exceeding  a  quarter  of  an  inch 
in  length,  and  frequently  adhering  together. 
The  edges  ara  most  frequently  bevelled  from 
each  side.     Sometimes  they  assume  a  culnc 
form.     These  crystals  contain  about  .68  of 
water ;  are  soluble  in  51.4>  times  their  weight 
of  water  at  6(P,  and  in  little  more  than  twice 
their  weight  of  boiling  water.     They  give  a 
blood-red  colour  to  the  flame  of  burning  alco- 
hol.    Hie  solution  of  strontia  changes  vege- 
table blues  to  a  green.     Strontia  combines 
with  sulphur  either  in  the  wet  or  dry  way, 
and  its  sulphuret  is  soluble  in  water. 

In  its  properties,  strontia  has  a  consider- 
"able  aflinity  to  baryta.  It  differs  from  it 
chiefly  in  bring  infusible,  much  less  soluble, 
of  a  different  form,  weaker  in  its  affinities, 
and  not  poisonous.  Its  saline  compounds 
afford  differences  more  marked.— JScttn^urgft 
Trans* 

The  basis  of  strontia  is  strontium,  a  metal 
first  procured  by  Sir  H.  Davy  in  1808,  pre* 
cisely  in  the  same  manner  as  barium,  to  which 
it  is  very  analogous,  but  has  less  lustre.  It 
appeared  fixed,  difficultly  fusible^  and  not 
Volatile.  It  became  converted  into  strontia. 
by  exposure  to  air,  and  when  thrown  into 
water,  decomposed  it  with  great  violence, 
producing  hydrogen  gas,  and  making  the 
irater  a  solution  of  stronda.  By  igniting 
the  mineral  strontianite  (see  Heavy  SpajO 
intensely  witli  charcoal  powder,  strontia  is 
cheaply  procured.  Sir  H.  Davy,  from  in- 
direct experiments,  is  disposed  to  regard  it  as 
composed  of  abmit  86  strontium  -|»  14  oxy- 
gen, m  100  parts ;  and  supposing  it  to  be 


composed  o^ a  prime  proportion  oTeacbctfts 
slituent,  the  equivalent  pritii«  of  rtromiiM 
would  be  6. 143,  and  of  atnmtiar  7^  14SL  Bat 
from  the  proportions  of  tbe  cooetiiuems  itf 
the  carbonate,  the  prime  of  sCrontio 
to  be  6.4  or  6.5;  and  bence  that  of 
tium  will  be  5.5. 

The  beautiful  red  fire  which  is  now 

frequently  used  at  the  tbeatree,  is  eoa|. 

of  the  following  ingredients  :— 40  patts  diy 
nitrate  of  strontia,  13  parts  of  finely  pev. 
dered  sulphur,  5  parts  of  cblorate  of  potmh 
(hyperoxymuriate),  and  4  parts  of  salphunt 
of  antimony.     The  chlorate  of  potash  mA 
sulphuret  of  antimony  should  be  powdoed 
separately  in  a  mortar,  and  then  ^xed  to- 
gether OQ  paper ;  after  which  tbej  may  be 
added  to  the  other  ingredieiita,  prtsnouAf 
powdered  and  mixed.      No  other  kind  ef 
mixture  than  rubbing  together  oo  paper  is 
required.    Sometimes  a  little  realgar  is  added 
to  the  sulphuret  of  antimony,  and  lrei|uantly 
when  the  fire  bums  dim  and  badly,  a  very 
small  quantity  of  very  finely  powdeiwl  dnaw 
coal  or  lampblack  will  make  it  perfect 

For  the  saline  combinations  c^stroatia,  sas 
the  Aaos  at  the  beginning  of  the  DictioaHy, 
or  Dr  Hope's  Dissertation  on  this  £arth,  i^ 
the  Edin.  PkiL  Tran*.  for  179a 

STRONTI  ANITEi     See  Heaty  StAM. 
STRONTIT£S.    Hie  same  as  stramhu 
STRONTIUM.     Tlie  metallic  base  of 
strontia. 

STRYCHNIA.  Thb  alkaline  substaaca 
was  detected  by  Pelletier  and  Caveniou  in  tfaa 
fruit  of  the  $trtfckno9  nw  vofMCOy  and  mwydkm 
not  ignalia,  about  the  end  of  the  year  I8I8L 
It  was  obtaiped  from  the  bean  of  the  stiyck« 
nos  ignatia  by  the  following  prooesa:— The 
bean  was  rasped  down  as  small  as  poasUe. 
It  was  then  exposed  to  the  action  of  niiriQ 
ether  in  a  Papin's  digester.  Tl»e 
thus  deprived  of  a  quantity  of  latty 

was  digested  in  alcohol  as  long  as  that  I. 

was  capable  of  dissolving  any  thing,  ^lia 
alcoholic  solutions  were  ev^korated  to  diyw 
ness,  and  the  residue  redissolvcd  in  water. 
Caustic  potash  being  dropped  into  the  sola* 
tion,  a  white  crystalline  precipitate  leli  wfaidi 
was  strychnia.     It  was  purified  by  wasfaii^ 
it  in  cold  water,  dissolving  it  in  alcohol,  and 
ciystallising  it     Str}'chnia  was  obtained  like, 
wise  from  the  bean  of 'the  strychnos  ignatv 
by  boiling  the  infusion  of  the  bean  with  mi^ 
nesia,  in  the  same  manner  as  Robiqoet  imk 
obtained  morphia  from  the  infusion  of  opium. 
Strychnia  has  been  since  extracted  fiom  tiia 
Upas  poison  (Upas  tiente  and  Upas  antliiar) 
by  the  same  chemists.     It  constitutes  the 
poisonous  principle  of  these  plants^— v^ju^  ^ 
Chim.  et  de  Phj^s.  xxvi.  44. 

The  properties  of  strychnia  when  in  a  sCMa 
of  purity,  are  as  follows :— • 

It  is  crystallised  in  very  small  Ibur-sided 
prisms,  terminated  by  four-aided  low  .pjvH 


STRTCHNIA. 


760 


SUBLIMATION. 


tnidfl.  It  has  ft  white  coloiuv  Hb  taste  is  tn- 
lolarably  bitlert  leaviiiganicteUie  impressioa 
in  the  mouth.  It  is  destitute  of  smell*  It 
is  not  altered  by  exposure  to  the  air.  It  is 
neither  fusible  nor  volatile^  except  at  tempfr. 
nUnres  at  which  it  undergoes  decompositioo. 
It  is  charred  at  the  temperature  at  which  oil 
enters  into  ebullition  (about  5G09),  When 
strongly  heated^  it  swells  up,  blackens,  give^ 
•out  empyreumatic  oil,  a  little  water  and  ace<- 
iic  acid ;  carbom'c  acid  and  carburetter  hy- 
•drogen  gases  are  disengaged,  and  a  bulky 
charcoal  remains  behind.  When  heated  with 
peroxide  of  copper,  it  giires  out  only  carbo*> 
nic  add  gas  and  water.  It  is  very  little  so- 
luble in  cold  water,  100,000  parte  of  that 
liquid  dissolving  only  15  parte  of  strychnia; 
but  it  dissolves  in  2500  times  ite  weight  of 
boiling  water.  A  cold  solution  of  strychnia 
in  water  may  be  dilntfd  with  100  times  its 
▼olume  of  that  liquid,  without  losing  ite  bi^> 

When  stiychnia  is  introduced  into  the  sto^ 
mach,  it  acts  with  prodigious  energy.  A 
locked  |aw  is  induced  in  a  very  short  time, 
«nd  the  animal  is  speedily  destroyed.  Half 
n  gndn  of  strychnia  Mown  into  the  throat  of 
a  rabbit  proved  fatal  in  five  minutes,  and 
brought  on  locked  jaw  in  two  minutes. 

Sulphate  ofstr/fchnia  is  a  salt  which  cry»> 
tallises  in  transparent  cubes,  soluble  in  less 
than  ten  times  ite  weight  of  cold  water.  Ite 
taste  is  intensely  bitter,  and  the  strychnia  is 
precipitated  from  it  by  all  the  soluble  salifi- 
able bases.  It  is  not  altered  by  exposure  to 
the  air.  In  the  temperature  of  212*'  it  loses 
no  weight,  but  becomes  opaque.  At  a  higher 
temperature  it  melts,  and  speedily  congeals 
■gain,  with  a  loss  of  three  per  cent  of  ite 
weight.  At  a  still  higher  temperature  it  is 
decomposed  and  chaired.  Ite  constituente 
are, 

Sulphuric  add,         9.5  5.00 

Strychnia,  90.5        47.63 

100.0 

Muriate  of  etrychnia  crystallises  in  very 
amall  needles,  which  are  grouped  together, 
and  before  the  microscope  exhibit  the  form 
of  quadrangular  prisms.  When  exposed  to 
the  air  it  becomes  opaque.  It  is  more  so- 
luble in  water  than  the  sulphate ;  has  a  simi- 
lar taste;  and  acte  with  the  same  violence 
upon  the  animal  economy  as  all  the  other 
salto  of  strychnia.  When  heated  to  the  tem- 
perature at  which  the  base  is  decomposed,  it 
allows  the  muriatic  add  to  escape. 

Photphate  ofHiychnia  crystellises  in  four- 
sided  prisms.  It  can  only  be  obtained  neu- 
tral by  double  decomposition. 

Nitrate  of  strychnia  can  be  obtained  only 
by  dissolving  strychnia  in  nitric  acid,  diluted 
with  a  great  deal  of  water.  The  saturated 
solution,  when  cautiously  evaporated,  yidds 
crystels  of  neutral  nitrate  in  pearly  needles. 


Hiis  salt  is  much  more  soluble  in  hot  than 
in  oold  water.  Ite  taste  is  exceedingly  bitter, 
and  it  acte  with  more  violence  upon  the  am<* 
nial  economy  than  pure  strychnia.  It  seems 
capable  of  uniting  with  an  excess  of  add. 
When  heated  it  becomes  yellow,  and  under* 
goes  decomposition.  It  is  slightly  soluble 
in  alcdiol,  but  is  insoluble  in  etherr 

When  concentrated  nitric  add  is  poured 
upon  strychnia,  it  immediately  strikes  an 
amaranthine  colour,  followed  by  a  shade 
nmilar  to  that  of  blood.  To  this  colour 
succeeds  a  tint  of  yellow,  which  passes  after- 
wards into  green.  By  this  action,  the 
strychnia  seems  to  be  altered  in  ite  properties^ 
and  to  be  converted  into  a  substance  stiU 
capable  of  uniting  witii  adds. 

Carbonate  of  etrychnia  is  obtained  in  the 
form  of  white  flocks,  little  soluble  in  watery 
but  soluble  in  carbonic  acid. 

Acetic,  oxalic,  and  tartaric  acids,  form 
with  strychnia  neutral  salts,  which  are  very 
soluble  in  water,  and  more  or  less  capable  of 
crystallising.  They  crystallise  best  when 
they  contain  an  excess  of  add.  The  neutral 
acetate  is  very  soluble^  and  crystallixes  with 
difficulty. 

Hydrocyanic  add  dissolves  strychnia,  and 
iforms  with  it  a  ciystallixable  salt. 

Strychnia  combines  ndther  with  sulphur 
nor  cartion.  When  boiled  with  iodine,  a 
sc^ution  takes  places  and  iodate  and  hydrio- 
date  of  strychnia  are  formed.  Chlorine  acts 
upon  it  precisely  in  the  same  way. 

Strychnia,  when  dissolved  in  alcohol,  has 
the  property  of  predpitating  the  greater 
number  of  metallic  oxides  from  their  add 
solutions.  It  is  predpitated  by  the  alkalis 
and  alkaline  earths;  but  the  effect  of  th^ 
earths  proper  has  not  been  tried.— See  ^niti 
de  CAtm.  et  de  Phys,  x.  142. 

A  new  process  for  extracting  strychnik 
from  nux  vomica  has  been  lately  published 
by  M.  Henry,  in  the  Journal  de  Pharmacia 
for  September  1822.  The  detnls  are  insert- 
ed in  the  Journal  of  Sdence  and  the  Arti, 
xiv.  443. 

Another  process  is  given  in  the  Gior,  de 
Fitica  by  M.  Ferrari,  which  is  translated  into 
the  Journal  of  Science,  xvii.  170.  M.  Fer- 
rari further  remarks,  that  the  solutions  of  the 
salte  of  strychnia,  as  of  the  sulphate^  nitrate^ 
muriate,  and  acetate,  slightly  acid,  when  ex- 
posed to  a  heat  of  212^,  become  volatile, 
and  the  salt  evaporates. 

STUCCO.     Gypsum. 

SUBER.  Cork.  See  Cebin,  and  Adb 
(Suberic). 

SUBLIMATION  is  a  process  by  wtudi 
volatile  substances  are  raised  by  beat,  and 
again  condensed  in  the  solid  form. 

Hiis  operation  is  founded  on  the  same 
principles  as  distillation,  and  ite  rules  are  tbe 
saroe^  as  it  is  nothing  but  a  dry  distillation;* 

The  apparatus  for   sublimation   is  Very 

3  C 


SUGAR.  770  8UGAK. 

MinpW.     A  amUtm  or  siimUI  akmbic  b  g^  b  sffanled  by  tlw 

ncrmlly  suflBcient  for  tlie  subliiiution  «f  imall  ekanpnm)  wfaicfa  b  i 

quAOtitieB  of  matter.  When  thb  pinc  b  ripe»  it  is  cmt  flowB, 

TIm  beauty  of  aonie  wblimatct  oonsstt  in  craabcd  by  paaiDg  b  Letwcmi  inm 

tliflir  being  coropoaed  of  very  fine  Ugbt  pafft%  aaanrad  by  the  ateam  cngim^  water* 

audi  aa  almoat  aU  thoae  cdkd  flowera;  m  alrengtli.     Tbe  juice  wfaicfa  flows  out  fay  i 

flowera  of  aulphur»  of  bensoint  and  odiera  of  atrong  prettora  b 

this  kind.  tnu^  pboed  benaslfa.  tb» 

Some  anfalimaAea  are  raquirad  to  be  in  juice  b  called  in  tbe 

inawri  aa  aoAid  and  compact  aa  thctr  naMirea  vmm ;  end  the  0Bne» 

allow.     Of  this  number  are  camphor,  mup»  tfab  pnamray  b  called 

riste  of  ammonia,  and  all  the  aublimataa  of  b  more  or  leas  aaccfaarinev 

mercury.     The  properaai  veaeab  for  thew  nature  of  the  aoil  on  wbich 

sublimstioni  are  bottlea  or  natraafaa,  which  grown,  and  the  weatber  that 

are  to  be  sunk  more  or  leaa  deeply  in  sand,  nated  during  ita  growth.    It  is 

according  to  the  ToJatiiity  and  gravity  of  the  tbe  soil  or  the  wMtbcr  baa  baen  bamid;  md 

mattcra  that  are  to  be  aublimed.     In  thb  in  contiaiy  drcumstancea  it  is  tbick  and  gh^ 

■Banner  of  subliming,  the  subatancea  having  tinoua. 

quitted  the  bottom  of  the  veaiel,  adhere  to  its         Hie  juice  of  the  cane  is  coaveyal  iais 
upper  part ;  and  aa  this  part  is  low  and  near  /■  boilers*  where  it  b  boiled  witb  Uose.     It  b 

the  fire,  they  there  suffer  a  degree  of  heat  subjected  to.the  same  opcniticm  in  tfarae  a^ 

sufficient  to  give  them  a  kind  of  fusion.    The  veral  boilers,  care  being  taken  to  nBUMwe  ike 

art»  therefore,  of  conducting  these  sublimn*'  acum  aa  it  risea.     In  tbia  state  It  b  odM 

tioos,  consista  in  applying  such  a  degree  of  j^yrufi,  and  b  again  boiled  witb  Jkne  till  it  b 

heat,  or  in  so  dbposing  die  sand,  (that  ifl^  aufficiently  conoantntcd»  when  it  ia  pouiel 

making  it  cover  more  or  leas  the  roatraas),  into  a  vessel  called  the  oao&r.     In 

that  the  beat  in  the  upper  part  of  the  matrass  ael  it  b  agitated  with  wooden  stimas 

ahall  be  sufficient  to  make  the  sublimate  ad-  break  the  crust  as  it  fisnoaa  on  tbe 

here  to  the  glass,  and  to  give  it  such  adcgree  It  b  afterwards  poured  into  r  sets,  to 

of  fusion  as  is  necessary  to  render  it  com-  rete  ita  oooUng ;  and  while  it  b  still 

pact ;  but  at  tbe  same  time  thb  heat  must  it  b  conveyed  into  bairda 

not  be  so  great  as  to  force  the  sublimate  over  n  datem,  and  pierced  fbresigh 

through  the  neck  of  tbe  matrass,  and  dissi-  bottom  with  several  holea  atqpped  vritb  casn 

pate  it.  Tbe  aynip  which  is  not  condenaed  fibsn 

SUBLIMATE  (CORROSIVE).     Bi-  through  tbcse  canes  mto tbe datanbtBaaih; 

chloride  of  mercury.  and  leaves  Ae  augar  in  the  state  called  taw 

SUBSALT.     A  salt  having  an  excess  of  sm^ot,  or  mtAJcaMHla.     Thb  sugar  b  ycBew, 

btee  beyond  what  is  requisite  for  satonting  and  b  purified  in  tbe  iabnda  in  tbe  foUmni^; 

the  acid,  as  tupenalt  is  one  with  an  excess  manner.-*Tbe  synip  b  boiled,  and 

of  the  add.  into  conical  earthen  veasela,  bsvi^g 

SUCCINATES     Compounds  of  sued-  perfimtion  at  the  apex,  which  b 
aic  acid  with  the  salifiable  bases.  Each  cone,  reversed  on  ita  apex,  b 

SUCCINIC  ACID.     See  Acid  (Suca-  in  another  eardien  vesa^      Ibe  syrap  b 

Mic).  stirred  together,  and  then  left  to  otyitaHlwt 
SUGAR  is  a  constitoent  part  of  vege-     At  the  end  of  fifteen  or  siJrteen  honn^  the 
tablea,  existing  in  considerable  quantities  in     hole  in  the  point  of  each  cone  b  opened,  that 
a  number  of  plants.     It  is  afforded  by  tlie     tbe  impure  sytvp  may  run  out.     Ibe' 

maple,  tbe  birch,  wheat,  and  Turkey  com.  of  these  sugar  loavea  is  tiien  taken  oot^  i 
Mai^graaf  obtained  it  from  the  roots  of  beet,     white  pulverised    sugar  substitatad  in 

red  beet,  skirret,  parsnips,  and  dried  grepea.  stead,  which  being  well  piisisd  dew^ 
Tlie  prooeaa  of  this  chemist  consisted  in  di-  whole  b  covered  with  day^  mnislnaed 
gesting  these  roots,  rasped,  or  finely  divided,  water.  This  water  filters  through  the 
in  alcehoL  This  fluid  dissolves  the  sugar,  carrying  the  ayrup  with  it  winch  waa  aaiaei 
and  leaves  the  extractive  matter  untouched,  with  the  sugv,  but  which  by  dib  man^^o- 
which  falls  to  the  bottom.  ment  flows  into  s  pot  substitatad  in  the  plaee 

In  Canada,  the  inhahitmta  extract  augar  of  the  fifst  Ihis  aecond  fluid  h  called  Jbte 
from  the  maple.  At  tbe  commenoement  of  syrup.  Care  b  taben  to  saoialcn  and  beep 
apring,  they  heap  snow  in  the  evening  at  the  the  cb^  to  ^  proper  degree  of  mhnem,  as  it 
foot  of  the  tree,  in  which  they  prevmusly  becomes  dry.  The  sugar  loaves  are  atfler- 
make  apertorcs  fbr  tbe  passage  cSr  the  retam-  ward  taken  out,  and  dried  inn  stove  foreign 
ing  sap.  Two  twndred  poumb  of  thb  juice  or  ten  days,  after  which  th^  are  poheriaed, 
affinrd,  by  evaporation,  fifteen  of  a  brownish  packed,  and  exported  to  Eovope,  where  tbey 
sugar.  Tbe  quantity  prepared  annually  are  still  farther  purified, 
amounts  to  fifteen  thousand  weight  The  operation  of  tbe  FWaidi  augar  nfinmi 

But  the  sugar  which  is  so  uniTersaUy  used     cooaisis  in  dissolving  the  caaaoaade^  or  ckyMl 
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jtagir,  i&  Uam  water.  BuOocks*  blood  k 
oddcdy  to  promote  the  darifymg ;  and,  when 
the  liquor  begioa  to  boil,  the  beat  is  dimi* 
Diihed,  and  Che  seum  car^lly  taken  off.  It 
k  in  the  next  place  concentrated  by  a  brisk 
heat ;  and,  as  it  boils  up»  a  small  quantity  of 
butter  ia  thrown  in,  to  joodenite  its  agitation. 
When  the  bofiliag  is  sufBdently  effected,  the 
fire  is  put  out ;  the  liquor  is  put  into  mouldfl, 
and  agitated,  to  mix  the  syrup  tc^geCher  with 
the  grain  sugar  abready  formed.  When  the 
whole  is  ooldt  the  moulds  are  opened,  and 
the  loaves  are  covered  with  moistened  clay, 
which  is  renewed  from  time  to  time  till  the 
sugar  is  well  cleansed  from  its  syrup.  The 
loaves  being  then  taken  out  of  the  moulds, 
are  carried  to  a  stoves  where  they  are  gra- 
dually heated  to  145°  F.  They  remain  in 
this  stove  eight  days,  after  which  they  are 
wrapped  in  blue  paper  for  sale. 

The  several  syrups  treated  by  the  same 
WHV^  afford  sugars  of  inferior  qualities ; 
and  the  last  portion,  which  no  longer  affords 
any  crystal^  is  sold  by  the  name  of  mdtt$sf$. 

Many  of  the  negro  boilers,  from  long  babit, 
gnem  accurately  by  the  eye  alone^  judging  by 
the  appearance  of  the  grain  on  the  back  of  the 
ladle :  But  the  practice  generally  adopted  is 
to  judge  by  what  is  called  the  touch ;  i.  a. 
taking  up  with  the  thumb  a  small  portion  of 
the  hot  liquor  from  the  ladle,  and,  as  the  beat 
diminishes,  diawing  with  the  forefinger  the 
liquid  into  a  thread.  This  thread  wUl  sud- 
denly break  and  shrink  from  the  thunjb  to 
the  suspended  finger,  in  different  lengths, 
Bcowding  as  the  liquor  is  more  or  less  tx^ed. 
A  thread  of  a  quarter  of  an  indi  long  gene- 
rally determines  the  psoper  boiling  h^jht  for 
strong  muscovado  sugar. 

The  curing-house  is  a  huge  airy  building, 
provided  with  a  oqtacious  mriaasfs  dstem, 
the  sides  of  which  are  doped  and  lined  with 
terras,  or  boards.  A  frame  of  massy  joist- 
work  without  boarding  is  placed  over  this  cis- 
tern ;  and  empty  hogsheads  without  headings 
are  ranged  on  the  joints  of  this  frames  Eight 
or  ten  holes  are  bored  in  the  bottoms  of  these 
hogsheads,  and  through  each  of  the  holes  the 
8ta&  of  a  plantain  led*  is  thrust  mx  or  eight 
indies  tielow  the  joista,  and  long  enough  to 
stand  upri^t  above  tiie  top  of  the  hogshead. 
Into  these  hogsheads  the  mass  from  the  cooler 
is  put^  which  is  cdled  potting ;  and  the  me- 
lasses  dndns  through  the  spongy  stalk,  and 
drops  into  the  dstem,  whence  it  is  occasion- 
ally taken  for  distillation.  In  the  space  of 
three  weeks,  the  sugar  becomes  tolerably  dry 
and  fiur.  It  is  then  said  to  be  cured,  and  the 
process  is  finished. 

Pure  sugar  occurs  commonly  as  a  white 
granular  solid ;  but  it  may  be  crystallised  in 
four  or  ax-sided  prisms,  terminated  by  two- 
uded,  or  sometimes  by  three-dded  summits, 
lis  sp.  gr.  is  1.6065  by  Fahrenhdt,  and 
1.4045  by  Hassenfrats.     The  crystals  are 


ncariy  anhydrous,  and  so  ana  the  alove-diicd 
refined  sugar  loaves* 

When  exposed  to  heat^  sugar  swells  up,  m 
deoomposed  with  a  smdl  of  i?arftiyy>i,  Mid 
finally  bursts  into  flames  at  a  temperature 
somewhat  below  ignition.  Whendissolved  in 
I-p3d  of  its  wdght  of  water,  it  forms  a  symp 
which  keeps  wdl  in  dose  vessels;  but  if 
conddcnbly  diluted  with  water,  it  rapidly 
changes,  pwticuktfly  wiHr  contact  of  air,  be- 
cOBDing  sour  and  mouldy. 

Sugar  is  hardly  soluble  in  pore  alcohol, 
though  proof  spirit  dissolves  a  good  deal  of 
it.  Syrups  which  have  been  nendered  un- 
crystaUisable,  bitter,  and  astringent,  by  eoaoh 
bination  with  lime,  baryta,  and  strontia,  r^ 
sume  theur  original  properties  when  these 
bases  an  aeparated  by  the  equivalent  quandty 
of  sulpbuiie  add.  The  same  holda  true  with 
regard  to  potash  and  soda.  When  quickn 
lime  is  left  for  some  months  in  combination 
with  syrup,  carbonate  of  liooe  is  deposited  in 
very  acute  rhomboids,  and  the  sugar  is  con- 
verted into  a  mucilaginons  jelly  i  the  con- 
sistence of  paste.  S&v&tX  other  oxides,  mid 
espedally  that  of  lead,  haive  the  property  of 
comiiiniag  with  sugar,  llius,  when  ground 
Utfaarge  is  heated  with  sugar  and  water  it  is 
dissolved,  butafrcr  a  while  the  liquor  becomes 
opaque,  and  lets  fdl  a  while  ins^d  light 
powder,  insoluble  in  even  a  great  quantity  of 
boiling  water,  and  which  is  considered  by 
Bersdius,  in  its  dried  states  as  a  compound 
of  100  of  sugar  and  139.6  of  oxide  of  lead. 
This  saccharate  is  deoomposed  by  the  feeblest 
acids,  which  seize  the  lead. 

Subaoekate  of  lead  does  not  predpitate 
sugar  from  its  solution ;  and  as  this  salt  throws 
down  almost  every  other  vegetable  and  ani- 
mal substance,  it  may  be  employed  to  separate 
sugar  from  other  matters. 

Sugar  has  no  action  on  sdts  except  at  as 
deviated  temperatursi  With  the  aid  of  water 
it  then  reduces  muriate  of  gold,  the  nitrates 
of  mercury  and.dlver,  the  sulphate  of  copper, 
and  reduoes  to  the  lowest  term  of  ox«diie« 
mcnt  the  oxides  of  sevend  other  salts*  Fhoa- 
pborus  acts  on  sugar  in  the  course  of  a  dagr 
without  contact  i^  dr^  whence  result  phos- 
phorous add  and  a  black  ghilinous  mass. 

Sugar  of  But-roat,  The  manufacture  of 
sugar  from  the  beet  has  taken  of  late  years 
such  extendon  in  France^  that  it  merits  some 
detail  in  a  practicd  work  <m  Chemistry.  The 
processes  have  undergone  a  great  many  mot 
difications  dnce  they  were  first  pradiMd  by 
M.  Acbaid  of  Berlin.  AAcr  innumerable 
trids  it  has  been  found  the  preferable  plan, 
to  treat  the  juice  of  the  beet-root  first  with 
sulphuric  add,  next  with  lime^  then  with  ani? 
md  charood,  and  finaUy  to  concentrate  tl|e 
qnrup,  afrer  daiification  by  bullock's  blood, 
so  that  on  cooling  it  may  crystdlise. ,  But 
some  further  details  may  prove  acceptable  to 
my  English  readers. 
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Thft  b«eCp|tx>ta    ara    fiuUcd  oat  of   the  ablequaatity  of  sulpluAcof  Enocis 

giound,  tbeir  necks,  ends  of  the  root  and  which  must  be  carefully  scparatied  prior  t» 

nMlicks,  are  cut  off:  Hiey  are  washed,  re-  boiling  op  the  liquor  for  cfyataliiwition,   Thv 

duoed  to  a  ptdp  by  a  rasping  iBadiine»  which  concluding  stage  of  the  proceaa  la  the  smh 

is  pressed  to  obtain  their  juice.     This  juice  as  that  almdy  described  for  the  juice  of  ihs 

resembles  considerably  that  of  the  cane  in  its  sugar  cane.     M.  Ttienani  asauies  u%  that  ■ 

composition.     It  contains  crystallisable  and  the  beet>root  sugar-moolda  or  fonam  a  rav 

probably  some  uncrystallixable  sugar,  albu*  sugar  is  procured  as  good  aa  tlie  moot  part 

men,  ferment,  colouring  matter,  parenchyma,  of  their  colonial  raw  sugars, 
some  salts,  with  pectic  and  a  litUe  malic  and         The  refining  of  the  raw  beet  sag^  is  coo- 

acetic  acids,  all  diffused  in  water.     The  only  ducted  in  the  same  way  as  that  of  the  caoiv 

essential  difierence  is,  that  it  contains  lem  and  the  results  are  said  by  him  to  be  firvqneat- 

sugar  than  cane  juice.  ly  as  productive. 

•  The  juice  of  the  beet^rooi  ought  to  be  For  a  great  many  yeais  the  opevatioai 
extracted  as  quickly  as  possible,  because  its  above  detailed  have  been  generallj  followed  7 
quality  changes  speedily  in  the  atmosphere,  but  recently  the  French  sugar  makcta  faaie 
This  inconrenience  may  be  somewhat  obviat*  resumed  the  use  of  tlie  stoves  whidi  Acbsid 
ed  by  adding  to  the  juice,  as  it  issues  from  long  ago  contrived  for  effectiii^  the  cryst^  ^ 
the  press,  about  a  400th  port  of  sulphuric  lisation  of  his  syrups.  Tbe  maLOufoctevy  of  1 
acid.  When  a  sufficient  stock  of  juice  has  M«  Crespel  of  Arras  is  mentioned  as  an  V 
been  run  <»ff,  we  must  fill  with  it  a  copper  example  of  the  successfol  employment  of  ibit 
boiler,  fumislied  with  two  stopcocks,  the  one  means  of  crystallisation.  The  evaporatioa 
of  which  is  fixed  near  the  bottom,  and  the  by  a  stove  heat  has  been  tbonglit  particnlarljy 
other  a  few  inches  higher  up ;  and  we  must  adapted  for  extracting  new  crops  oi  sugar 
heat  it  as  briskly  as  possible^  after  mixing  crystals  fhwi  the  first  syrups,  whicfa  wouU 
with  the  juice  some  cream  of  limOi  The  not  have  yielded  any  by  boiling  over  an  open 
quantity  of  slacked  lime  should  be  a  little  fire,  and  which  were  indeed  often  rpgaiiied 
more  than  is  adequate  to  saturate  the  acid,  as  mdasses.  By  this  process,  executed  wuh 
(or,  in  round  numbers,  6- lOtbs  of  tbe  weight  much  care^  from  4  to  4^  peunda  of  raw 
of  the  oil  of  vitriol  previously  added),  bo-  sugar  have  been  obtained  from  100  pounds  of 
cause  the  use  of  the  lime  is  not  merely  to  beet-root,— a  return  which,  could  it  be  look- 
neutralise  tbe  liquor,  but  to  promote  its  de-  ed  to  as  an  aversge  one,  would  place  tkii 
Jecation  or  clearing,  by  coml^ning  with  the  mode  of  making  sugar  in  a  very  fovourshle 
albumen,  &c.    The  requisite  quantity  of  lime  Ught. 

varies,  therefore^  with  the  quality  of  the  beet-         It  appears  that  sugar  has  the  propeiiy  of 

roots;  most  generally  it  is  about  9  ounces  renderingsomeof  the  earths  soluble  in  water, 

avoirdupob  for  every  22  imperial  gallons.  Hiis  property  was  accidentally  disGovcrvd  by 

Whenever  the  juice  reaches  the  temperature  Mr  William  Ramsay  of  Glasgow, 
of  212^  Fahr.  (without  boiling),  the  fire  is         Sugar,  dissolved  in  water  at  the  tempen- 

instandy  raked  out,  and  water  is  thrown  on  ture  ^  509,  is  capable  of  dissoMng  oae>half 

tbe  grate  and  ash-pit.     Meanwhile,  a  solid  of  its  weight  of  lime. 

thick  froth,  of  a  greenish-grey  colour,  forms^         The  solution  of  lime  in  sugar  is  of  a  bean- 

and  a  deposite  falls  to  a  considerable  amount,  tiful  white-wine  colour,  and  baa  the  amell  of 

The  juice  thereby  becomes  clarified,  and  has  fresh  slacked  quicklime, 
assumed  a  pale  yellow  hue ;  and  when  it  has         An  equal  weight  of  strontia,  with  tbe  sugsr 

beoome,  in  the  course  of  about  an  hour,  en-  employed,  is  capable  of  being  dissolved  at  the 

tirely  limpid,  the  froth  must  be  carefully  re-  temperature  of  212^,  and  of  being  retained  in 

moved  by  skimmers,  and  thrown  on  drainer^  solution  by  the  sugar  at  50^  of  Fahrenheit, 

to  save  as  much  of  the  juice  as  possible.   Tbe  On  exposing  the  crystals,  which  had  fiUlen 

clear  juice  is  now  run  off  successively  by  thf  down  during  the  cooling  of  the  liquid,  lo  tbe 

two  stopcocks,  beginning  with  the  higher,  air  of  the  atmosphere,  they  attracted  carbonic 

and  the  sediment  is  added  to  the  froth  on  the  acid,  and  effloresced, 
filten.  The  solution  of  strontia  in  sugar  Is  of  a 

The  juice  b  next  transferred  to  a  boiler  fine  white^wine  colour,  and,  like  that  of  lims^ 
built  on  a  level  below  tbe  first,  and  is  there  has  a  peculiar  caustic  smell, 
evaporated  by  a  quick  fire.     Whenever  its        The  power  possessed  by  tartaric  add  of 
density  reaches  to  1.12,  (24°  of  Twaddel's  preventing  the  predpiution  of  iron  and  some 
hydrometer),  animal  charcoal  is  introduced  in  other  metab  from  Uidr  muriatic  solution,  is 
powder,  and  the  concentration  is  carried  till  well  known  from  the  observations  of  M-Kosf 
its  spedfic  gravity  becomes  1.24,  (48^  of  and  ethers.     A  similar  effect  is  produced  by 
Twaddel).     The  froth  is  removed  as  it  rises,  sugar,  according  to  M.  Peschier,  if  the  mix- 
About  2  parts  of  animal  charcoal  are  usually  ture  be  boiled,  but  not  otherwise.— ^mi.  dt 
added  to  100  of  juice.     Hie  syrup  is  now  Ckinu  H  de  Phys-  xxxi.  197. 
filtered  through  woollen  cloth,  and  allowed  to         In  the  ordinary  refim'ng  of  raw  augan^ 
cool.     In  the  course  of  the  night  a  consider.  IWim  20  to  35  per  cent  of  molasses  are  sepa- 
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iMed,  of  which' i  oonsiderable  part»  proba- 
bly d-Sds,  are  fonned  by  the  high  heat  used 
in  the  coneentnitioii  of  tiie  syrup.  Various 
phins  have  been  contrxTed  to  diminish  this 
production  of  melasses.  One  of  these  con- 
sisted in  sunrounding  the  sugar  boiler  with 
oil  or  steam  at  a  high  temperature,  instead 
of  exposing  it  to  a  naked  fire.  In  a  second, 
the  boiler  is  oorered  at  top,  and  by  means  of 
an  air-pump  the  atmospheric  pressure  is  re- 
moved, so  as  to  favour  ebullition,  and  rapid 
evaporation,  at  moderate  heats. 

The  celebrated  phemist,  Mr  Howard,  took 
out  a  patent  for  this  plan,  which  is  undoubt- 
edly the  most  scientific  and  productive  of  any, 
but  requires  superior  skill  and  very  minute 
attention  in  the  manufacturer.  No  blood  is 
used  for  clarification.  This  is  accoonplished 
by  a  sjTstem  of  most  ingenious  canvass  filters, 
aided  by  the  intermixture  with  the  ^nip  of  a 
small  quantity  of  pasty  gypsum  and  alumina, 
made  by  saturating  a  solution  of  alum  with 
quicklime.  In  the  final  purification,  the  base 
of  the  inverted  sugar-cone  is  covered  with  a 
stratum  of  very  pure  saturated  syrup,  instead 
of  moist  pipe-day. 

The  thinl  method  is  founded  on  the  prcK* 
perty  which  animal  charcoal  (bone-black) 
possesses,  of  destroying  vegetable  colouring 
matter.  Perhaps  the  combination  of  the  last 
two  modes  promises  the  best  results. 

Mr  KirchoiT,  an  ingenious  Russian  che- 
mist, acddentally  discovered  that  starch  is 
convertible  into  sugar,  by  being  boiled  for 
aome  time  with  a  very  dilute  sulphuric  add. 
Saussure  showed,  that  100  parts  of  starch 
yidd  110  of  sugar.  He  concluded,  that  this 
sugar  is  merely  a  compound  of  water  and 
starch.  According  to  his  analysis,  starch  con- 
ibis  of 

Oxygen,  56.87 

Carbon,  37.29 

Hydrogen,  6.84 


100.00 
Sugar  of  grapes,  according  to  the  same 
'diemist,  is  composed  of. 

Oxygen,  56.51 

Carbon,  36.71 

Hydrogen,  6.78 

100.00 
Common  sugar  has  been  andyzed  by  many 
eminent  chemists.  The  following  is  a  generd 
view  of  the  results:— 

G.  Lumac  and  Berzelius,      Frout. 

Thenard.  Mean  of  i. 

Oxygen,  50.63        49.856        5^35 

Carbon,  42.47        43.265        39.99 

Hydrogen,         6.90  6.879  6^66 


100.00       100.000      100.00 
By  my  ultimate  analysis  of  sugar,  Its  con- 
stituents are,-*^ 


Carbon,  4a36         5  atoms       -45^4 

Hydrogen,       6.29        4  6.1 

Oxygen,         5a33        4  4a5 

lOaOO  100.0 

PhU,    Trans.    1822.— See    Aldientary 

SOBffrANCBS. 

For  a  view  of  the  proportions  of  the  con* 
stituents  referred  to  equivalent  primes  or  vo- 
lumes, see  Fermentation,  column  4^  It 
may  be  observed  that  Dr  Praut's  experimciw 
td  results  agree  with  M.  Gay  Lussac's  theory^ 
of  sugar  bang  a  compound  of  40  parts  of 
carbon  -|-  60  of  water,  or  its  elements.  By 
Berzelius's  andysis,  starch  consists  of. 
Oxygen,  49.5 

Carbon,  4a5 

Hydrogen,  7.0 

loao 

The  abstractionr  of  a  little  hydrogen  and 
carbon  would  convert  it  into  sugar.  But  no 
carbonic  add  or  odier  gas  is  extricated  during 
the  conversion,  according  to  VogeVs  experi« 
ments. 

M.  Braconnot  has  recently  extended  our 
views  concerning  the  artifidal  production  of 
sugar  and  gum.  Sulphuric  add  (sp.  gr. 
1.827)  mixed  with  well  dried  elm  dust,  be- 
came very  hot,  and  on  bdng  diluted  with 
water,  and  neutralized  with  chdk,  afforded  a 
liquor  which  became  gummy  oo  evaporation.- 
Shreds  of  linen  triturated  in  a  glass  mcntar 
with  sulphuric  acid,  yield  a  similar  gum. 
Nitric-  add  has  a  similar  power.  If  the 
gummy  matter  from  linen  be  boiled  lor  some 
time  with  dilute  sulphuric  acid,  we  obtdn  m 
crystallizable  sugar,  and  an  acid,  which  M. 
Braconnot  cdls  the  vegeto-sulphuric  add. 
The  conversion  of  wood  also  into  sugar  will 
no  doubt  appear  remarkable ;  and  when  per* 
sons  not  ftimiliarised  with  chemicd  specula- 
tions ai3B  tdd,  that  a  pound  wdght  of  rags 
can  be  converted  into  more  than  a  pound 
wdght  of  sugar,  they  may  regard  the  states 
ment  as  a  piece  of  pleasantry,  though  nothing, 
says  M.  Braconnot,  can  be  more  reaL 

Silk  is  convertible  into  gum  by  sulphuric 
add. 

Twelve  grammes  of  glue,  reduced  to  pow- 
der, were  digested  with  a  double  weight  o£ 
concentrated  sulphuric  add  without  artifidal 
heat  In  twen^  hours  the  liquid  was  not 
more  coloured  than  if  mere  water  had  been 
employed.  A  decilitre  of  water  wait  then 
added,  and  the  whole  was  bdled  for  five 
hours,  with  renewal  of  the  water,  from  time 
to  time,  as  it  wasted.  It  was  next  diluted, 
saturated  with  chdk,  filtered,  and  evaporated 
to  a  syrupy  consistence,  and  left  in  repose  for 
a  month.  In  this  period  a  number  of  granu- 
lar crystals  had  separated,  which'adhered  pret- 
ty strongly  to  the  bottom  of  the  vesad,  and 
had  a  very  dedded  saccharine  taste.  This 
sugar  crystallises  much  more  eadly  thap  cano 
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Tbe  ciystals  are  grittjr  vodCT  the 
toedi,  fike  ngw-cuidjr ;  and  in  Ibe  Ibrm  of 
iaHrneil  prims  or  tabokr  gronpi.  Its 
iHto  k  ncarij  as  saocliaiiiio  as  grape  sugar: 
ili  aolnbOiCj  in  water  scarotly  exceeds  that 
ofsugarofmiUc.  Boiling  alcohol,  even  when 
diluted,  has  no  action  on  this  sugar.  Bj  dis- 
tiUation  it  yields  ammonia,  indicating  the 
prascnoe  or  asote.  Tins  sugar  combines  iiw 
timatsly  with  nitric  add,  without  sensibly  de- 
composing it,  even  with  the  asiislanre  of 
heat,  and  there  rssoHs  a  pemhar  ciyrtallked 
add,  to  which  the  name  nitnKsaodiarine  has 
been  pvetL-^'AmnaUs  de  Ckimie,  xiL  or  TU^ 
lock't  Magaxmet  toL  It.  and  Ivi. 

Tbe  Tarieties  of  sugar  aic^— cane  sugar, 
maple  sugar,  liquid  sugar  of  fruits,  sugar  of 
figs,  sugar  of  grspes,  stsich  sugar,  the  mush- 
room sugar  of  Brsconnot,  manna,  sugar  of 
gelatin,  sugar  of  honey,  and  sugar  of  diabetes. 

Sugar  of  grapes  does  not  aficct  a  peculiar 
forok  It  is  deposited,  from  its  alcoholic  so- 
faitioii,  in  small  gndns,  which  bare  Mtde  con- 
sistence, are  grouped  together,  and  which 
constitute  tubercles,  similar  to  those  of  cauli- 
flowers. When  put  in  the  mouth,  it  produces 
at  first  a  sensation  of  coolness,  to  whtcfa  sue- 
oceds  a  saccharine  taster,  not  very  strong. 
Hence^  to  sweeten  to  an  equal  degree  the 
same  quantity  of  water,  we  must  employ  two 
and  a  half  times  as  nmich  sugar  of  grapes  as 
of  that  of  the  cane.  In  other  respects,  it 
possBSBi's  all  the  properties  of  cane  sugar. 
Its  extraction  is  very  easy.  The  exprened 
juice  of  the  grapes  is  composed  of  water,  su- 
gar, mudbge,  bitartrate  of  potash,  tartrste 
of  lime^  and  a  small  quantity  of  other  saline 
matters.  We  pour  into  it  an  excess  of  chalk 
in  powder,  or  rsther  of  pounded  marblot 
There  results,  especially  on  agitetion,  an  ef- 
fervescence^ due  to  the  unsaturated  tartaric 
add.  The  liquor  is  then  ckrified  with  whites 
of  eggs  or  blood.  It  is  next  evaporated  in 
Copper  pans,  till  it  marks  a  density  of  1.32 
at  the  boiling  temperature.  It  is  now  allow- 
cd  to  cooL  At  the  end  of  some  days  it  con- 
cretes into  a  crystalline  mass,  which,  when 
dnuned,  washed  with  a  little  cold  water,  and 
strongly  compressed,  constitutes  sugar. 

In  the  south  of  France^  where  this  opera- 
tion was  some  years  back  carried  on  on  tlie 
great  acale»  to  prevent  fermentation  of  the 
rniM,  there  was  added  to  this  a  little  sulphate 


the  ordinary  way,  it  would  1 
taste  at  the  end  oif  a  few  days^ 

tobe 
The  syiup  was  evaporated  to  the 
only  1.285.— Phmtf,  Arnm.  de 
131.;  amd  the  CMUetianaf 
ed  by  Pm-mentigr  in  18ia 

Itisthb 
fitom  starch  and  woody  fibre  by  die 
dilute  sulphuric  arid. 

Sugar  of  di^ietes  has  soiiiiIiiim  ii  1i 
ening  force  of  sugar  of  grapes  $ 
much 


It 


sweet  than  that  of  the  caneu  It 
with  remarkable  fedllty,  fonniag 
rilateral  prisms  irilh  square  bawi. 
alcohol  l^  fermentation. 

All  honeys  contain  two  speden  of 
one  similar  to  sugar  of  the  grape, 
file  uncrystallisable  sugar  of  the 
lasses).  These  combtoed,  and 
different  proportions  with  ai 
constitute  the  honeys  of  good  qnalifrf. 
of  inferior  quality  contain^  besides,  a 
quantity  of  wax  and  add:  die  honeys  of  Bri- 
tanny  contain  even  an  animal  sffcrrtiiMi  (opb* 
voin)  to  whicfa  they  owe  their  |mln  sn,m 
quality.  A  slight  washing  with  n  little  aloo* 
hoi  separates  tbe  unaystaUtaaUe  sagv,  and 
leaves  the  other,  which  may  he  posified  fay 
washing  with  a  very  Ettle  more  alcofaoL 

<*  Ilie  relation,**  says  Dr  IVout,  <«  which 
exists  between  urea  and  .sugar,  aeenu  to  ex- 
plain in  a  satisfectory  manner  the  pbenome* 
na  of  diabetes,  which  may  be  considered  as  a 
depraved  secretion  of  sugar.  Tbe  weigiit  of 
the  atom  of  sugar  is  just  half  that  of  the 
wdgfat  of  the  atom  of  urea;  the  shenlinlfi 
quantity  of  hydrogen  in  a  given  vrei^ia  of 
both  is  equal ;  while  tbe  absolute  qnantitacs 
of  carbon  and  oxygen  in  a  given  weight  of 
sugar  are  predsely  twice  thoae  of  urea.'* 

The  oonstituentB  of  these  two  bodies  and 
lithic  add  are  thus  expressed  by  that  inge- 
nious philosopher."** 


Elements. 

Hydrogen 
Carbon 
Oxygen 
Asote 

Ueea. 

Sugar. 

LiTHiC  AdD. 

Ko. 

Pter 
Atom. 

Per 
Cent 

Ma 

Per 
Atoxo. 

Per 
Cent 

Na 

Per 

AtOBB. 

Per 
Cent 

2 

1 
1 
1 

2.5 

7.5 

10.0 

17.5 

6.66 
19.99 
26.66 
46.66 

1 

1 
1 

1.25 

7.50 
10.00 

6.66 
39.99 
53.33 

I 
2 
1 

1.25 
15.00 
10.00 
17.50 

2.85 
34.28 
22.85 

4aoo 

5 

37.5 

loaoo 

3 

ia75 

100.00 

5 

4a75 

100.00 
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The  thCf99  compound*  appear  to  be  formed 
by  Ihe  union  of  more  simple  compound»— -as 
sugar,  of  carbon  and  water;  urea,  of  carbu- 
retted  hydrogen  and  nitrous  oxide;  lithic 
acid,  of  cyanogen  and  water,  &c.  whence  it 
is  inferred,  that  their  artificial  formation  falls 
within  the  limits  of  chemical  operations. 

SUGAR  OF  hBAD.  Aceute  of  lead. 
See  Lead. 

SULPHATES.  Definite  compounds  of 
sulphuric  acid  with  the  salifiable  bases.  See 
AciJ>  (SdLFBUUc),  and  the  respective  bases. 
SULPHATO-TRICARBONATE  OP 
Ij£  A  D.  A  new  mineral,  found  at  Leadhills, 
whose  peculiar  nature  was  first  pointed  out 
by  Mr  Brooke.  Stromeyer  has  since  con- 
firmed Mr  Brooke's  statement  of  its  compo- 
sition, as  follows  t 

Carbonate  of  lead,        -  72.7 

Sulphate  of  lead,  -  27;  3 

6ULPHITE&  Definite  compounds  of 
sulpliurous  acid  with  the  bases. 

SULPHUR.  Of  native  or  prismatic  suU 
pbur  there  are  two  species,  the  common  and 
Tolcanic ;  the  former  is  of  two  kinds,  com- 
pact and  earthy  sulphur* 

$  1.  (hmpact  common  nUphur,  Colour 
sulplmr-yellow,  and  yellow  of  other  shades. 
Massive;,  disseminated,  and  crystallised.  Its 
primitive  figure  is  a  pyramid  of  107^  W ;  and 
e4fi  24/;  basis  =s  1029  41'.  Tlie  secondary 
figures  arej,  the  primitive  variously  truncated 
or  acuminated,  and  delicate  adcuUr  crystals ; 
shining  or  glimmering;  cleavage  prismatic 
and  axifrangible;  fracture  uneven;  translu- 
cent; refracts  double;  harder  than  talc; 
brittle :  when  rubbed,  it  exhales  a  fiunt  sul- 
phureous smell,  and  becomes  resino-electric ; 
sp.  gr.  1.9  to  2.1.  It  occurs  in  considerable 
abundance  in  primitive  mountains,  in  a  state 
of  combination  with  metals,  fonning  the  dif^^ 
ferent  genera  of  pyrites,  glance,  and  blende. 
In  secondary  mountains  it  is  more  abundant 
in  the  pure  uncombined  state.  It  is  found 
in  the  island  of  Iceland,  associated  with  gyp. 
sum ;  or  in  crusts  investing  allurial  substan* 
ces.  Very  superb  specimens  of  crystallised 
sulphur  are  found  at  Conil  near  Cape  IVafaU 
gsr.  It  occurs  abundantly  in  Sicily,  at  Urw 
bioo  in  the  Papal  States,  in  Anragon  in 
Spain,  and  Lauenstein  in  Hanover. 

J  2.  Earthy  common  iulphur.  Colour 
pale  straw-yellow ;  massive  and  disseminated ; 
dull ;  fracture  fine  earthy ;  opaque;  does  not 
soil ;  soft  to  friable.  It  occurs  in  dnisy  ca> 
rities  in  flint,  and  along  with  the  compact 
varieties  in  gypsum,  and  other  rocks. 

2*  Vokanic  sulphur.  Colour  pale  sul- 
phur-yellow; massive^  imitative,  and  crys- 
tallised in  pyramids;  glistening,  inclining 
to  adamantine;  fracture  uneven;  slightly 
translucent  It  occurs  abundantly  at  Solfa* 
terra  in  the  neighbourhood  of  Vesuvius,  and 
in  Iceland.— >/iiinej<m. 
SULPHUR.    A  simple  infiamaiable  body, 


of  great  importance  in  chemistry  and  tlie 
arts.  To  the  properties  above  mentioned  we 
shall  here  add,  that  its  fusing  point  is  about 
220^  F.,  before  which  temperature  it  begins 
to  evaporate.  At  560^  it  takes  fire  in  tlie 
open  air,  and  bums  with  a  pale  blue  flame. 
When  kept  melted  in  an  open  vessel  for  some 
time,  about  30(P  F.,  it  becomes  thick  and 
viscid ;  and  if  it  be  then  poured  into  a  basin 
of  water,  it  appears  of  a  red  colour,  and  duc- 
tile like  wax.  In  this  state  it  is  used  for 
taking  impressions  of  seals  and  medals.  Its 
sp.  gr.  is  said  to  be  increased  from  1.99  to 
2.325.  This  change  is  not  owing  to  oxi- 
dation, for  it  takes  place  in  close  vessels. 

When  a  roll  of  sulphur  is  suddenly  seized 
in  a  warm  hand,  it  crackles,  and  sometimes 
falls  in  pieces.  Hiis  is  owing  to  the  unequal 
action  of  heat,  on  a  body  whidi  conducts  that 
power  slowly,  and  which  has  little  cohesion. 
If  a  mass  of  sulphur  be  melted  in  a  crucible, 
and,  after  the  surface  begins  to  concrete,  if 
the  liquid  matter  below  be  allowed  to  run 
out,  fine  acicular  crystals  of  sulphur  will  be 
obtained. 

Sulphur  is  insoluble  in  water ;  but  in  small 
quantity  in  alcohol  and  etlier,  and  more  large- 
ly'in  oil. 

Sulphur  combines  witli  oxygen  in  four 
definite  pn^iortionB,  constituting  an  inte- 
resting series  of  acids.  See  Acid  (Sulfhu- 
ftic). 

From  these  combinations  it  is  inferred, 
that  the  prime  equivalent  of  sulphur  is  2; 
and  the  density  of  its  vapour  is  1. 1 1 1  ss  that 
of  oxygen  gas. 

Sulphur  combines  readily  with  chlorine. 
This  compound  was  first  made  by  Dr  Thom- 
son, who  passed  chlorine  gas  through  flowers 
of  sulphur.  It  may  be  made  more  expedi- 
tiously by  heating  sulphur  in  a  retort  con.. 
taining  chlorine.  The  sulphur  and  chlorine 
unite^  and  form  a  fluid  substance,  which  is 
v<^tile  below  200<'  F.  and  distils  into  the 
oold  part  of  the  retort.  Tliis  substance,  seen 
by  reflected  light,  appears  of  a  red  colour,  but 
is  yellovrish-green  when  seen  by  transmitted 
light.  It  smokes  when  exposed  to  air,  snd 
has  an  odour  somewhat  resembling  that  of 
sea-weed,  but  much  stronger ;  it  affects  the 
eyes  like  the  smdke  of  peat  Its  taste  is  aad, 
hotf  and  bitter.     Its  sp.  gr.  is  1.7. 

It  does  not  redden  perfectly  dry  paper 
tinged  with  litmus :  when  it  is  agiteted  in 
contact  vrith  water,  the  water  becomes  cloudy 
from  the  appearance  of  sulphur,  and  strongly 
scid,  and  it  is  found  to  contaio  oil  i>f  vitrioL 
According  to  Sir  H.  Davy's  experiments, 
10  grains  of  pure  sulphur  absorb  nearly  SO 
cubk  inches  of  chlorine,  so  that  the  compound 
contains  about  2  sulphur  to  4.5  chlorine^  or 
a  prime  equivalent  of  each. 

The  compound  formed  in  the  manner  above 
described  cannot  be  made  to  unito  to  more 
chlorine;  but  it  can  diasolvt  a  considerable 
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portion  of  sulphor  by  beat,  and  bccomet  of  «  ite  weighs  of  dunreoal,  yidds  46.8 

tawoy-ydlow  colour.  of  iul(£iii«tted  faydrogea,  wfaco  acted 

Iodide  of  sulphur  b  easOy  formed  by  miK-  dilute  muriatie  add.— ^im.  4e  Ckimk 

ing  the  two  ingredicnU  in  a  glaea  tube^  and  271. 

exposing  them  to  such  a  heat  as  melts  the         When  a  few  drops  of  fuming 

sulphur.     It  is  greyish-black,  and  has  a  radi-  are  put  into  a  flask  filled  with  pure 

ated  structure  like  that  of  sulphuret  of  anti-  retted  hydrogen,  the  hydrogea  is  oxidised  by 

mony.    When  distilled  with  water,  iodine  is  the  nitric  add,  and  the  sulphur  ia  disengi^ed 

disengaged.  in  a  solid  form.     If  the  flask  be  closed     ~ 

Sulphur  and  hydrogen  combine.     Their  the  finger,  so  that  the  gas  which  be 

union  may  be  effected,  by  causing  sulphur  to  heated  cannot  escape,  its  temperatnre  is 

sublime  in  dry  hydrogen  in  a  retort.     There  so  much  as  to  produce  combostaon  wiifa 


is  no  change  of  volume ;  but  only  a  part  of     beautiful  flame,  and  a  slight  detonatioD 

the  hydrogen  can  be  united  with  the  sulphur     forces  the  finger  from  the  onoutfa  t)€  the  fink. 


in  diis  mode  of  operating.  This  experiment  may  be  made  witlioat 

llie  usud  way  of  preparing  sulphuretted  least  danger,  with  a  flask  cootaiiiis^  Ibor  m 

hydrogen  is,  to  pour  a  dilute  sulphuric  or  five  cubiod  indies  of  gas.— >.fi^rscliMs. 

muriatic  add  on  the  black  sulphuret  of  iron  Of  all  the  gases,  sulphuretted  hydrogen  ■ 

or  antimony  in  a  retort.     For  accurate  ex-  perhaps  the  most  deleterious  to  anioMl  ISk, 

periments  it  should  be  collected  over  mercury.  A  greenfinch  plunged  into  air  which 

It  takes  fire  when  a  lighted  teper  is  brought  tains  only  1-IdOOth  of  its  volume 

in  contact  with  it,  and  bums  with  a  pde  blue  instantly.    A  dog  of  middle  sixe  is  ( 

flame,  depositing  sulphur.     Its  smdl  is  ex-  in  air  that  contains  l-800th  ;  and 

tremely  fetid*  resembling  that  of  rotten  e^s.  would  fisU  a  victim  to  an 

Its  taste  is  sour ;  it  reddens  v^etable  blues ;  tuning  l-250th. 

it  is  absorbable  by  water,  which  takes  up  Dr  Chausder  proves,  diat  to  kill  an  mL 

more  than  an  equaJ  volume  of  the  gas.     Its  mal  it  is  suffident  to  atiake  the  aolpliaictled 

sp.  gr.  according  to  MM.  Gay  Lussac  and  hydrogen  gas  act  on  the  surfaee  of  its  body, 

Thenard,  is  to  that  of  dr  as  1.1912  to  1.0.  when  it  is  absorbed  by  the  inlMiUwt^     He 

From  Sir  H.  Davy*s  experiments  it  would  took  a  bladder,  having  a  stopcodc  at  one  cd4 

appear  to  be  a  little  less,  but  he  is  indined  and  at  the  other  an  opening,  into  wlddi  Ik 

to  adopt  the  results  of  the  French  chemists,  introduced  the  body  of  a  rabbit,  kaviag  ito 

rather  than  his  own,  as  their  gas  was  wdghed  head  outdde^  and  securing  the  bladder  aw- 

in  Itfger  quantity,  and  dried.    Notwithstand-  tight  round  the  neck  by  adhedve  plaster.   He 

•ing  this  preference  of  other  experiments  to  then  sucked  the  ur  out  of  the  bladder,  and 

his  own,  we  must  prefer  a  number  nearer  to  replaced  it  by  sulphuretted  hydrogen  gps»    A 

Sir  H.  Davy's  than  M.  Gay  Lussac's.     Its  young  animal  in  these  drcumstances  vsaaBy 

true  sp.  gr.  is  1.1805.     100  cubic  inches  perishes  in  15  or  20  minutes.     CNd 

wdgh  36.006 ;  and  it  consists  of  1  volume  redst  the  poison  much  longer, 

vapour  of  sulphur  =:  1.1111  4-  1  volume  When   potasdum  or  Bodiura   is 

of  hydrogen  =  0.0694  =a   1.1805;   or  a  merely  to  fudon,  in  contact  with  saJphofectcd 

prime  equivdent  of  each  =:  2.125.     If  pla-  hydrogen,  it  becomes  lununoos,  and  banH 

tina  wires  be  ignited  in  it  by  the  voltdc  ap-  with  extrication  of  hydrogen,  while  a  metd- 

paratus,  it  is  rapidly  decomposed.     Sulphur  lie  sulphuret  remdn%  combined  with  solplm- 

is  depodted,  and  an  equd  volume  of  hydro*  retted  hydrogen,  or  a  sulphuretted  faydio* 

j^n  remdns.     Hie  same  change  is  effected  sulphuret. 

more  slowly  by  electric  sparks.  Sulphuretted  hydrogen  combines  with  an 

M.Berthier  recommends  the  following  pro-  equd   volume  of  ammonia,  and  wrt^w  M 

cess  for  procuring  pure  sulphuretted  hydro-  dkalis  and  oxides,  so  that  it  has  all  the 

gen  at  an  economical  rate  i— Powdered  com-  meters  of  an  acid.     These  compcwnds 

roon  iron  pyrites  is  to  be  mixed  with  hdf  its  called  hydromlphnrttt, 

weight  of  dry  carbonate  of  soda,  and  heated  All  the  hydronUpkurttM  soluble  in 

red-hot  in  a  crucible ;— «  fused  sulphuret  of  have  an  acrid  and  bitter  taste,  and  w 

sodium  and  iron  is  obtdned,  which  may  be  the  liquid  states  the  odour  of  rotten 

poured  out  on  a  stone  to  cool.     It  is  then  a  All  those  whidi  are  insoluble  are,  on  the 

homogeneous    deep-yellow  coloured    mass,  trary,  insipid,  and  without  smdl.     Tha^  are 

having  a  lamellar  fracture.     It  absorbs  much  only  two  coloured  hydrmnilphurrtii    ■  thnt  ef 

water,  forming  with  it  a  black  paste,  which,  iron,  which  is  black,  and  of  antimooj,  wfaidi 

when  acted  on  l^  sulphuric  or  muriatic  acid,  is  chestnut-brown. 

instantly  yields  abundance  of  sulphuretted  All  the  hydrosulphurets  are  decomposed 

hydrogen;  leaving  a  black  sulphuret  of  iron,  by  the  action  of  fire.     That  of  magnesia  it 

which,  by  the  application  c£  acid  and  heat,  transfiirmed  into  sulphuretted  hydrogen  and 

will  yield  a  second  portion  of  the  gas.  oxide  of  magnedum;   those  of  potMh  and 

Sulphuret  of  lime,  nude  by  decompodng  soda,  into  sulphuretted  hydrogen,  hydrogen, 

the  sulphate  at  a  high  heat,  with  one-fifth  of  and  sulphuretted  alkalis;  those  of  manganese. 
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sioc^  iron,  tin,  and  antimony,  into  water  and 
metallic  sulpburets. 

When  we  put  in  contact  with  tlie  air,  at 
the  ordinary  temperature,  an  aqueous  solution 
of  m.  bydrosulphuret,  there  results,  in  the 
qpace  of  some  days,  1st,  water,  and  a  sulphu- 
retted hydrosulpburet^  which  is  yellow  and 
soluble;  Sd,  water,  and  a  colourless  hydro- 
sulphite,  wldch,  if  its  base  be  potash,  soda,  or 
ammonia,  remains  in  solution  in  the  water ; 
but  which  falls  down  in  acicular  crystals,  if 
its  base  be  baryta,  strontia,  or  lime. 

The  acids  in  general  combine  with  the 
base  of  the  hydrosulphurets,  and  disengage 
sulphuretted  hydrogen  with  a  lively  efferves- 
cence, without  any  deposition  of  sulphur,  un- 
less the  acid  be  in  excess,  and  be  capable, 
like  the  nitric  and  nitrous  acid,  of  yielding  a 
portion  of  its  oxygen  to  the  hydrogen  of  the 
sulphuretted  hydrogen. 

The  hydrosulphurets  of  potash,  soda,  am- 
ttionia,  lime^  and  magnesia,  are  prepared  di- 
rectly, by  transmittiag  an  excess  of  sulphu- 
vetted  hydrogen  gas  through  these  bases,  dis- 
solved or  diffused  in  water. 

The  composition  of  the  bydrosolphwrets  is 
such,  that  the  hydrogen  of  the  sulphuretted 
hydrogen  is  to  the  oxygen  of  the  oxide  in  the 
same  ratio  as  in  water.  Hence,  when  we 
calcine  the  hydrosulphurets  of  iron,  tin,  &c. 
we  convert  them  into  wat0r  and  sulphurets. 
Hjfdrosulphurel  of  ftatash  crystallises  in 
four-sided  prisms,  terminated  by  four-sided 
pyramids.  Its  taste  is  acrid  and  bitter :  ex- 
posed to  the  air,  it  attracts  humidity,  absorbs 
oxygen,  passes  to  the  state  of  a  sulphuretted 
hydrosulphuret,  and  finally  to  that  of  a  hy- 
drosulphite.  It  is  extremely  soluble  in  water  ; 
its  solution  in  this  liquid  occasions  a  per* 
ceptible  refrigeration.  Subjected  to  heat,  it 
evolves  much  sulphuretted  hydrogen,  and  the 
hydrasulphuret  passes  to  the  state  of  a  sub- 
faydrosulphuret 

Hydrosulphuret  of  toda  crystallises  with 
more  difficulty  than  the  preceding. 

Hydrotulphuret  of  ammofiia  is  obtained 
by  the  direct  union  of  the  two  gaseous  con- 
stituenU  in  a  glass  balloon,  at  a  low  tempera- 
ture. As  soon  as  the  gsses  mingle,  transpa- 
rent white  or  yellowish  crystals  are  formed. 
When  a  mere  solution  of  this  hydrosulphuret 
is  wished  fbr  medicine  or  analysis,  we  pass  a 
current  of  sulphuretted  hydrogen  through 
aqueous  ammonia  till  saturation. 

The  pure  hydrosulphuret  is  white,  trans- 
parent, and  crystallized  in  needles  or  fine 
plates.  It  is  very  volatile.  Hence,  at  ordi- 
nary temperatures,  it  gradually  sublimes  into 
the  upper  part  of  the  phials  in  which  we  pre- 
serve it.  We  may  also,  by  the  same  means, 
separate  it  from  the  yellow  sulphuretted 
hydrosulphuret  with  which  it  is  occasionally 
mixed.  ■  When  exposed  to  the  air,  it  absorbs 
oiygen,  passes  to  the  state  of  a  sulphuretted 
hydrosulphuret,  and  becomes  yellow.    When 


it  contains  an  excess  of  ammonia,  it  dissolves 
speedily  in  water,  with  the  production  of  a 
very  considerable  cold. 

Sub-hydrosuiphuret  tf  baryta  is  prepared 
by  dissolving,  in  five  or  six  parts  of  boiling 
water,  the  sulphuret  of  the  euth  obtained  by 
igniting  the  sulphate  with  charcoal.  The 
solution  being  filtered  while  hot,  will  deposit, 
on  cooling,  a  multitude  of  crystals,  which 
must  be  drained,  and  speedily  dried  by  pres- 
sure between  the  folds  of  blotting  paper.  It 
crystallizes  in  white  scaly  plates.  It  is  much 
more  soluble  in  hot  than  in  cold  water.  Its 
solution  is  colourless,  and  capable  of  absorb- 
ing, at  the  ordinary  temperature,  a  v(»7  large 
quantity  of  sulphuretted  hydrogen. 

Sub-hydrosuiphuret  of  ttrontia  crystallizes 
in  the  same  manner  as  the  preceding.  The 
crystals  obtained  in  the  same  way  must  be 
dissolved  in  water;  and  the  solution  being 
exposed  to  a  stream  of  sulphuretted  hydro- 
gen, and  then  concentrated  by  evaporation  in 
a  retort,  will  afford,  on  cootiog,  crystals  of 
pure  sub-hydrosulphuret. 

Hydrosulphurets  of  lime  and  mngnfsia 
have  been  obtained  only  in  aqueous  solutions* 
The  metallic  hydrosulphurets  of  any  practical 
importance  are  treated  of  under  their  respec- 
tive metals. 

When  we  expose  sulphur  to  the  action  of 
a  solution  of  a  hydrosulphuret,  saturated  with 
sulphuretted  hydrogen,  as  much  more  suU 
phuretted  hydrogen  is  evolved  as  the  tempe* 
rature  is  more  elevated.  But  when  the  so* 
lution  of  hydrosulphuret,  instead  of  being 
saturated,  has  a  sufficient  excess  of  alkali,  it 
evolves  no  perceptible  quantity  of  sulphuret- 
ted  hydrogen,  even  at  a  boiling  heat ;  although 
it  dissolves  as  much  sulphur  as  in  its  state  of 
saturation.  It  hence  follows,  1st,  That  sul* 
phuretted  hydrogen,  sulphur,  and  the  alkalis, 
have  the  property  of  forming  very  variable 
triple  combinations ;  Sd,  That  all  these  com- 
binations contain  less  sulphuretted  hydrogen 
than  the  hydrosulphurets ;  and,  dd,  That  the 
quantity  of  sulphuretted  hydrogen  is  inversely 
as  the  sulphur  they  contain,  and  reciprocally. 
These  compounds  have  been  called,  in  gen^ 
ral,  sulphuretted  hydrosulphurets;  but  the 
name  of  hydrogenated  sulphurets  is  more  par- 
ticularly given  to  those  combinations  which 
are  saturated  with  sulphur  at  a  high  tempe- 
rature, because,  by  treating  them  with  acidsi 
we  precipitate  a  peculiar  compound  of  sul- 
phur and  hydrogen,  of  which  we  shall  now 
treat. 

This  compound  of  hydrogen  and  sulphur 
is  also  called  bydruret  of  sulphur.  It  is 
f<Mined  by  putting  flowers  of  sulphur  in  con* 
tact  with  nascent  sulphuretted  hydrogen. 
With  this  view,  we  take  an  aqueous  solu- 
tion of  the  hydrogenated  sulphuret  of  potash^ 
saturated  with  sulphur,  and  pour  it  gradually 
into  liquid  muriatic  add,  which  seizes  the 
potash,  and  forms  a  soluble  salt,  whilst  th^ 
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sulphur  and  sulphuretted  hydrogen  unites  lall  volatile.     Alkalis  combine  with  it,  ai»  «a  Is 

down  together,  collecting  by  degrees  at  the  neutralise  its  striking  properties     PotaasHB 

bottom  of  the  vessel,  as  a  dense  oil  does  in  resolves  it  into  cyanide  and  sulphurei  of  p»- 

water.     To  presenrethishydruret  of  sulphur,  taasium.     Its  solution,  or  that  of  ks  aevtial 

we  must  fill  with  it  a  phial  having  a  ground  alkaline  salts*  produces  the  aame  red  eoAow 

stopper,  cork  it,  and  keep  it  inverted  in  a  cool  with  persalts  of  iron  as  tho  sii1|iIiih  jiasni 

place.    We  may  consider  this  substance  either  add;  with  which  indeed  it  stftiiiiM  in  aoase 

as  a  combination  of  sulphur  and  hydrogen,  slates  to  be  neatly  identicaL    OxmIo  of  silver 

or  of  sulphur  and  sulphuretted  hydrogen;  but  decomposes  both,  attracting  their  witphw. 

its  properties,  and  the  mode  of  obtaining  it.  It  probably  consists  of  52  cyanogen  and  16 

render  the  latter  the  more  probable  opinion,  of  sulphur ;  being  in  the  ratio  of  two  peve 

The  proportion  of  the  constituents  is  said  to  proportions  of  the  first  to  one  of  tlae  seooad 

be  I  prime  equivalent  of  hydrogen  ss  0. 125  constituent. 
4.  5  of  sulphur,  =s  10.000.  SULPHURETS  OF  ALKALIS  AND 

Tlie  most  interesting  of  the  hydrogenated  EARTHS.    Heretofore  these  were  reckon- 

sulphurets  is  that  of  ammonia.     It  was  di»>  ed  compounds  of  the  alkalis  and  earths  than- 

covered  by  the  Hon.  Robert  Boyle,  and  call-  selves  with   sulphur,   that  is,    solphurelMi 

ed  his  fuming  liquor.     To  prepare  it,  we  oxides ;  but  M.  Berthier  has  proved  that  ihcy 

take  one  part  of  muriate  of  ammonia  and  are  all  true  metallic  sulphurets.    Hi 

of  pulverised  quicklime,  and  half  a  part  of  the  sulphates  of  alkalis  into  sulphinpets^ 

flowers  of  sulphur.     After  mixing  them  in-  by  mixing  them  directly  with  powJenad 

timately,  we  introduce  the  mixture  into  an  coal,  but  by  placing  them  in  the  centre  of  a 

earthen  or  glass  retort,  taking  care  that  none  crudUe^  thidcly  lined  with  charcoal,  coter- 

of  it  remains  in  the  neck.     A  dry  cooled  re-  ing  them  with  the  same  substance^  and  ahtr 

ceiver  is  connected  to  the  retort  by  means  of  having  luted  on  a  cover,  heating  the  whcde 

a  long   adopter-tube.     The  heat  must  be  in  a  ftimace.     In  this  way  the  aolphaftes  are 

urged  slowly  almost  to  redness.    A  yellowish  reduced  by  cementation.     All  arc  rediidbls 

liquor  condenses  in  the  receiver,  which  is  to  at  a  white  heat,  and  when  the  snlphoRt  is 

be  put  into  a  phial  with  its  own  weight  of  fusible  very  quickly.     In  this  way  not  only 

flowers  of  sulphur,  and  agitated  with  it  seven  are  pore  sulphurets  formed,  but  the 

or  eight  minutes.     The  greater  part  of  the  may  be  collected  without  the  mnaileet 

sulphur  is  dissolved,  the  colour  of  the  mix-  its  weight  ascertsined,  and  the  weight 

ture  deepens  remarkably,  and  becomes  thidi,  oxygen  evolved  accuratdy  <^irimatad. 
constituting  the  hydrogenated  sulphuret  If  a  sulphate  of  baryta,  strootia,  or 

The  distilled  liquor  diffuses,  for  a  long  be  thus  reduced  to  a  sulpbueet,  and       _ 

time,  dense  vapour  in  a  jar  full  of  oxygen  or  the  loss  will  be  found  to  equal  exactly  dn 

common  air,  but  scarcely  any  in  asote  or  quantityof  oxygen  contained  in  the  bine  and 

hydrogen ;  and  the  dryness  or  humidity  of  the  add.     If  the  sulphnret  be  diiwwlitd  ai 

the  gases  makes  no  difference  in  the  eff*ects.  dilute  muriatic  acid,  nothing  will  be  fiberaled 

It  is  probably  owing  to  the  oxygen  convert-  but  pure  sulphuretted  hydrogen ;  no  y»'lphnr 

ing  the  liquor  into  a  hydrogeiuted  sulphnret^  will  be  set  £ree,  nor  any  acid  oontaiiui^  sal- 

or  perhaps  to  the  state  of  sulphite,  that  the  phur  and  oxygen  formed.    Finally,  if  a  por- 

vapours  appear.  tion  of  the  nilphuret  be  heated  in  a  oncMe 


Hydrogenated  sulphurets  are  frequently  of  silver,  with  nitre  equal  to  dace  or 

called  hydroguretted  sulphurets.  times  iu  weighty  the  sulphate      _ 

Sulphur  combines  with  carbon,  forming  will  correspond  with  the  quantity  of  aulpharet 

an  interesting  compound,  to  which  the  name  employed,  and  will  contain  neHher  add 

of  sulphuret  of  carbon  is  sometimes  given,  base  in  excess.     These  three 

I  have  described  it  under  the  title  Carbubet  prove  that  the  sulphuret  produced 

OF  Sulphur.     For  the  combinations  of  suU  no  oxygen,  and  consequently  that  the  base 

phur  and  phosphorus,  see  the  latto*  artide.  is  in  the  metallic  state.— sfonrn.  de$  1Am% 

Cyanide  of  Stdpkw  has  been  recently  viL  421. 

formed  by  M.  Lassaigne.     He  put  pulveris.  SULPHURETTED  CHTAZIC  ACIDl 

ed  cyanide  of  mercury  into  a  small  glass  See  Acm  (SuuBUBOmuMc). 

globe,  adding  half  ito  wdgbt  of  bichloride  SULPHURIC  ACID.    See  Acn>(SuL- 

of  sulphur,  closed  the  vessel,  and  left  it  for  PBOUc). 

12  or  15  days  in  common  daylight     Small  SULPHUROUS    ACID.      See    AoD 

crystals,  amounting  in  wdgfat  to  about  one  (Sulphurous). 

twenty-fourth  part  of  the  mixture,  sublimed  SUMACH.     Common  «Mt«T>i  (rhua  co* 

to  the  top  ofthe  globe,  which  bdng  collected,  riaiia)  is  a  shrub  that  grows  naturally  in 

mixed  with  a  little  carbonate  of  limc^  and  re-  Syria,  PMestine,  Spun,  and  PortogaL     In 


sublimed,  were  pure  cyanide  of  sulphur,     the  two  last,  it  is  cultivated  with  great 
This  substance  crystallises  in  fine  rfaomboidal     Its  shoots  are  cut  down  every  year  quite  to 


i 


plates,  resembling  those  of  chlorate  of  pot-     the  root;  and,  after  being  drieid,  they  are  re- 
ash.    It  has  a  very  pungent  taste^  and  is  very     duced  to  powder  by  a  mill,  and  thus  pre^ 
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pared  for  the  ptnrpows  of  dyeing  and  tanning. 
The  sumach  culUmted  in  the  neighbourhood 
of  Montpeilier  is  called  rSdoul,  or  r«udou»  - 
Ifr  Hatcfaett  found,  that  an  ounce  ood» 
tains  about  78  or  79  grains  of  tannin. 

Scnnacb  acts  on  a  solution  of  silver  just  as 
galls  do ;  it  reduces  the  siWer  to  its  metallic 
stated  and  the  reduction  is  fsroured  by  the 
action  of  light 

Of  all  astringents  sumach  bean  the  greatest 
resemblance  to  galls.  The  precipitate^  how- 
ever, produced  in  solutions  of  iron  by  an  in* 
fttsicm  of  it,  is  less  in  quantity  than  what  is 
obtained  by  an  equal  weight  of  galls ;  so  that 
in  most  cases  it  may  be  substituted  for  galls, 
the  price  of  which  is  considerable,  provided 
we  proportionally  increase  its  quantity. 

Sumach  alone  gives  a  iawn  colour,  inclin- 
ing to  green ;  but  cotton  stufis,  which  have 
been  impr^nated  with  printer's  mordant 
that  is,  acetate  of  alumina,  take  a  pretty 
good  and  very  durable  yellow.  An  incon- 
venience is  experienced  in  employing  sumach 
in  tliia  way,  which  arises  fttxn  the  fixed  na- 
ture of  its  colour :  tiie  ground  of  the  stuff 
does  not  lose  its  colour  by  exposure  on  the 
grass,  so  that  it  becomes  necessary  to  im- 
pregnate all  the  stuff  with  different  mordants, 
to  vary  the  colours,  without  leering  any  part 
of  it  white. 

.  SUPERSALT.  A  compound  of  an  add 
and  base,  in  which  the  acid  is  in  excess. 
See  SuBSALT. 

SURTURBRAND.      Fibrous    brown 
coal  or  bituminous  wood,  so  called  in  Ice- 
land, where  it  occurs  in  great  quantities. 
SWAMP   ORE.     Indurated  bog  iron 


SWEAT.  Beside  water  and  carbon,  or 
carbonic  acid  gas,  the  skin  emits  also  a  parti- 
culsr  odorous  substance.  That  every  ani- 
mal has  a  peculiar  smell  is  well  known :  the 
dog  can  discover  bis  master,  and  even  trace 
him  to  a  distance  by  the  scent.  Mr  Cruick- 
sbanks  has  made  it  probable,  that  this  matter 
is  an  oily  substance ;  or  at  least  that  there  is 
an  oily  substance  emitted  by  the  skin. 


The  sweat,  in  a  healthy  state,  very  sen» 
aibly  reddens  litmus  paper  or  infusion.  In 
certain  diseases,  and  particularly  in  putrid 
fevers,  it  b  alkaline ;  yet  its  taste  is  always 
rather  saline,  and  more  similar  to  that  of  salt 
than  acid.  Though  colourless,  it  stains  linen. 
Its  smcU  »  peculiar,  and  insupportable  when 
it  is  concentrated,  which  is  the  case  in  parti- 
cular during  distillation. 

Human  sweat,  according  to  M.  Tbenard^ 
is  formed  of  a  great  deal  of  water  ;  free  ace- 
tous acid  ;  muriate  of  soda ;  some  phosphate 
of  lime,  and  oxide  of  iron ;  and  an  inapprew 
ciable  quantity  of  animal  matter,  which  ap- 
proaches much  nearer  to  gelatin  than  to  any 
other  substance. 

SWINESTONE.  A  variety  of  compact 
lucuUite^  a  sub-species  of  limestone. 

SYLVANITK     Native  tellurium. 

SYLVIUS  (Salt  ofX  or  FEBRIFUGE 
(Salt  of).     Muriate  of  potash. 

SYNOVIA.  Within  the  capsular  liga- 
ment of  the  different  joints  of  the  body  there 
is  contained  a  pecuh'ar  liquid,  intended  evi- 
dently to  lubricate  the  parts,  and  to  fadlifate 
their  motion.  This  liquid  is  known  among 
anatomists  by  the  name  of  synovia. 

From  die  analysis  of  M.  Margueron,  it 
appears  that  synovia  is  composed,  in  100 
parts,  of  the  following  ingredients:^!  1.86 
fibrous  matter,  4w52  albumen,  1.75  muriate 
of  soda,  .71 8oda,.70pbosphateof  lime,  80.46 
water. 

From  the  synovia  of  the  elephant  M. 
Vauquelin  extracted  water,  albumen,  some 
traces  of  white  filaments  having  the  appear* 
ance  of  fibrin,  carbonates  of  soda  and  lime, 
muriates  of  soda  and  potassa.  He  found 
no  phosphate.  Diluted  with  water  it  pre- 
sents nearly  the  same  phenomena  with  re- 
agents as  the  serum  of  blood. 

SYNTHESIS.  The  combination  of  two 
or  more  bodies  of  different  kinds  into  a 
chemical  compound.  It  is  the  inverse  of 
anafywy  which  see. 


T 


TABASHEER.  The  silica  which  is 
found  in  the  hollow  stem  of  the  bamboo  is 
so  named.  Its  optical  properties  are  pe- 
culiar. They  have  been  described  by  Dr 
Brewster,  PhU,  Trans,  1819. 

TABULAR  SPAR,  or  Table  Spar. 
The  schaalatein  of  Werner,  and  prismatic 
augite  of  Jameson. 

Colour  greyish-white ;  massive,  and  in  an- 
gular-granular concreticms ;  shining  pearly ; 
cleavage  double;  firacture  splintery;  trans- 
lucent; harder  than  fluor-spar,  but  not  so 
baid  as  apatite;  brittle;  sp.  gr.  3.8  to  3.5. 
Its  constituents  are^  silica  50,  lime  45,  water 


5.— .STffpfo**.  It  occurs  in  primitive  rocksi, 
at  Orawicza  in  the  Bannat  of  Temeswar, 
where  it  is  associated  with  brown  garnets. 

TACAMAHAC.  A  resin,  baring  the 
aroma  of  musk,  and  soluble  in  alcohol. 

TAFIA.  The  name  of  an  ardent  spirit 
obtained  from  fermented  mdasses. 

TALC.  Of  tins  mineral,  Professor  Ja- 
meson's sixth  sub-species  of  rtiomboidal  mica, 
there  are  two  kinds ;  common  talc,  and  indu- 
rated talc. 

1.  Common  tale.  Colour  greenish-white ; 
masrive,  disseminated  in  plates,  imitative^ 
and  sometimes  crystallized  in  small  six-sided 
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tables  which  mre  druet;  qplendcnt^  pcs'fyy  wtjiatiHty  and  combuaribiKty    it 

•enu-OKCaUic ;  clesTage  angle,  with  cunrcd  naphtha.— -fldiji.  PkiL  Jourtu  xL  214k 
Iblia;  tianslacent;  flexible,  but  not  dartic ;         TALLOW  (PINEY).      A  oooenBle  a. 

yields  to  the  nail ;    perfectly  sectile ;  feeb  flammable  substance,  obtained  by  boiling  a 

very  greasy ;  sp.  gr.  2.77 :   it  whitens,  and  water  the  fruit  of  the  Fateria  Indiem^  a  Ha 

at  length  aflbids  a  small  globule  of  enamel  oommon  on  the  Malabar  const.      It  paBlaia 

before  the  blowpipe.     Its  constituents  are,  of  the  nature  of  both  wax  and  oil,  nod  fiia 

silica  62,  magnesia  27,  alumina  1,5,  oxide  of  its  appearance  may  not  inaptly  be 

iron  3.5,  water  6.-^Faii^iitf&i.     Klaproth  tallow.    It  is  employed  in  the  towa  c£ 


Ibund  2.756f  potash  in  100  parts.    It  occurs  galore  as  an  external  appHcatioD  for 

in  beds  in  mica-slate  and  day-slate.     It  is  and  rheumatic  pains.     It  melts  at  97^^  F.; 

fimnd    in    Aberdeenshire,   Buoffshire,    and  is  generally  white,  sometimes  yellaw,  and  a 

Perthshire.    The  finest  specimens  come  from  greasy  to  the  touch  with  some  degree  sf 

Saltsburg,  the  Tyrol,  and  St  Gothard.     It  waxlness.     Sp.  gr.  0.926  at  60^.      It  a  aa 

is  an  ingredient  in  rouge  for  the  toilette,  soluble  in  alcohol,  which  takes  merely  2  pt 

along  with  carmine  and  benzoin.     Tins  cos-  cent  of  elain.     Fixed  alkalis  aapooify  it.    ii 

metic  communicates  a  remarkable  degree  of  forms  excellent  candles^  coming  freely  fiaa 

softness  to  the  skin,  and  is  not  injurious,  the  mould.     Its  ultimate  constituents 


Hie  flesh  polish  is  giren  to  gypsum  figures,  Carbon,             77.0  =s  10 

by  rubbing  them  with  talc.  Hydrogen,         12.3  :^    9 

2.  Indurated  talc,  or  tah-^UUe.     Colour  Oxygen,             10.7  ^     1 

greenish-grey ;  massive;  fragments  tabular  ;  J>r  Babirngtom^  in  Jomnmltf 

translucent  on  the  edges ;  soft ;  streak  white ;  Science,  xix.  177. 

rather  sectile ;  easily  frangible ;  not  flexible ;  TAMARINDa     Hie  pulp  cotaials,  se^ 

feels  greasy;  sp.  gr.  2.7  to  2.8.     It  occurs  cording  to  Vauquelin,  of  bitsrtnte  of  poisA 


in  primitiTe  mountains,  where  it  fbrms  beds     dOO,  gum  432,  sugar  1152,  jelly  576^ 

in  clay-slate  and  serpentine.     It  is  found  in     acid  664s  tartaric  add  144^  malic  add  41)^ 


Perthshire,  Banfisbire,  the  Shetland  Islands,     feculent  matter  2880,  water  3364^  in  97JS 
and  abundantly  on   the  Continent.     It  u     parts. 

employed  for  drawing  lines  by  carpenters,         TANNIN.     A  peculiar  regetable  princi* 
tailors,  hat-makers,  and  glasiers.— Jamrjon.     pie,  so  ilamed  because  it  is  the  eflfective  wgBA 

TALCITE.  Nacrite  of  Jameson,  and  in  conTerfing  skin  into  leather, 
earthy  talc  of  Werner.  Colour  greenish'*  The  oak  and  its  products,  gall-ants,  &c 
white ;  it  consists  of  sctdy  parts ;  glimmer-  contain  two  kindred  matters,  tannin  and  gat- 
ing, pearly ;  friable ;  feels  very  greasy ;  soils ;  lie  add,  which  seem,  by  the  powers  of  veg». 
it  melts  easily  before  the  blowpipe.  Its  con-  tation,  mutually  convertible.  Tannin  is  amp- 
stituents  are,  alumina  81.75^  magnesia  0.75,  posed  to  be  characterized  by  its  forming  with 
lime  4s  potash  0.5,  water  13.5. — John.  This  gelatin  a  flexible  and  unputrefiable  cons- 
is  a  very  rare  mineral,  occurring  in  Teins,  pound ;  and  by  forming  with  oxide  of  inn 
with  sparry  ironstone  and  galena,  in  the  a  black  combination,  which  having  a  straa^ 
mining  district  of  Freybei^.  affinity  for  cotton,  Unen,  silk,  and  woo|»  is 

'   TALLOW.     See  Fat.  much  used  by  the  dyer. 

TALLOW  (MOUNTAIN).    Spedmens         Hitherto,  tannin  has  been  found  onlyia 
bf  this  substance  were  lately  found  in  a  bog     perennial  plants,  and  chiefly  in  the  mote  dur- 

on  the  borders  of  Loch  Fyne  in  Scotland,  able  parts  of  these.     The  barks  of  ahnoat  dl 

This  curious  mineral  was  first  obsenred  by  trees  and  shrubs  contain  it,  prindpally  in  tla 

some  peasants  on  the  coast  of  Finland  in  parts  nearest  the  wood,  becsuse,  in  the  outcc 

1736 ;  and  it  was  afterwards  found  in  one  of  coats,  it  is  changed  by  the  air.      It  exists  ia 

the  Swedish  lakes.    It  has  the  colour  and  feel  the  roots  of  several  vegetables,  in  the  leases 

of  tallow;  and  is  tasteless.     It  melts  at  118^  of  several  plants,  in  the  envelopes  of  aone 

F.  and  boils  at  290^.     When  melted,  it  is  fruits,  and  also  in  certain  fruits,  especiaUy 

transparent  and  colourless ;  on  coolings  it  be-  before  their  maturity.    It  has  never  been  met 

comes  opaque  and  white,  though  less  so  than  with  in  the  poisonous  plants,  nor  in  such  m 

at  first.     It  is  insoluble  in  water,  but  solu-  contain  elastic  resin  and  milky  juices, 
ble  in  hot  alcohol,  oil  of  turpentine^  olive  oil,         Two  spedes  of  tannin  are  known ;  tbe  one 

and  naphtha ;  but  precipitates  as  these  liquids  precipitates  iron  green,  the  other  black, 
cool.     lu  sp.  grav.  in  the  natural  state  is         Decoetion  of  nut-galls  contains  tannin  with 

0.6078,  but  it  is  then  full  of  air  bubbles,  a  b'ttle  gallic  add,  some  tannates  and  gallatcv 

After  fusion,  its  density  is  0,983»  which  is  of  potash  and  lime,  tannin  altered  into  the 

something  above  ordinary  tallow.     It  does  matter  commonly  called  extractive,  and,  Ist- 

not  combine  with  alkalis,  nor  form  soap,  ly,  a  compound  insoluble  in  cold  water  of 

Thus  it  differs  from  every  class  of  bodies  tannin,  with  perhaps  some  pectic  acid,  whidi 

known :   From  the  fixed  oils,  in  not  saponify-  is  found  especially  in  the  extract  of  oak-faarib 

ing ;  from  the  volatile  oils  and  bitumen,  in  The  best  reagents  for  preparing-  pure  tannin 

bcSig  tasteless  and  destitute  of  smell.     In  are  sulphuric  acid  on  the  one  hand,  and  car- 
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bonate  of  potash  on  the  other.     Tannin  may  then  decomposed  by  sulphuretted  hydro^n. 

be  purified  with  sulphuric  acid,  by  filtering  The  filtered  liquor  is  colourless,  and  leaves^ 

tfarough  linen  a  hot  infusion  of  gall-nuts,  well  hj  evaporation  m  vacuo  over  potash,  tannin 

mixed  with  a  very  small  quantity  of  dilute  m  haid,  light,  yellowish,   and  transparent 

aulphuric  acid.    A  slight  coagulum  is  formed,  scales,  which,  when  exposed  to  the  air,  and 

which,  as  in  clarifying  liquors  with  white  of  particularly  the  sunbeam,  assume  a  deeper 

egg,    envelops  the  matters  suspended,  and  yellow  colour.     When  these  scales  are  dis* 

allows  the  liquid  to  filter  freely.     To  the  solved  in  ether,  some  extractive  remains. 

filtered  solution,  sulphuric  acid  diluted  with  Fh>bably  some  of  the  extractive  is  also  ro. 

half  its  weight  of  water  is  to  be  added,  and  tained  by  the  sulphur  in  the  preceding  pro- 

tfae  precipitate  is  to  be  well  stirred  about:  cess.     Sulphuret  of  mercury  has  been  ob- 

more  acid  is  to  be  poured  in  by  degrees  served  to  possess  the  decolouring  property  of 

while  precipitation  ensues,  and  after  an  hour's  animal  charcoal,  and  to  possess  the  same 

repose,  a  semi-fluid  glutinous  mass  is  formed,  mode  of  action. 

As  soon  as  this  change  is  perceived  to  take         Pure  tannin  is  colourless ;  its  yellow  or 
place,  the  liquid  is  to  be  decanted,  and  mixed  brown  tint  being  due  to  the  influence  of  the 
cautiously  with  some  concentrated  sulphuric  air.    It  is  not  deliquescent,  dissolves  in  water 
acid  till  no  more  precipitate  be  separated,  with  the  greatest  facility,  and  may  be  readily 
In  this  way  we  obtain  a  white  mass  with  a  reduced  to  powder.     It  does  not  possess  the 
yellowish  tint,  which  is  a  combination  of  sul-  property  usually  ascribed  to  it  of  softening 
phuric  add  and  tannin,  insoluble  in  acidified  between  the  fingers.    It  furnishes  no  ammo- 
water.  It  is  to  be  thrown  on  a  filter,  washed  nia  in  distillation,  but  a  yellowish  oil,  and  a 
frith  water,  soured  with  a  good  deal  of  sul-  liquid,  which  on  cooling  lets  fall  crystals  of 
phuric  acid,   pressed  between  the  folds  of  a  different  nature  from  those  of  gallic  add. 
bibulous  paper,  and  then  dissolved  in  pure  These  have  a  burning  taste,  do  not  strike  a 
water,  with  which  it  forms  immediately  a  black  vrith  the  salts  of  iron,  but  give  them  a 
pale  yellow  solution.    To  this,  snutll  portions  yellow-green  tinge,  and  aflTord  a  green-grey 
of  carbonate  of  lead  in  very  fine  powder  predpitate.     The  tannin  of  oak-bark  is  pre- 
beiog  added,  will  saturate  first  of  all  the  free  cipitable  by  most  adds,  except  the  acetic, 
sulphuric  acid,  and  then,  by  a  short  diges-  The  adhesive  predpitate  which  it  affords  with 
tion,  what  was  combined  with  the  tannin :  the  acids,  owes  its  stickiness  chiefly  to  the 
whenever  this  digestion  is  complete,  the  co-  combination  of  add  with  extractive.     When 
lour  becomes  of  a  deeper  yellow  hue.     The  dissolved  in  boiling  water,  the  greater  part 
solution  is  now  to  be  filtered,  and  evaporated  of  the  extractive  separates  during  the  cool- 
to  dryness,  and  best  in  vacuo.     A  hard  ex-  ing,  and  the  tannin  may  be  separated  from 
tract-like  mass  is  thus  obtained,  which  con-  the  cleared  liquor  in  the  way  above  de- 
sists of  pure  tannin,  mixed  with  some  ex-  scribed. 

tractive  formed  by  the  action  of  the  air.  Exactly  saturated  compounds  of  tannin 
This  mass  bdng  powdered,  is  to  be  digested  with  adds  have  no  sour  taste,  but  a  purely 
in  ether  at  a  temperature  of  86^  F.  till  every  astringent  one,  so  that  the  presence  of  ad- 
thing  be  dissolved  that  it  can  take  up.  The  dity  could  not  be  suspected.  In  the  pure 
ether  is  then  to  be  exposed  to  spontaneous  state  they  are  usually  very  soluble  in  water 
evaporation.  The  tannin  will  now  be  left,  and  cannot  be  precipitated  from  it  except  by 
under  the  form  of  a  transparent  mass,  with  a  great  excess  of  add. 
hardly  any  yellow  tint,  and  unchangeable  in  Tannin  forma  with  the  salifiable  bases  very 
the  air.  The  matter  undissolved  by  the  ether  remarkable  compounds ;— that  with  potash  or 
is  a  brown  extractive  substance,  which  is  no  ammonia  in  the  neutral  state  is  but  slightly 
longer  completely  soluble  even  in  water.  soluble  in  cold  water,  and  may  be  predpi- 
Tannin  may  likewise  be  purified  with  car-  tated  in  the  form  of  a  white  earth  •  it  dis- 
bonate  of  potash,  by  mixing  filtered  infusion  solves  in  boiling  water,  and  separates  from 
of  gall-nuts  vrith  a  concentrated  solution  of  it  on  cooling  in  the  shape  of  a  powder,  which 
carbonate  of  potash,  as  long  as  a  white  pre-  when  drained  on  a  filter,  pressed,  and  dried! 
dpiute  falls,  but  no  longer,  because  the  pre-  has  quite  the  aspect  of  an  inorganic  earthy 
dpitate  would  be  redissolved  by  an  excess  of  salt,  and  is  permanent  in  the  air.  When 
alkali.  The  predpitate  must  be  washed  on  kept  moist,  extractive  is  formed  by  the  agen- 
a  filter  with  ice-cold  water,  for  warm  water  cy  of  the  atmosphere.  Tlie  compound  with 
would  carry  it  off*;  and  it  must  be  afterwards  soda  has  the  same  appearance,  but  it  is  much 
dissolved  in  dilute  acetic  add,  which  removes  more  soluble.  It  is  known  diat  tannin  pre- 
a  brown  matter  from  it  This  matter  is  ex-  dpitates  solution  of  tartar  emetic.  This  pre- 
tractive,  formed  during  the  washings  by  the  dpitate  is  remarkable  (rom  a  portion  of  the 
action  of  the  air.  After  filtering  the  solu-  tannin  taking,  in  the  salt,  the  place  of  the 
tion,  the  tannin  is  to  be  predpitated  by  ace-  oxide  of  antimony.  When  infusion  of  gall- 
tate  of  lead ;  and  the  predpitate  is  to  be  well  nuts  is  employed  tor  the  purpose^  the  gallic 
washed,  although  in  thb  operation  its  colour  add  unites  in  preference  with  the  salt,  and 
passes  from  white  to  yellow,  and  it  is  to  be  thus  imitates  the  boractc  add. 
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The  tttiidii  of  cfttech«  msy  be  purifted  tat 
follows -.—Reduce  the  catechu  to  powder* 
and  treat  it  with  hot  water  io  a  cofcred  res- 
■el;  filter  the  loliition  through  linen,  and 
clarify  it  with  a  little  sulphuric  add.  It  is 
now  to  be  raized  with  strong  sulphuric  add 
as  long  as  any  thing  is  sepsrated  from  it»  and 
liM  predpitate  is  to  be  washed  with  add 
water.  When  now  disM^Ted  in  baling  water, 
and  left  to  cool,,  the  compound  of  sulphuric 
add  and  eztrsctiTe  separates  of  a  yellowid^ 
brown  colour.  The  filtered  liquid,  which  is 
red,  is  mixed  with  carbonate  of  lead,  and 
carefully  agitated  till  it  no  longer  disturbs 
the  transparency  of  muriate  of  baryta.  When 
now  filtered  it  retains  scarcely  any  ydlow  tint* 
and  by  eraporstion  m  vacuot  it  leaves  the 
pure  tannin  in  a  yellow,  transparent,  firm, 
and  homogeneous  mass.  This  is  readily  so- 
luble io  water  and  alcohol,  and  eren  slightly 
in  ether.  Its  watery  solution  exposed  to  the 
air  becomes  soon  deep  red  on  the  surfiice^ 
and  in  2i  hours  throughout  its  whole  maas. 
When  now  evaporated,  a  matter  remains 
which  completely  resembles  catediu  in  its 
properties,  which  does  not  dissolve  wholly  in 
cold  water,  and  which  leaves  a  reddiib-brown 
sediment.  Its  combinations  with  the  adds 
are  soluble ;  they  are  not  predpitable  by  pot- 


adi,  INU  by  its 
into  red  cztiactivcw 

Gum  Idnc 
much  from  flie 
be  precipitated  from 
sulphuric  add,  and  nay  be 
Xne  prBC^nt■le^ 
lets  fall  during  the 
tivei,  coolMned  wj 
euppinatant  liquid  is  to  be 
baiyta  water,  taking 
add  ia  thrown  down;  it 
porated  in  i 
substance  is  obtained^ 
ly  sohiUe  in  cold 
ether.  It  has  such  a 
extractive,  that  its 
tancously  tuibid  in  the 
pale  red  matter.    The  snlph 
be  separated  from  it  by 
for  an  almost  blade 
which  holds  lead  in  sdutioD,  and 
evaporation  leaves  a  black  waaUet 
in  cold  water.     Hie  saaae  tUi^ 
when  we  try  to  separate  H 
lead  or  copper,  and  sulphurelscd 
This  tannin  forms  with  the 
luble  predpitatcs ;  but  it  ii 
by  carbonate  of  potash^  or 
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Proportion  of  Tannin  in  different  Vegetable  Products, 


SubfUncM. 

In480byI>ftTj, 

Iaiflbout8o8.b3r 

In  IflOpntslv  ! 

White  inner  bark  of  old  oak. 

72 
77 

21 

Spanish  chestnut, 

63 

30 

Leicester  willow, 

79 

Coloured  or  middle  bark  of  oak. 

10 

1 

Spanish  chestnut. 

14 

Leicester  willow. 

16 

Entire  bark  of  oak. 

29 

Spanish  chestnut. 

21 

Leicester  willow, 

33 

109 

Elm, 

13 

28 

Common  willow, 

11 

boughs,  31 

Sicilian  sumach. 

78 

158 

Malaga  sumach. 

79 

Souchong  tea, 

48 

Green  tea. 

41 

Bombay  catechu. 

261 

Bengal  catechu, 

231 

- 

Nut-galls, 

127 

46 

Bark  of  oak,  cut  in  winter. 

30 

Beech, 

31 

Elder, 

41 

Flumtrae» 

58 

Bark  of  the  trunk  of  wiUow, 

52 

1 

Sycamore^ 

53 

16          j 

Bark  of  birch, 

54 

1 

Chany-lree, 

59 

84 

Sallow, 

59 

1 

Poplar, 

76 

1 
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Subttancei. 

In  -180  hf  DKfj. 

lo  about  8  OK.  by 
Biggins. 

In  100  parts  Iqr 

CadeCdeGaaiin. 

court 

BarkofHaxel, 

79 

Aab, 

82 

Trunk  of  Spanish  chestnut^ 

98 

Smooth  ooiky 

104. 

Oak,  cut  in  ^ring^ 

108 

Root  of  tonnentiJ, 

46 

Cornus  sanguinea  of  Cawid% 

44 

Bark  of  alder. 

36 

Apricot, 

32 

Pomegranate, 

32 

Cornish  cherry-tree, 

19 

Weeping  willoir. 

16 

Bohemian  oUve, 

14 

Tan-dmib,  with  myrtle  leavei. 

13 

Virginian  sumach. 

10 

Gr^  oak. 

10 

Service-tree, 

8 

Rose-chestnut  of  America, 

8 

Rose-chestnnt, 

6 

Rose-chestnut  of  Carolina, 

6 

Sumach  of  Carolina, 

• 

6 

The  above  numbers  cannot  be  regarded  as 
shewing  any  thing  but  the  relative  quantities 
of  tannin  by  the  different  experimenters. 

TANNING.  The  several  kinds  of  leather 
ore  prepared  from  the  skins  of  animak  mi^ 
cerated  with  lime  and  water,  to  promote  the 
separation  of  the  hair  and  wool,  and  of  the 
ftt  and  fleshy  parts;  in  which  lecourse  is  also 
had  to  the  assistance  of  mechanical  pressure, 
scraping,  and  the  Kke.  The  skin,  when  thus 
deprived  of  its  more  putresdble  part,  and 
brought  considerably  toward  the  state  of 
mere  fibre,  is  tanned  by  maceration  with  cer- 
tain astringent  substances,  particularly  the 
bark  of  the  oak-tree. 

Tlie  hide  conasts  almost  wholly  of  gelatin, 
and  all  that  is  necessary  is  to  divest  it  of  the 
hair,  epidermis,  and  any  flesh  or  fiit  adhering 
to  it.  This  is  commonly  done,  after  they 
have  been  soaked  in  water  some  time,  and 
handled  or  trodden  to  cleanse  them  from 
filth,  by  immersing  them  in  milk  of  lime. 
Some,  instead  of  lime^  use  an  acescent  infu- 
sion of  barley  or  rye-meal,  or  spent  tan ;  and 
others  recommend  water  acidulated  with  sul- 
phuric acid.  ISmilar  acidulous  waters  are 
afterward  employed  for  raising  or  swelling 
the  hide,  when  this  is  necessary. 

The  skins,  thus  prepared,  are  finally  to 
undergo  what  is  properly  called  the  tanning. 
This  M  usually  done  by  throwing  into  a  pit 
or  ciitem  made  in  the  ground,  a  quantity  of 
ground  oak-bark  that  has  already  been  used, 
and  on  this  the  skins  and  fresh  bark  in  aker- 
nale  layers,  covering  the  whole  with  half  a 
ibet  oi  tan,  and  treading  it  well  down.  The 
tanning  may  be  accelenrted  by  adding  a  little 
water. 

1^  H.  Davy  observes^  that  leather  slowly 


tanned  in  weak  infusions  of  bark  appears  to 
be  better  in  quality,  being  both  softer  and 
stronger,  than  when  tanned  by  stronger  infti* 
sions;  and  he  ascribes  this  to  the  extractive 
matter  lliey  imbibe.  Hiis  principle,  there- 
fore, affects  the  quality  of  the  material  em- 
ployed in  tanning ;  and  galls,  which  contain 
a  great  deal  of  tannin,  make  a  hard  leather, 
and  liable  to  crack,  from  their  deficiency  of 
extractive  matter. 

TANTALUM  ORE.  See  Obe  of  Tan- 
talum. 

TA  NT  ALUM.  The  metal  already  treat- 
ed of  under  the  name  Columbium. 

TAPIOCA.  A  species  of  starch,  pre^ 
pared  from  the  jatropha  manihot.  See  Cas- 
sava. 

TARRAS,  OR  TERRA&  A  volcanic 
earth  used  as  a  cement.  It  does  not  differ 
much  in  its  principles  from  puzzolana;  but 
it  is  much  more  compact,  hard,  porous,  and 
spongy.  It  is  generally  of  a  whitish-yellow 
colour,  and  contains  more  heterogeneous  par- 
ticles, as  spar,  quartz,  schorl,  &c.  and  some- 
thing more  of  ralcareous  earth.  It  efferves- 
ces with  adds,  is  magnetic,  and  fusible  per 
se.  When  pulverized,  it  serves  as  a  cement, 
like  puBsolana.  It  is  found  in  Germany 
and  Sweden.  See  Ijiie,  Cekbnt,  and  Puz- 
zolana. 

TARTAR  is  deposited  on  the  sides  of 
casks  during  the  feimentation  of  wine;  it 
forms  a  lining  more  or  less  thick,  which  is 
scraped  off^  This  is  called  crude  tartar,  and 
is  sold  in  Languedoc  from  10  to  15  Uvres 
the  quintaL 

All  wines  do  not  affbvd  the  same  quantity 
'Of  tartar.  Neumann  remarked,  that  the 
Hungarian  wines  left  only  a  thin  stratum ; 
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that  the  wines  of  France  afforded  more ;  and 
that  the  Rhenish  wines  afforded  the  purest 
and  the  greatest  quantity. 

Tartar  is  distinguished  from  its  colour  into 
red  and  white :  the  first  is  afforded  by  red 
wine. 

Tartar  is  purified  from  an  abundant  ex- 
tractive principle,  by  processes  which  are  ex- 
ecuted at  Montpellier  and  at  Venice. 

The  following  is  the  process  used  at  Mont- 
pellier:-— The  tartar  is  dissolved  in  water, 
and  suffered  to  crystallise  by  cooling.  The 
crystals  are  then  boiled  in  another  Tessel, 
with  the  addition  of  five  or  six  pounds  of  the 
white  argillaceous  earth  of  Murviel  to  each 
quintal  of  tlie  salt  After  this  boiling  with 
tile  earth,  a  very  white  salt  is  obtained  by 
evaporation,  which  is  known  by  the  name  of 
cream  of  tartar,  or  tlie  acidulous  tartrate  of 
potash. 

M.  Desmaretz  has  informed  us,  that  the 
process  used  at  Venice  consists, 

1.  In  drying  the  tartar  in  iron  boilers. 

2.  Pounding  it,  and  dissolving  it  in  hot 
water>  which,  by  cooling,  affords  purer  crys- 
tals. 

3.  Redissolving  these  crystals  in  water, 
and  clarifying  the  solution  by  whites  of  egga 
and  ashes. 

Tlie  process  of  Montpellier  is  preferable 
to  that  of  Venice.  The  addition  of  the  ashes 
introduces  a  foreign  salt,  which  alters  the 
purity  of  the  product.     See   Agio   (Tar* 

TAAIC). 

TARTAR  (CHALYBEATED).  This 
is  prepared  by  boiling  three  parts  of  the  su- 
pertartrate  of  potash^  and  two  of  iron  filings, 


a 


in  forty-nx  parts  of  water,  till  tlie 
pears  to  be  dissolved.  ^ETie  liquor  is  ila 
filtered,  and  cryistals  are  dey*»iusd  on  eooii^ 
more  of  vrfaidi  are  obtaiiied  hj 
the  evaporation. 

TARTAR  (CREAM  OF)- 
lar  name  of  tfie  purified    sapertartnSe  tf 
potash. 

TARTAR  (CRUDE).  TTie 
trate  of  potash  in  its  natiunal  state, 
has  been  purified.  • 

TARTAR  (EMETIC), 
potash  and  antimony.     See 

TARTAR  OF  THE  TEETH.  Tie 
popular  name  for  the  concretion  that  so  As- 
quently  incrusts  the  teeth,  and  which  eamam 
apparently  of  phosphate  4^  lime. 

TARTAR  (REGENERATED).  A^ 
tate  of  potash. 

TARTAR  (SALT  OF).  The  8ubc» 
bonate  of  potash, 

TARTAR    (SECRET     FOLIATED 
EARTH  OF).     Acetate  of  potash. 

TARTAR  (SOLUBLE).  Neutral  ttr. 
trate  of  potash. 

TARTAR  (VITRIOLATED).  S^ 
phate  of  potash. 

TARTARINE.  Tlie  name  givca  bf 
Kirwan  to  the  v^^etabte  alkali,  or  potaiu 

TARTAROUS  ACID.    SeeAai>(7il. 

TAAIC). 

TA  RTR ATf:.  A  neutral  coapoond  U 
the  tartaric  acid  with  the  baaeu 

TEA.  The  following  interesting  rmki 
of  experiments  on  tea  by  Mr  Brandy  hm 
been  published  by  him  in  his  Jooni^  zb> 
206. 


Soluble 

Soluble 

Predplt 
with 

¥•>«•» 

One  hundred  parts  of  Tea. 

in 

in 

inert 

water. 

Alcohol. 

JeUy. 

Green  Hyson,       14is.  per  lb. 

41 

44 

31 

56 

Ditto,          -         12*. 

34 

43 

29 

57 

Ditto,           -         lOs, 

96 

43 

26 

57 

Ditto,           -           &. 

36 

42 

25 

58 

Ditto,          -           75. 

31 

41 

24 

59 

Black  Souchong,  12s, 

35 

36 

28 

64 

Ditto,           -         I0«. 

34 

37 

28 

63 

Ditto,           -           8*. 

37 

35 

28 

63 

Ditto,           -           7s. 

36 

35 

24 

64 

Ditto,          -           6«. 

35 

31 

23 

65 

TEARS.  That  peculiar  fluid  which  is 
employed  in  lubricating  the  eye,  and  which 
is  emitted  in  considerable  quantities  when  we 
express  grief  by  weeping,  is  known  by  the 
same  of  tears*  For  an  accurate  analysis  of 
this  fluid  we  are  indebted  to  Messn  Fourcroy 
and  Vauquelin. 

The  liquid  called  tears  is  transparent  and 
colourless  like  water;  it  has  scarcely  any 
smell,  but  its  taste  is  always  perceptibly  salt. 
Its  qiecific  gravity  is  somewhat  greater  than 
that  of  distilled  water.     It  gives  to  paper 

6. 


stained  with  the  juice  of  the  petala  of  milloas 
or  violets  a  permanently  green  ooloyr,  sad 
therefore  contains  a  fixeid  alkali*  It  uniMi 
with  water,  whether  cold  -or  hot,  id  all  pn>- 
portions.  Alkalis  unite  with  it  readily,  sod 
render  it  more  fluid.  The  mineral  adds  pco* 
duce  no  apparent  diange  upon  it.  Espesed 
to  the  air,  this  liquid  gradually  evaporaia 
and  becomes  thicker.  When  nearly  reduced 
to  a  state  of  dryness^  a  number  of  cubic 
crystals  form  in  the  midst  of  a  kind  of  BHh 
cilage.     Iliese  crystak  possess  the  propectio 
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cif  tnuriate  of  soda ;  but  they  tSnge  vegetable 
blues  green,  and  therefore  contain  an  excesd 
of  soda.  The  tnudlaginous  matter  acquires 
a  3r6llo>wish  colour  as  it  dries.  ^ 

T^re  are  composed  of  the  following  in- 
gredients :•«- 

I,  Water;  2.  Mucus;  3.  Muriate  of  so- 
da;  4.  Soda;  5.  Phosphate  of  lime;  6. 
Phosphate  of  soda. 

'  The  saline  parts  amount  only  to  about 
0.01  of  the  whole,  or  probably  not  so  much. 
.  TEETH.  The  basis  of  the  substance  tliat 
Ibnns  the  teeth,  like  that  of  other  bones,  (see 
Bone),  appears  to  be  phosphate  of  lime. 
Tlie  enamel,  however,  according  to  Mr 
Hatchett,  differs  from  other  bony  substances 
in  being  destitute'  of  cartilage :  for  raspings 
€]f  enamel,  when  macerated  in  diluted  acids, 
h«  found  were  wholly  dissolved ;  while  rasp- 
ings of  bone,  treated  in  the  same  manner, 
always  left  a  cartilaginous  substance  un- 
touched.    See  BONB. 

TELESIA.     Sapphire. 

TELLURIUM.  Mueller  first  suspected 
the  existence  of  a  new  metal  in  the  aurum 
paradoxicum  or  problematicum,  which  has 
the  appearance  of  an  c»re  of  gold,  though  very 
little  can  be  extracted  from  it  Klaproth 
afterward  established  its  existence,  not  only 
in  this  but  in  some  otlier  TYansylvanian  ores, 
and  named  it  teUurium. 

Pure  tellurium  is  of  a  tin-white  colour, 
▼eiging  to  lead-grey,  with  a  high  metallic 
lustre;  of  a  foliated  fracture;  and  very  brit- 
tle, BO  as  to  be  easily  pulverized.  Its  sp.  gr. 
is  6. 1 1 5.  It  melts  before  ignition,  requiring 
a  little  higher  heat  than  lead,  and  less  than 
antimony;  and,  according  to  Gmelin,  is  as 
volatile  as  arsenic.  When  cooled  without 
agitation,  its  surface  has  a  crystallised  appear- 
ance. Before  the  blowpipe  on  charcoal  it 
bums  with  a  vivid  blue  light,  greenish  on  the 
edges;  and  is  dissipated  in  greyish- white 
vapours,  of  a  pungent  smell,  which  condense 
into  a  white  oxide.  Tliis  oxide  heated  on 
charcoal  is  reduced  with  a  kind  of  explosion, 
and  soon  again  volatilized.  Heated  in  a  glasa 
retort  it  fuses  into  a  straw-coloured  striated 
mass.  It  appears  to  contain  about  16  per 
cent  of  oxygen. 

Tellurium  is  oxidized  and  dissolved  by  the 
principal  acids.  To  sulphuric  acid  it  gives 
a  deep  purple  colour.  Water  separates  it  in 
black  flocculi,  and  heat  throws  it  down  in  a 
white  precipitate. 

With  nitric  acid  it  forms  a  colourless  so- 
lution, which  remains  so  when  diluted,  and 
affords  slender  dendritic  crystals  by  evapora- 
tion. 

The  muriatic  acid,  with  a  small  portion  of 
nitric,  fbrms  a  transparent  solution,  from 
which  water  throws  down  a  white  submu- 
riste.  This  may  be  redissolved  almost  wholly 
by  repeated  affusions  of  water.  Alcohol  like- 
wtse  precipitates  it. 

Sulphuric  acid,  diluted  with  two  or  three 


parts  of  water,  to  which  a  little  nitric  acid 
has  been  added,  dissolves  a  large  portion  of 
the  metal,  and  the  solution  is  not  decomjKMed 
by  water. 

The  alkalis  throw  down  from  its  solutions 
a  white  precipiute,  which  is  soluble  in  all 
the  acids,  and  by  an  excess  of  the  alkalis  or 
their  carbonates.  Hiey  are  not  precipitated 
by  prussiate  of  potash.  Tincture  of  galk 
gives  a  yellow  flocculent  predpitaf e  with  thenn 
Tellurium  is  precipitated  from  them  in  a  me- 
tallic state  by  zinc,  iron,  tin,  and  antimony. 

Tellurium,  fused  with-  an  equal  weight  of 
sulphur,  in  a  gentle  heat,  forms  a  lead-co- 
loured striated  sulphuret.     Alkaline  sulpha- 
rets  precipitate  it  from  its  solutions  of  a  brown 
or  black  colour.     In  this  precipitate  either 
the  metal  or  its  oxide  is  combined  with  sul- 
phur.    Each  of  these  sulphurets  bums  with 
a  pale  blue  flame,  and  white  smoke.     Heated 
in  a  retort,  part  of  the  sulphur  is  sublimcn], 
carrying  up  a  little  of  the  metal  with  it.     It 
does  not  easily  amalgamate  with  quicksilver. 
TELLURETTED  HYDROGEN.  Tel- 
lurium and  hydrogen  combine  to  form  a  gas, 
called  teUureUed  hydrogen.     To  make  this 
compound,  hydrate  of  potash  and  oxide  of 
tellurium  are  ignited  with  charcoal,  and  the 
mixture  acted  on  by  dilute  sulphuric  acid,  in 
a  retort  connected  with  a  mercurial  pneumatic 
apparatus.     An   elastic   fluid  is  generated^ 
consisting  of  hydrogen  holding  tellurium  in 
solution.     It  is  possessed  of  very  singular 
properties.     It  is  soluble  in  water,  and  forms 
a  claret-coloured  solution.     It  combines  with 
the  alkalis.     It  boms  with  a  bluish  flame, 
depositing  oxide  of  tellurium.     Its  smell  is 
very  strong  and  peculiar,  not  unlike  that  of 
sulphuretted  hydrogen.     This   elastic  fluid 
was  discovered  by  Sir  H.  Davy  in  1809. 
When  tellurium  is  made  the  electrical  nega- 
tive surface  in  water  in  the  voltaic  circuit,  a 
brown  powder  is  formed,  which  appears  to  be 
a  solid  combination  of  hydrogen  and  tellu- 
rium.    It  was  first  observed  by  M.  Ritter  in 
1806.     The  composition  of  the  gas  and  the 
solid  hydruret  has  not  been  ascertained.    The 
prime  equivalent  of  tellurium,  according  to 
ISr  H.  Davy,  is  4.93,  reduced  to  the  oxygen 
radix.     Berzelius  makes  the  oxide  of  tellu- 
rium a  compound  of  metal  100  -|-  oxygen 
24.8.     If  we  call  the  oxygen  25,  then  the 
atom  or  prime  would  be  4.     In  this  case  tel- 
luretted  hydrogen,  if  analogous  in  its  consti- 
tution to  sulphuretted  hydrogen,  would  have 
a  sp.  gr.  of  2.2916,  (not  2.3074,  as  Dr  Thorn- 
son  deduces  it  from  the  same  data). 

TEMPERATURE.  A  definite  degree 
of  sensible  heat,  as  measured  by  the  thermo- 
meter. Thus  we  say  a  high  temperature,  and 
a  low  temperature,  to  denote  a  manifest  in- 
tensity of  heat  or  cold ;  the  temperature  of 
boiling  watery  or  212^  Fahr. ;  and  a  range  of 
temperature,  to  designate  the  intermediate 
ptoints  of  heat  between  two  distant  tenns  ts^ 
tbermometric  indication.     According  to  IVI. 
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-Biot,  temptfwimfies  w»  tfiv  dMRcicut  emtfgiet 
of  edmki  ift  dMmtf  curcnrntunces. 

IW  gtnend  doctrines  of  caknric  have  been 
already  fully  treated  of  under  the  articlet 
Caloric,  Combuaiionf  Congelationf  CUmate^ 
land  PyromeUr, 

The  changes  induced  on  matter,  at  difiereot 
temperatures,  relate  either  to  its  magnitude^ 
form,  or  composition.  The  first  two  of  these 
effects  are  considered  under  Expantion,  Cof^ 
erttUg  Temperatures^  and  P^ometer;  the 
third  under  Comhuttiorh  and  the  Individual 
Chemical  Bodiet.  I  shall  here  introduce  some 
lacts  concerning  the  temperature  of  living 
bodies,  and  tliat  of  our  northern  cUmates^  as 
modified  by  the  constitution  of  water. 

The  power  which  .man  possesses  of  resisting 
the  impression  of  external  cold  is  well  known, 
and  fully  exemplified  in  high  latitudes.  That 
of  sustaining  high  heats  has  been  made  the 
subject  of  experiment  On  the  Continent, 
the  girls  who  are  sent  into  ovens  ofWn  endure 
A>r  a  short  period  a  heat  of  300^  F.  and  up- 
wards, if  the  skin  be  covered  with  varnish, 
which  obstructs  the  perspiration,  such  heats, 
however,  become  intolerable.  Dr  Fordyce 
staid  for  a  considerable  time,  and  without 
great  inconvenience,  in  a  room  heated  by 
stoves  to  260°  of  Fahrenheit's  scale.  The 
lock  of  the  door,  bis  watch  and  keys,  lying 
on  the  table,  could  not  be  touched  without 
burning  his  hand.  An  egg  became  hard; 
and  though  his  puke  beat  1^  times  per  mi- 
nute, yet  a  thermometer  held  in  his  mouth 
was  only  29  or  3P  hotter  than  ordinary.  He 
perspired  most  profusely.— *PAi/.  Traru,  vo). 
ei.  and65. 

It  has  been  shown  under  Caloric^  that  fresh 
vrater  possesses  a  maximum  density  about 
2/^  F.  When  its  temperature  deviates  from 
this  point,  either  upwards  or  downwards^  its 
density  diminishes,  or  its  volume  enlarges. 
Hence,  when  the  intensely  cold  air  from  the 
circumr>polar  regions  presses  southwards,  after 
the  autumnal  equinox,  it  progressively  ab- 
stracts the  heat  from  the  great  natural  basins 
of  water  or  lakes,  till  the  ten^niture  of  the 
whole  aqueous  mass  sinks  to  SQJ^'.  At  this 
term  the  refrigerating  Infiuenoe  of  the  atmo- 
sphere incumbent  on  the  water  becomes  near- 
ly null.  For,  as  the  superficial  stratum,  by 
farther  cooling,  becomes  specifically  lighter, 
it  remains  on  the  surface,  and  soon  beo>mes 
a  cake  of  ice»  which  being  an  imperfect  con- 
ductor  of  heat,  screens  the  subjacent  liquid 
water  from  the  cold  air.  Had  water  resembled 
mercury,  oils,  and  other  Uquids,  in  continuing 
to  contract  in  volame,  by  cooling,  till  its  con- 
gelation commenced*  then  the  incumbent  cold 
air  would  have  robbed  the  mass  of  water  in 
a  lake  of  its  caloric  of  fluidity,  by  unceasing 
precipitation  of  the  cold  particles  to  the  bot- 
tom, till  the  whole  sunk  to  32^.  Then  the 
water  at  the  bottom,  as  well  as  that  above^ 
would  have  begun  to  solidify,  and  in  the  course 
of  a  severe  winter  in  these  latitudes,  a  deep 


lake  would  have  beoooe  tliFoti;g^!ianC 

of  ice  never  again  to  be  liquefied.      We 

easily  see,  that  such  frtMRD 

acted  as  centres  of  baleful 

surrounding  country ;  and  thsC  under 

disposition  of  things.  Great  Britain  miHC 

been  another  Lapland.     Nolliii 

more  strikingly  the  beneficent 

Providence,  than  this  pecttliarity  in 

stitotion  of  water,  or  anomaly,  as  k 

rather  preposterously  termed. 

void  of  law  to  unenligliieiied 

as  in  tiie  present  case^  foimd  te  be 

symmetry,  and  truest  order. 

TENACITY.     See  Cohesion. 

TENSION  OF  VAPOURS.     See  Tar 

POITE. 

TENNANTITE.  CokMvw  fi«» 
grey  to  iron-lidaok.  Massive^  but  usoafly 
tallised  in  rhomboidal  dodecahedrons^ 
or  octohedrons.  JSpIendenty 
occasionally  dull;  cleavage 
streak  redctish-grey ;  rather  harder  tbaa  gicy 
copper;  brittle;  sp.  gr.  4375.  It  vieMss 
blue  flame,  followed  by  arsenical 
and  leaves  a  mi^^netical  seoria.  Its 
ents  are,  copper  45.32,  sulphur  SB.  74^ 
nic  11.84,  iron  9.26,  siiica5. — BickmrdPm^ 
lipa.  It  occurs  in  Cornwall  in  OQ|i|»er 
tint  intersect  granite  and  day-el 
atcd  with  common  copper  pyrites*  It  is  a 
variety  of  grey  copper. 

TERRA  PONDEROSA.  See  Hsary 
Spak,  and  Baryta. 

TERRA  JAPONICA.     Catccka. 

TERRA  LEMNI A.     A  red  bcdar 
formeriy  esteemed  in  raedidDe.     See 
NiAN  Earth. 

TERRA  SIENNA.  A  brown  befe, 
ochre,  with  an  orange  cast,  brongfat 
Sienna  in  Italy,  and  used  ia  peiBtb^  bedi 
raw  and  burnt.  When  burnt,  it  becenes  ef 
a  darker  brown.  It  resaals  the  fire 
time  without  fusing.  It 
tongue  very  forcibly. 

TERRE  VERTE.     This  is 
pigment,  and  contains  iron  in 
state,  mixed  with  day,  and 
chalk  and  pyrites. 

TEST.    In  chemistry,  any 
added  to  a  substance^  teaches  us  to  distinginh 
its  chemical  nature  or  compositian. 

TH  ALLITE.     Epidote  or  pisiacite. 

THERM  O-  ELECTRO.  MAGNET- 
ISM.  M.  Seebeck  discoveted  thai  an  dec 
trical  current  can  be  established  in  a  diemt 
formed  exdusivdy  of  sdiid  oonducton,  by  dis- 
turbing merely  the  equilibrium  of  temperatara 
These  constitute  the  subject  called  by  dn 
above  d^iomination.  MM.  Fourier  and  Oer- 
sted endeavoured  to  ascertain  whether  die 
thermo-electric  effects  may  be  increased  by  the 
alternate  repetition  of  ban  of  difierent  nnte- 
rials.  Their  first  apparatus  waa  composed  of 
three  liars  of  bismudi  and  three- of  antimoiiy, 
soldered  alternately  together,  so  as  to  Icna  a 
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'bezagODy  oonstitutingatfacnno-clectriccireuit, 
•  "which  includes  three  elements,  or  three  pah% 
The  length  of  the  hare  was  about  4i.7  inches, 
tiicir  brradth  0.6  of  an  inch,  and  their  thick- 
nces  0. 16  of  an  inch.  This  circuit  was  pot 
upon  two  supports,  and  in  a  horisontal  posi- 
tion, observing  to  give  to  one  of  the  sides  c^the 
bongon  the  direction  of  the  magnetic  needle. 
A  fompasTi  needle  was  then  placed  below  this 
aicie^  and  as  near  it  as  possiUe.  On  heating 
one  of  the  tolderingt  with  the  flame  of  a  lamp, 
tbej  produced  a  Tery  sensible  effect  on  the 
needle.  On  lieating  two  solderings  not  con- 
tiguous, the  deviation  became  considerably 
greater ;  and  on  heating  the  three  ahernate 
ones,  a  still  greater  effect  was  produced.  They 
likewise  made  use  of  an  inverse  process ;  that 
is  to  say,  they  reduced  to  329  F.  by  melting 
ice^  the  temperature  of  one  or  more  solder- 
ings of  the  circuit.  In  this  case  the  solder- 
ings not  cooled  must  be  regarded  as  heated  in 
reference  to  the  others.  By  combining  the 
action  of  the  ice  with  that  of  the  flame,  vis. 
by  heating  three  solderings,  and  cooling  the 
other  three,  the  deviation  of  the  needle  amount- 
ed  to  60^.— ^nn.  de  Chim.  et  de  Pftyt.  xxii. 
375.     Joumnl  ofSeitnce^  zvi.  126. 

THERMOMETER.  An  instrument  fbr 
ineasuring  heat,  founded  on  the  principle, 
that  the  expansions  of  matter  are  propor- 
tional to  the  augmentations  of  temperature. 
With  regard  to  aeriform  bodies,  this  princi- 
ple is  probably  well  founded;  and,  hence, 
our  common  thermometers  may  be  rendered 
just  by  reducing  their  indications  to  those  of 
an  air  thermometer.  Solids,  and  still  more 
liquids,  expand  unequally,  by  equal  incre- 
ments of  heat,  or  intervals  of  temperature. 
With  regard  to  water,  alcohol,  and  oils,  this 
inequality  is  so  considerable  as  to  occasion 
their  rejection  for  purposes  of  exact  thermo- 
metry. But  we  have  shown  that  mercury  ap- 
proaches more  to  solids  than  ordinary  liquids 
in  its  rate  of  expansion,  and  hence,  as  well  as 
frcnn  its  remaining  liquid  through  a  long  range 
of  temperature^  it  is  justiy  preferred  to  the 
above  substances  for  thermometric  purposes. 
A  common  thermometer,  therefore,  is  merely 
a  vessel  in  which  very  minute  expansions  of 
mercury  may  be  rendered  perceptible;  and, 
by  certain  rules  of  graduation,  be  compared 
with  expansions  made  on  the  same  liquid  by 
other  observers.  The  first  condition  is  fui- 
Ulled  by  connecting  a  narrow  glass  tube  with 
a  bulb  of  considerable  capacity,  filled  with 
quicksilver.  As  this  fluid  metal  expands 
l-63d  by  being  heated  in  glass  vessels,  horn 
the  melting  point  of  ice  to  the  boiling  point 
of  water,  if  10  inches  of  the  tube  have  a  ca- 
pscity  equal  to  l-69d  of  that  of  the  bulb,  it 
is  evident  that,  should  the  liquid  stand  at  the 
beginning  of  the  tube  at  32°,  it  will  rise  up 
and  occupy  10  inches  of  it  at  212**.  Hence, 
if  the  tube  be  uniform  in  its  calibre,  and  the 
shove  space  be  divided  into  equal  parts  by 


an  attached  scaler  then  we  shall  have  a  cen- 
tigrade or  Fahrenheit's  thermometer,  accord- 
ing as  the  divisions  are  100  or  180  in  number. 
Such  are  the  general  principles  of  thermome- 
tric construction.  But  to  make  an  exactinstni- 
ment,  more  minute  investigation  is  required. 

The  tubes  drawn  at  glass-houses  for  mak- 
ing thermometers  are  all  more  or  less  irre- 
guhur  in  the  bore,  and  for  the  most  part  co- 
nical. Hence,  if  equal  apparent  expansions 
of  the  included  mercury  be  taken  to  repre- 
sent equal  thermometric  intervals,  these  equal 
expansions  will  occupy  unequal  spaces  in  an 
irregular  tube.  The  attached  scale  should 
therefore  correspond  exactiy  to  these  tubular 
inequalities ;  or  if  the  scale  be  uniform  in  Its 
divisions,  we  must  be  certain  that  the  tube 
ia  absolutely  uniform  in  its  calibre.  I  may 
join  the  authority  of  Mr  Trougfaton's  opi- 
nion to  my  own,  for  affirming,  that  a  tube  of 
a  truly  equabia  bore  is  seldom  or  never  to  be 
met  with.  Hence  we  should  never  construct 
our  thermometers  on-  that  supposition. 

The  first  step  in  the  formation  of  this  in- 
strument, therefore,  is  to  graduate  the  tube 
into  spaces  of  equal  capacity.  A  small  caout- 
chouc bag,  with  a  stopcock  and  noasle  ca- 
pable of  admitting  the  end  of  the  glass  tube 
when  it  is  wrapped  round  with  a  few  folds  of 
tissue  paper,  must  be  provided ;  as  also  pure 
mercury,  and  a  sensible  balance.  Having 
expelled  a  little  air  from  the  bag,  we  dip  the 
^d  of  the  attached  glass  tube  into  the  mer- 
cury, and  by  the  elastic  expansion  of  the 
caoutchouc,  we  cause  a  small  portion  of  the 
liquid  to  rise  into  the  bore.  We  then  sliut 
the  stopcock,  place  the  tube  in  a  horiiontal 
direction,  and  remove  it  from  the  bag.  The 
column  €^  mercury  should  not  exceed  half 
an  inch  in  length.  By  gentiy  inclining  the 
tube^  and  tapping  it  witii  our  finger,  we  bring 
the  Aiercury  to  about  a  couple  of  inches  from 
the  end  where  we  mean  to  make  the  bulb,  and, 
.with  a  file  or  diamond,  mark  there  the  initial 
line  of  the  scale.  The  slip  of  ivory,  braas^ 
or  paper,  destined  to  receive  the  graduations, 
being  laid  on  a  table,  we  apply  the  tube  to  it; 
so  that  the  bottom  of  the  column  of  mercury 
coincides  with  its  lower  edge.  With  a  fine 
point,  we  then  mark  on  the  scale  the  other 
extremity  of  the  mercurial  column.  Inclin- 
ing the  tube  gently,  and  tapping  it,  we  cause 
the  liquid  to  flow  along  till  its  lower  end  is 
placed  where  the  upper  previously  stood. 
We  apply  the  tube  to  the  scale,  taking  cartf 
to  make  its  initial  line  correspond  to  the  edge 
as  before.  A  new  point  for  measuring  equal 
capacity  is  now  obtained.  We  thus  proceed 
till  the  requisite  length  be  graduated ;  and  we 
then  weigh  the  mercury  with  minute  preci-' 
sion. 

The  bulb  is  next  formed  at  the  enameller*s 
blowpipe  in  the  usual  way.  One  of  a  cy- 
lindrical fut  conical  shape  is  preferable  to 
a  sphere,  both  for  strength  and  sensibility. 
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We  Mnr  Mccvlain,  and  aoto  down  it»  wc^^t.  boilii^  wato*  at  our  command, 

A  tobalar  eoil  of  paper  is  to  be  tied  to  tba  maj  dinpemf  with  the  weig|liiD|( 

■Modiof  dietobc^miiigiBaluiinel-lbraiian  By  plunging  the  inatnmieot  into 

inch  or  two  above  it.     Into  this  we  poor  ie>  iet,  and  then  into  boiling 

chmI J  bcaled  macmrj ;  and  applying  die  bow  many  of  onr  initial  ipa 

ynllg  beat  of  a  lamp  to  tfae  bulb,  we  ezpd  oonespond  to  that  interval  of  U 

.m,  povtion  of  the  air.     On  allowing  the  bnlb  and  we  lubdivide  them  acoavdin|^j.     If  dn 

.to  oool,  a  portion  of  the  roercnrj  will  de-  tube  be  very  unequable,  we  BBUst 


into  it,  c<wi«e|MWMliiig  to  tbe  «pamtity  date  even  our  subdiviaicMS  to  its  irr^ubn- 

of  air  previously  expelled.    Hae  bulb  is  now  ties,  fior  which  purpose  tbe  eye  is  a  snIBcifnt 

to  be  bested  over  the  lamp  till  tbe  included  guide. 

boil  briikly  for  some  time.     On  re-  Ihermomeftcn  are  used  for  two  d^faent 


it,  tbe  «piicfcalver  will  descend  from  puipoees,  each  of  which  reqnirea  pecuiiv 

tbe  paper  funnel,  and  completely  fill  the  bulb  adaptation.     Hiose  employed   in   meteoro- 

and  stem.     Should  any  vesideof  air  appear,  logy,  or  for  indicating  almoBpherical  temps- 

the  ptoeess  of  beating  or  boiling  must  be  re-  ratuic^  are  wholly  plunged  in  the  fluid  ;  mi 

peated,  with  tfae  precaution  oi  keeping   a  hence  the  stem  as  well  as  the  bulb  are  eqpudly 

column  of  supevinrambent  mercury  in  the  affected  by  tbe  calorific  energy.     But  wha 

paper  fimneL    When  the  temperature  of  the  the  chemist  wishes  to  ascertain  the  tempers- 


bulb  has  sunk  to  nearly  that  of  boiling  water,  tore  of  corrosive  liquids,  or  bland  liqoidi 

it  may  be  immened  in  melting  ice.    Tbe  lun-  highly  heated,  he  can  immerse  merely  the 

nel  and  ite  mercury  are  then  to  be  removed,  bulb  and  the  naked  part  q£  tbe  stem  under 

and  the  bulb  is  to  be  plunged  into  boiUng  the  scale.     Tbe  portion  of  tbe  tobe 


About  l-63d  of  the  included  mereury  ponding  to  the  sole  is  not  influenced  by  the 

will  now  be  eipeUed.     On  cooling  the  in-  heat,  asin  the  former  case;  and  hence,  1>63(1 

einuneni  again  In  melting  ice,  the  sero  point  part  of  the  mercury,  which  at  38^  F.  was 

^  tbe  centigrade  scaler  corresponding  to  3SP  acted  on,  has  at  21 2<*  escaped  from  its  ia. 

of  Fahrenheit,  will  be  indicated  by  the  top  of  fluence.     (MM.  Dulong  and  Petit  make  it 

tbe  mercurial  column.     This  point  must  be  l-64k8th  between  32?  and  212o  ;  see  Calo- 

•noted  with  a  scratch  on  the  glasB,  or  else  by  uc)    Hence  I  conceive^  that  a  meteoiolflgp. 

a  mark  on  the  prepared  snle^     We  then  cal  and  a  chemical  thermometer  ought  lo  be 

gh  the  whole.  graduated  under  tfae  peculiar  conditions  ia 

We  have  now  sufficient  data  for  compleU  which  they  are  afterwards  to  be  used.     The 


ing  tbe  graduation  of  the  instrument  from     former  should  have  its  stem  surrounded 
fixed  point;  and  in  hot  dimates,  and     the  steam  of  boiling  water,  iHiile  its  bnlb  is 


other  sitoations,  where  ice^  for  example,  can-  immersed  an  inch  or  two  beneath  tbe  sat- 

not  be  conveniently  procured,  this  fiidllty  of  face  of  that  liquid,  tbe  barometer  bairii^  at 

ftmning  an  exact  thermometer  is  important  the  time  an  altitude  of  30  inches. 
We  know  the  weight  of  the  whole  included         For  ascertaining  the  boiling  point  on  a 

mercury,  and  that  of  each  gradus  of  thestem.  thermometer  stem,  I  adapt  to  the  mouth  of 

And  as  from  32°  to  212<*  F.  or  from  QP  to  a  tea-kettle  a  cylinder  of  tin-plat^  the  top  of 

JOO**  Cent,  corresponds  to  a  mercurial  expan-  which  contains  a  perforated  c»rk.     Tfaroog|i 

sion  in  glass  of  l-63d,  we  can  easily  compute  this  tbe  glass  tube  can  be  slid  to  any 


how  many  of  our  graduating  spaces  are  con-  nient  point ;  while  tbe  tin  cylinder  may  also 

tained  in  the  range  of  temperatore  between  be  raised  or  lowered,  till  the  bulb  rest  an  indi 

freeaing  and  boiling  water.    Thus,  supposing  beneath  the  water.     Tbe  nozsle  of  tbe  kettle 

the  mercurial  contents  to  be  378  grains,  is  shut  with  the  cork';  and  at  the  top  of  the 


l-63d  of  that  quandty,  or  6  grains,  corres-  cylinder,,  a  side-hole  for  escape  of  the 

pond  to  180  of  Fahrenheit's  degrees.     Now,  left,    if  the  barometer  difTers  from  30  by  one 

if  the  initial  measuring  column  were  0.6  of  a  inch,  then  the  boiling  point  of  water  will  diHer 

grain,  then  10  of  these  spaces  would  coropre-  by  1.92<)  F.     Or  1''  F.  by  Mr  Wollastoo, 

bend  the  range  between  freezing  and  boiling  corresponds  to  a  difference  of  0.589  of  bnio- 

water.     Hence,  if  we  know  tfae  boiling  point,  metric  pressure.     When  tfae.  barometer,  for 

we  can  set  off  the  freezing  point ;  or,  from  example,  stands  at  29  inches,  water  boils  at 

the  temperature  of  the  living  body,  98°  F.,  2ia08  F. ;  and  when  it  sUnds  at  3i  inches, 

vre  can  set  off  both  the  freezing  and  boiling  the  boiling  temperature  is  213.92.    ParticB- 

points  of  water.     In  the  present  case,  we  lar  attention  must  be  paid  to  this  source  of 

must   divide  each   space  on  our  prepared  variation. 

scale  into  18  equal  parts,  which  would  con-  A  thermometer  for  chemical  experiment 

stitate  d^rees  of  Fahrenfaeit ;   or  into  10  should  have  its  boiling  point  detenntned,  by 

equal  parts,  which  would  constitute  centi-  immersion  only  of  the  bulb,  and  tbe  naked 

grade  degrees ;  or  into  8,  which  would  form  portion  of  its  stem  below  the  scale,  in  boilini^ 

Reaumur's  degrees.    I  have  graduated  ther-  water.     It  is  surely  needless  to  say,  that  the 

mometers  in  tltis  way,  and  have  found  them  water  ought  to  be  pure,  since  the  presence  of 

to  be  very  correct.     When  we  have  ice  and  saline  matter  affects  its  boiling  tempemtuie  ; 
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and  it  ought  to  be  contained  in  a  metallic 
Tesiel. 

'  Before  sealiikg  up  thd  end  of  the  tube,  we 
should  draw  it  into  a  capillarj  point,  and  heat 
the  bulb  till  the  mercury  occupy  the  whole  of 
the  Item.  A  touch  of  the  blowpipe  flame  on 
the  capillary  glass  will  instantly  close  it,  and 
exdude  the  air  from  re-entering  when  the 
bulb  becomes  cool.  If  this  hss  been  skilAilly 
executed,  the  column  of  mercury  will  move 
rapidly  from  one  end  of  the  tube  to  the  other, 
when  it  is  inverted  with  a  jerk.  An  ivory 
scale  is  the  handsomest,  but  the  most  ex- 
pensiTe.  Those  used  in  Psris  consist  of  a 
narrow  slip  of  paper,  enclosed  in  a  glass  tube^ 
which  is  attached  in  a  parsllel  direction  to  the 
thermometer  stem.  It  is  soldered  to  it  above, 
by  the  lamp,  and  hooked  to  it  below,  by  a  ring 
of  glass.  Such  instruments  are  very  conve- 
nient for  corrosive  liquids ;  and  I  find  them 
not  diflScult  to  construct. 
•  In  treating  of  the  measure  of  temp«iiture 
under  Caloric,  I  have  endeavoured  to  show, 
tiiat  were  the  whole  body  of  the  thermometer, 
stem  and  bulb,  immersed  in  boiling  mercury, 
it  wonld  indicate  35°  more  than  it  does  on  the 
supposition  of  the  bulb  alone  being  subjected 
to  Uie  calorific  influence,  ss  takes  place  in 
common  experiments.  But  MM.  Dulong 
and  Petit  state,  that  it  ought  to  indicate 
680<*  in  the  former  case,  while  Mr  Crich. 
ton  shows  that  it  actually  indicates  656^  in 
the  latter,  giving  a  difference  of  only  24f 
instead  of  35^.  This  discordance  between 
fact  and  theory  is  only  apparent;  for  we 
must  recollect  that  mercury  being  an  excel- 
lent conductor  of  heat,  will  communicate  a 
portion  of  that  expansive  energy  from  the 
innneised  bulb  to  the  mercury  in  the  stem, 
which  will  be  retained,  in  consequence  of 
glass  being  a  very  imperfect  conductor  of 
heat.  Hence  we  may  infer,  that  but  for 
this  connnunication  of  heat  to  the  stem,  a 
thermometer,  whose  bulb  alone  is  plunged  in 
boiling  mercury,  would  stand  at  645^  P.,  or 
17°  Mow  the  true  boiling  temperature  by 
an  air  thermometer,  according  to  MM.  Du- 
long and  Petit  If  we  take  the  mean  ap. 
parent  expansion  of  mercury,  in  glass,  for 
180^,  between  3129  and  662°,  as  given  by 
these  chemists  at  1.64th ;  then  the  above  re- 
duction would  become  34.4^  instead  o£  359, 
an  inconsiderable  difference. 

In  consequence  of  this  double  compensa- 
tion, a  good  mercurial  thermometer,  as  con- 
structed by  Crichton,  becomes  an  almost 
exact  measure  of  temperature,  or  of  the  rela- 
tive apparent  energies  of  caloric. 

At  the  end  of  the  Dictionary  a  table  of 
reduction  is  given  for  the  three  thermometric 
scales  at  present  used  in  Europe;  that  of 
Reaumur,  Celsius  or  the  centigrade,  and 
Fahrenheit  llie  process  of  reduction  is 
however  a  very  simple  case  of  arithmetic 
To  convert  the  centigrade  interval  into  the 


Fahrenheit,  we  multiply  by  1.8  or  by  6  and 
0.3y  marking  off  the  last  figure  of  the  pro^ 
duct  as  a  decimal.  Thus  an  interval  of  17^ 
centigrade  :a  17°  X  6  X  0.3  ss  one  of 
30.6°  Fahrenheit  But  as  the  former  scale 
marks  the  melting  of  ice  0°,  and  the  latter 
32°,  we  must  add  32  to  30.6°  to  have  the 
Fahrenheit  number  =s  62.6°. 

Another  form  of  the  same  rule  of  con- 
versicm  is,  from  double  the  centigrade  inters 
val  subtract  one^fifth,  the  remainder  is  the 
Fahrenheit  interval.  Thus,  from  the  double 
of  17°  as  34°,  subtract  y  =  3.4,  the  re- 
mainder  30.6  is  the  corresponding  interval 
on  Fahrenheit's  scale.  To  convert  the  Fah- 
renheit intervals  into  the  centigrade,  divide 
by  6  and  by  0.3,  and  mark  off*  the  decimal 

95° 
point  thus :  95°  F.  s=s         ^     ss  52.77°  C. 

When  we  wish  to  reduce  a  Fahrenheit 
number  to  a  centigrade,  we  must  begin  by 
deducting  the  32°  which  the  former  is  in  ad- 
vance over'the  latter,  at  the  melting  of  ice, 
or  zero  of  the  French  scale.  Thus,  to  con- 
vert 95°  F.  to  the  centigrade  scale,  95^  — 

All  versed  in  arithmetical  reduction  know 
how  advantageous  it  is  to  confine  it  if  pos- 
sible to  one  rule,  and  not  to  blend  two  or 
more.  Hence  the  ordinary  rule  of  multi- 
plying by  9,  and  dividing  by  5»  to  bring  the 
Fahrenheit  to  tlie  centigrade  intervals,  seems 
leas  convenient  than  the  preceding.  With 
regard  to  the  Reaumur  scale,  however,  which 
is  now  of  rare  occurrence,  we  may  employ 
the  usual  proportion  of  9  to  4^  or  to  the 
double  add  one-fourth :-«» 

F.  ss  9-4ths  R.  and 
R.=s4-9thsF. 
Tliese  are  the  relations  of  the  intervals. 

We  must,  however,  attend  to  the  initial 
32°  of  Fahrenheit 

^_F°>-3ao 

"**"    6X0.3 
F°r=  (C°  X  6  X  0.3)  +  32° 

F°=f  R+32° 
R° 

^—0.8 

R<'as0.8X  C". 
In  the  i5tb  volume  of  the  Phil.  Maga- 
zine, Mr  Crichton  of  Glasgow  haa  described 
a  self-registering  thermometer  of  his  inven- 
tion* consisting  of  two  oblong  slips  of  sted 
and  sine*  firmly  fixed  together  by  their  foces; 
so  that  the  greater  expansion  or  contraction 
of  the  sine,  over  those  of  the  steel,  by  the 
same  variations  of  temperature^  causes  a 
flexure  of  the  compound  bar.  As  this  is 
secured  to  a  board  at  one  end,  the  whole 
flexure  is  exerdaed  at  the  other,  on  the  short 
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arm  of  a  lerer  index,  the  free  eztremitj  of 
which  moves  along  a  graduated  arc  The 
instrument  is  originally  adjusted  on  a  good 
mereurial  thermometer ;  and  the  movementa 
of  the  arm  are  registered  by  two  fine  wires, 
which  are  pushed  before  it,  and  left  at  the 
maximum  deviation  to  the  right  or  left  of 
the  last  observed  position  or  temperature. 
Tlie  principle  is  obviously  that  of  Arnold's 
compensation  balance  for  chronometers. 

An  exquisite  instrument  on  the  same  prin- 
ciple has  been  invented  by  M.  Breguet, 
member  of  the  Academy  of  Sciences,  ai«l 
Board  of  Longitude  of  France.  It  con- 
sists of  a  narrow  metallic  slip,  about  1-lOOth 
of  an  inch  thick,  composed  of  silver  and 
platina,  soldered  together;  and  it  is  coiled 
in  a  cylindrical  form.  The  top  of  this  spiral 
tube  is  suspended  by  a  brass  arm,  and  the 
bottom  carries,  in  a  horisontal  position,  a 
very  delicate  golden  needle,  which  traverses 
as  an  index  on  a  graduated  circular  plate. 
A  steel  stud  rises  in  the  centre  of  the 
tube,  to  prevent  its  oscillations  from  the  cen- 
tral position.  If  the  silver  be  on  the  out- 
^de  of  the  spiral,  then  the  influence  of  in- 
creased temperature  will  increase  the  curva- 
ture, and  move  the  appended  needle  in  the 
direction  of  the  coil ;  while  the  action  of 
cold  will  relax  the  coil,  and  move  the  needle 
in  the  opposite  direction.  M.  Breguet  was 
BO  good  as  to  present  me  with  two  instru- 
ments ;  both  of  which  are  perfect  thermo- 
meters, but  one  is  the  most  sensible  which  I 
ever  saw.  For  some  details  concerning  it, 
see  CALOBia  Dr  WoUaston  showed  me  in 
1809  a  slip  of  copper  coated  with  platinum, 
which  exhibited,  by  its  curvature  over  flame^ 
or  the  vapour  of  water,  the  expanding  in- 
fluence of  heat,  in  a  striking  manner.  For 
other  facts  concerning  &e  measurement  of 
heat,  see  Caloric. 

TH0M80NITE.  A  mineral  of  the 
zeolite  family,  fbund  in  the  neighbourhood 
of  Kilpatrick  near  Dumbarton.  The  pri- 
mary form  of  its  crystals  is  a  right  rectan- 
gular prism. 

THORINA.  This  new  earth,  recently 
discovered  by  Berselius,  in  a  mineral  he 
calls  thoritet  must  be  distinguished  from  the 
subphosphate  of  yttria,  to  which  compound 
he  had  formerly  by  mistake  assigned  the 
same  name.  Hie  tftoriie  was  discovered  by 
Bsmark,  near  Brevig  in  Norway,  and  sent 
to  the  Swedish  chemist  ibr  examination.  It 
was  compact,  black,  brittle,  and  semi-hard, 
having  the  vitreous  fracture  of  gadolinite,  a 
specific  grav.  of  4.8»  and  affording  a  dark 
brown  powder.  Under  the  blowpipe  it  loees 
water  and  becomes  yellow. 

Tbe  new  earth  is  colourless  and  infusible 
afW  ignition,  insoluble  in  all  acids  except 
the  sulphuric,  and  not  rendered  soluble  in 
other  adds  by  calcination  with  alkalt.  It  h 
insoluble  io  caustic  potash,  but  soluble  in 


tbe  caibooate :  heat  paitialiy  precipil 
solution,  cold  causes  re-diasfdution.      Its 
have  a  pure  styptic  taste.     A 
tion  of  the  sulphate  becomes  a 
by  boiling,  but  it  is  soluble  in  cold 
property  which  particularly  diaractei 
new  earth.     SulphMe  of  potarii 
precipitate  in  the  satnrated  soiutiosi^ 
a  double  salt  soluble  in  cold  water, 
a  charact«r  also  of  the  siJts  of  ceriuos. 
rocyanate  of  potash  precipitates  it  as  it 
yttria. 

Potassium  does  not  reduce  tboriiaa*  bmk 
the  chloride  obtained  in  the 
that  of  aluminum,  b  readily 
with  a  feeble  detonation.  The  product 
pulverulent  grey  metallic 
rapidly  in  muriatic  add,  and  but  alovly  a 
the  sulphuric  and  nitric  acids.  Neitlwr  w» 
ter  nor  metals  act  on  thorinnm.  By  fiie* 
tion  it  acquires  lustre.  It  bama  brilKantly 
in  oxygen  gas  into  thorina,  witfaont  cxWbift- 
ing  fusion.  The  earth  contains  11«8  per 
cent  of  oxygen.  Tkoriie  consists  of  o7j91 
diorina,  ia96  silica,  9.5  water,  a4 
iron,  2.58  lime,  2.39  oxide  of 
and  portions  of  the  oxides  of  uranimn,  lead^ 
and  tin,  with  traces  of  potash,  8od% 
nesia,  alumina,  &c. 

THORITE.     A  new  minenl;  ae 
ceding  article. 

TH  ULITE.  A  hanl  peacb-bloaaon  c». 
loured  mineral,  found  at  Sonland  in  TcSe- 
mark  in  Norway. 

THUMERSTONK     Axinite. 

TILE  ORE.     A  sub-spedes  of 
dral  red  copper  ore. 

TIN  is  a  metal  of  a  yellowisb-white 
lour,  considerably  harder  than  lead,  scaiceiy 
at  all  sonorous,  very  malleable^  though  not 
very  tenadous.  Under  the  hammer  it  is  ax- 
tended  into  leaves  called  tin-finl,  which  wn 
about  one-thousandth  of  an  inch  tfaick,  aad 
might  easily  be  beaten  to  less  than  half  that 
thickness,  if  the  purposes  of  trade  lequiidl 
it  Tbe  process  for  making  tin«>foil  consisls 
simply  in  hammering  out  a  number  of  plats 
of  this  metal,  laid  togetfier  upon  a  smooch 
block  or  plate  of  iron.  Tbe  smallest  sheds 
are  the  thinnest.  Its  spedfic  gravity  is  7.29L 
It  melts  at  about  the  442^  of  Fahrcohcit't 
thermometer ;  and  by  a  eootintianee  of  the 
heat  it  is  slowly  converted  into  a  white  pow- 
der by  oxidation.  Like  lead,  it  is  brittle 
when  heated  almost  to  fuBon,  and  exhibitB  a 
grained  or  fibrous  texture  if  broken  by  the 
blow  of  a  hammer :  it  may  also  be  granv* 
lated  by  agitation  at  tbe  time  of  its  tnunU 
tion  from  the  fluid  to  the  solid  state.  Tbe 
oxide  of  tin  resists  fusion  more  atioDgly 
than  that  of  any  other  metal ;  fiom  which 
property  it  is  usefhl  to  form  an  opaque  white 
enamel  when  mixed  with  pure  glass  in  ib> 
sion.  The  brightness  of  its  snrfkce^  when 
scraped)  soon  goes  off  by  exposure  to  tbe 


TIN. 


7»1 


TIN. 


M 
I 


air  ;  but  it  is  sot  niblKt  to  m«t  tir  ammnm 
by  exposure  to  the  ireMtiw. 

1V>  obtun  pure  tin,  the  metil  thouM  be 
boiled  in  nitric  add,  and  the  oxide  which 
falls  down  reduced  by  heat  in  contact  with 
charcoal,  in  a  covered  crucible. 

There  are  two  definite  combinations  of  tin 
and  oxygen.  The  first  or  protoxide  is  grey ; 
the  second  or  peroxide  is  white.  The  first 
is  formed  by  heating  tin  in  tlie  air,  or  by 
dissolring  tin  in  muriatic  acid,  and  adding 
water  of  potash  to  the  solution  whilst  r^ 
cent,  and  before  it  has  been  exposed  to  air. 
The  precipitate^  after  being  heated  to  white- 
ness to  expel  the  water  of  the  hydrate,  is  the 
pure  protoxide.  It  is  conTertible  into  the 
peroxide  by  being  boiled  with  dilute  nitric 
acid,  dried  and  ignited.  According  to  Sir 
H.  Davy,  the  protoxide  contains  13.5  per 
cent  of  oxygen.  Supposing  it  to  consist  of 
a  prime  equivalent  of  each  constituent,  that 
of  tin  would  be  7.333.  From  the  analyses 
of  Benelius  and  Gay  Lussac,  the  peroxide 
is  composed  of  100  metal  -{-  ^'^  oxygen ; 
and  if  we  regard  it  as  containing  two  primes 
of  the  latter  principle  to  one  of  metal,  the 
prime  of  this  will  be  7.353.  The  mean  may 
be  taken  at  7.35. 

There  ire  also  two  ehtoridet  of  tin.  When 
tin  is  burned  in  chlorine^  a  very  volatile  clear 
U^uor  is  formed,  a  non>conductor  of  electri- 
city, and  which,  when  mixed  with  a  littie 
water,  becomes  a  solid  crystalline  substance^ 
a  true  muriate  of  tin,  containing  tbe  per- 
oxide of  the  metal.  This,  which*  has  been 
called  the  liquor  of  Libavius,  may  be  also 
procured,  by  heating  together  tin-filings  and 
corrosive  sublimate,  or  an  amalgam  of  tin 
and  corrosive  sublimate.  It  consists,  ac- 
cording to  the  analysis  of  Dr  John  Davy,  of 
2  primes  of  chlorine  sae  9  -{-  1  of  tin  ess 
7.35.  The  other  compound  of  tin  and 
chlorine  is  a  grey  semitransparent  crystal- 
line solid.  It  may  be  procured  by  hmting 
together  an  amalgam  of  tin  and  calomeL 
It  dissolves  in  water,  and  forms  a  solution, 
which  rapidly  absorbs  oxygen  from  the  air, 
with  deposition  of  peroxide  of  tin.  It  con- 
sists of— > 

Chlorine,  45 

Tin,  7.35 

There  are  two  sulphurets  of  tin.  One 
may  be  made  by  fusing  tin  and  sulphur  to- 
gether. It  is  (^  a  bluish  colour,  and  lamel- 
lated  texture.  It  consists  of  7.35  tin  -^  8 
sulphur.  The  other  sulphuret,  or  the  tri- 
sutphuret,  is  made  by  heating  together  the 
peroxide  of  tin  and  sulphur.  It  is  of  a 
beautiful  gold  colour,  and  appears  ito  fine 
flakes.  It  was  formerly  called  aurum  mu- 
tivur/i.  According  to  Dr  John  Davy  it 
cohsists  of  1  prime  tin  ss  7.35 

%  sulphur  a:  4.00 

For  another  mode  of  making  it,  see  Auritm 
Mi'Hvusr. 


Hie  nits  of  tin  are  cfaaractericed  by  the 
following  general  properties  \-^ 

1.  Ferropmsaiate  of  potash  gives  a  white 
precipitate^ 

2.  Hydrosulphuret  of  potash,  a  brown- 
black  with  the  protoxide ;  and  a  golden-yel- 
low with  the  peroxide. 

a  Oalls  do  not  afiect  tiie  solutions  of 
these  salts. 

4w  Corrosive  sublimate  occasions  a  black 
pfiecipitate  with  the  protoxide  salts ;  a  white 
with  the  peroxide. 

5.  A  plate  of  lead  frequently  throws  down 
metallic  tin,  or  its  oxide,  from  the  saline  so- 
lutions. 

6.  Muriate  of  gold  gives,  with  the  prot- 
oxide solutions,  the  purple  precipitate  of 
Cassius. 

7.  Muriate  of  platinum  occasions  en 
orange  precipitate  with  the  protoxide  salts. 

C^icentrated  sulphuric  acid,  assisted  by 
heat,  dissolves  half  its  weight  of  tin,  at  the 
same  time  that  sulphurous  gas  escapes  in 
great  plenty.  Sulphuric  acid,  slightly  dilufe* 
«],  likewise  acu  upon  this  metal;  but  if 
mudi  water  be  present,  the  solution  does  not 
take  place.  In  the  sulphuric  solution  of 
tin,  there  is  an  actual  formation  or  extrica- 
tion of  sulphur,  which  renders  the  fluid  of  a 
brown  colotir  while  it  continues  heated,  but 
subsides  by  cooling.  This  solution  affords 
needle-formed  crystals  by  cooling. 

Nitric  acid  and  tin  combine  together  very 
rapidly  without  the  assistance  of  heat.  Most 
of  the  metal  fiiUs  down  in  tlie  form  ef  a 
white  oxide,  extremely  difllcult  of  reduction  i 
and  the  small  portion  of  tin  which  remains 
suspended  does  not  afford  crystals,  but  falls 
down,  9at  the  moat  part,  upon  the  applicatioit 
of  heat  to  inspissate  the  fluid. 

Muriatic  acid  dissolves  tin  very  readily^ 
at  the  same  time  that  it  becomes  of  a  darker 
colour,  and  ceases  to  emit  fumes.  A  slight 
effervescence  takes  place,  With  the  disengegei. 
ment  of  a  fetid  inflammable  gas.  Muriatic 
acid  suspends  half  its  weight  of  tin,  and  does 
not  let  it  fall  by  repose.  It  affords  perma- 
nent  crystals  by  evaporation.  If  the  tin 
contain  arsenic,  it  remains  undissolved  at  the 
bottom  of  the  fluid.  Recent  muriate  of  tin 
is  a  very  delicate  test  of  mercury.  M.  Cbe- 
nevix  says,  if  a  single  drop  of  a  saturated 
solution  of  neutralised  nitrate  or  muriate  of 
mercury  be  put  into  500  grains  of  water,  a 
few  drops  of  solution  of  muriate  of  tin  will 
render  it  a  little  turbid,  and  of  a  smoke-grey. 
He  adds,  that  the  effect  is  perceptible^  if  teti 
times  as  much  water  be  added. 

Aqua  regie,  consisting  of  two  parts  nitric 
and  one  muriatic  acid,  combines  with  titi 
with  effervescence,  and  the  development  of 
much  heat  In  order  to  obtain  a  permanent 
solution  of  tin  in  this  add,  it  is  neceasary  to 
add  the  metal  by  smaU  portions  at  a. time; 
80  that  the  one  portion  may  be  entirely  dia. 


TIN.                            7M  TITANITES. 

solved  before  the  next  piece  is  added.    Aqua  which  is  heard  upon  bending  pieceii  of  tin, 

regia,  in  this  manner,  dissolves  half  its  weight  is  produced  by  this  in^urity ;  but,  from  the 

of  tin.     The  solution  is  of  a  reddish-brown,  experiment  of  Bayen,  this  appears  not  to  be 

and  in  many  instances  assumes  the  form  of  the  facL     Cobalt  unites  with  tin  by  fusion  ; 

a  concrete  gelatinous  substance.  and  forms  a  grained  mixture  of  a  odour 

.  Ihe  solution  of  tin  in  aqua  regia  is  used  slighdy  inclining  to  violet.    Zinc  unites  Tety 

by  dyers  to  heighten  the  colours  of  cochi-  well  with  tin,  increasing  its  hardnessy  and 

neal,  lac-dye,  and  some  other  red  tinctures,  diminishing  its  ductility,  in  propoftion  as  tbr 

from  crimson  to  a  bright  scarlet,  in  the  dye^  quanti^  of  zinc  is  greater. 

ing  of  woollens.  .  This  is  one  of  the  principal  additions  uaed 

.   In  preparing  muriate  of  tin,  M.  Berard  of  in  making  pewter,  w^hich  consists  for  the 

Montpellier   puts  the  granulated   tin   into  most  part  of  tin.     The  best  pewter  docs  not 

Teasels  of  glass  or  earthenware,  and  pours  contain  above  one-twentieth  part  of  admix- 

muriatic  acid  upon  it :   action  immediately  ture,  which  consists  of  zinc,  copper,  bismntb, 

commences,  and  hydrogen  is  evolved.    After  or  such  other  metallic  substances  as  expeiieoee 

a  short  time  he  pours  off  the  acid,  and  leaves  has  shown  to  be  most  conducive  to  the  im- 

tfae  vessels  open.     The  moistening  acid  con-  provement  of  its  hardness  and  colour.     The 

tinues  to  act,  evolving  hydrogen,  and  a  con-  inferior  sorts  of  pewter,  more  especially  those 

siderable  part  of  the  oxidation  is  carried  on  used  abroad,  contain  much  lead,  have  a  bluidi 

by  the  air.     On  restoring  the  acid  to  the  colour,  and  are  soft,     llie  tin  usually  met 

metal,  it  dissolves  all  the  oxide  thus  jointly  with  in  commerce  in  this  country,  has  no 

formed :   and  by  transferring  the  acid  sue-  admixture  to  impair  its  purity,  except  such 

cessively  from  one  vessel  to  another,  through  as  may  accidentally  elude  the  woriunen  at 

a  series,  a  solution  of  proto-muriate  of  tin  the  mines.     But  the  tin  met  with  in  foreign 

is  quickly  and  economically  obtained ;  from  countries  is  so  much  debased  by  the  dealers 

which,  by  evaporation,  a  salt  is  obtained  in  in  that  article,  especially  the  Dutch,   that 

very  fine  white  needles.  pewter  and  tin  are  considered  abroad  as  the 

'.    Acetic  acid  scarcely  acts  upon  tin.     The  same  substance. 

operation  of  other  acids  upon  this  metal  has  Antimony  forms  a  very  brittle  hard  ntix- 

beenlittie  inquired  into.     X'hosphate,  fluate,  ture  with  tin;  the  specific  gravity  of  which 

and  borate  of  tin,  have  been  formed  by  pre.  is  less  than  would  have  been  deduced  by 

cipitating  the  muriate  with   the  respective  computation  from  the  specific  gravities  and 

neutral  salts.  quantities  of  each,  sepanrtely  taken.     Tung- 

If  the  crystals  of  the  saline  combination  sten,  fused  with  twice  its  weight  of  tin,  aC* 

of  copper  with  the  nitric  acid  be  grossly  fords  a  brown  spongy  mass,  which  is  som^ 

powdered,  moistened,  and  rolled  up  in  tin-  what  ductile. 

foil,  the  salt  deliquesces,  nitrous  fumes  are  The  uses  of  tin  are  very  numerous,  and 

emitted,  the  mass  becomes  hot,  and  suddenly  so  well  known,  that  they  scarcely  need  be 

takes  fire.     In  this  experiment,  the  rapid  pointed  out.     Several  of  them  have  been  al- 

transition  of  the  nitric  add  to  the  tin  is  sup-  ready  mentioned.     The  tinning  of  iron  and 

posed  to  produce  or  develop  heat  enough  copper,  the  silvering  of  looking-glassesy  and 

to  set  fire  to  the  nitric  salts ;  but  by  what  the  fabrication  of  a  great  variety  of  vessels 

particular  changes  of  capacity,  has  not  been  and  utebsils  for  domestic  and  other  uses, 

shown.  are  among  the  advantages  derived  fiom  this 

If  small  pieces  of  phosphorus  be  thrown  metal, 

on  tin  in  fusion,  it  will  take  up  from  15  to  TINC  AL.     Crude  borax,  as  it  is  impofi- 

'  20  per  cent,  and  form  a  silvery  white  phos-  ed  from  the  East  Indies  in  yellow  grosy 

pburet  of  a  foliated  texture,  and  soft  enough  crystals,  is  called  tincal. 

to  be  cut  with  a  knife,  though  but  littie  TINGLASS.     BismuUi. 

malleable.     This  phosphuret  may  be  formed  TINNING.     See  Ibon. 

Ukewise  by  fusing  tin  filings  witii  concrete  TITANI FERGUS  CERITE.     A  mi- 

phosjrfioric  acid.  neral  from  the  Coromandel  coast,  of  a  black- 

lln  unites  with  bismuth  by  fusion,  and  ish-brown  colour,  a  vitreous  conchoidal  fne- 
beeomes  harder  and  more  brittle  in  propor-  ture,  hardness  equal  to  that  of  the  gadoUnite^ 
tion  to  the  quantity  of  that  metal  added,  and  swelling  up  when  heated.  Both  alkalis 
With  nickel  it  forms  a  white  brilliant  mass,  and  acids  act  upon  it.  Its  constituents  are^ 
It  cannot  easily  be  united  in  the  direct  way  oxide  of  cerium  36,  oxide  of  iron  19»  lime  8^ 
with  arsenic,  on  account  of  the  volatility  of  alumina  6,  water  1 1,  oxide  of  manganese 
this  metal ;  but  by  heating  it  with  the  com-  1.8»  silica  19,  oxide  of  titanium  8.  These 
bination  of  the  arsenical  acid  and  potash,  the  quantities  exceed  100  by  9,55  parts,  an  ex- 
salt  is  partiy  decomposed ;  and  the  tin  com-  cess  occasioned  by  the  protoxide  of  corium 
bining  with  the  acid,  becomes  converted  into  in  the  mineral  becoming  peroxide  in  the 
a  brilliant  brittie  compound,  of  a  plaited  analysis,-— Xat4g^.  Antiales  de  OUas.  et  dt 
texture.  It  has  been  said,  that  all  tin  con-  Phys.  xxvii.  313. 
tains  arsenic;  and  that  the  crackling  noise  TITANITES.    This  name  has  been  given 
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to  oertain  om  of  titamum,  contidning  that 
metal  in  the  state  of  oxide.  See  the  follow- 
ing article. 

TITANIUM.  The  Rer.  Mr  Gregor 
discovered  in  a  kind  of  ferruginous  sand, 
found  in  the  vale  of  Menacban  in  Cornwall, 
what  he  supposed  to  be  the  oxide  of  a  new 
metal,  but  was  unable  to  reduce. 
.  Klaproth,  afterward  analyzing  what  was 
called  the  red  schorl  of  Hungary,  found  it 
to  be  the  pure  oxide  of  a  new  metal,  which 
he  named  titanium,  and  the  same  with  the 
menachanite  of  Mr  Gregor.  Since  that, 
oxide  of  titanium  has  been  discorered  in 
several  fossils. 

We  do  not  know  that  titanium  has  been 
completely  reduced,  except  by  Lampadius, 
who  effected  it  by  means  of  cfaarcoid  only. 
Hie  oxide  he  employed  was  obtained  from 
the  decomposition  of  gallate  of  titanium  by 
fixed  alkali.  The  metal  was  of  a  dark  cop- 
per colour,  with  much  metallic  brilliancy, 
brittle^  and  in  small  scales  considerably  elas- 
tic It  tarnishes  in  the  air,  and  is  easily 
oxidized  by  heat.  It  then  acquires  a  bluish 
aspect.  It  detonates  with  nitre,  and  is  highly 
infusible.  All  the  dense  acids  act  upon 
it  with  considerable  energy.  According  to 
Vauquelin,  it  is  volatilized  by  intense  beat. 

Certain  small  cubes  occasionally  observed 
in  iron  slag,  had  generally  been  regarded  as 
pyritical ;  but  upon  minute  inspection   Dr 
Wollaston  observed,  that  neither  their  colour, 
crystallization,  nor  hardness,  were  those  of 
pyrites.    The  crystals  are  striated.     Purified 
from  iron  by  muriatic  acid,  they  are  insoluble 
in  muriatic,  nitric,  nitro-muriatic,  and  sul- 
phuric acids.     Their  perfect  solution  may  be 
effected  by  the  combined  action  of  nitre  and 
borax,  since  the  latter  dissolves  the  oxide  as 
fast  as  it  is  formed,  and  presents  a  succession 
of  clear  surfaces  for  fresh  oxidation.     But 
as  these  salts  do  not  unite  by  fusion,  the  ad- 
dition of  soda,  as  a  medium  of  union,  shortens 
the  process.    The  fused  mass  becomes  opaque 
on  cooling  by  the  deposition  of  a  white  oxide^ 
which  may  either  be  previously  freed  of  the 
salts  by  boiling  water,  and  then  dissolved  in 
muriatic  acid,  or  the  whole  mass  may  be  at 
once  dissolved  together.     Iir  dther  case,  al- 
kalis precipitate  from  the  solution  a  white 
oxide,  which  is  not  soluble  by  excess  of  al- 
kali either  pure  trr  caiiwnated.     By  evapo- 
rating the  muriatic  solution  of  the  oxide  to 
dryness,  at  the  heat  of  boiling  water,  it  is 
freed  of  any  redundant  acid,  and  the  muriate 
which  remains  is  perfectly  soluble  in  water, 
and  in  a  state  most  favouiwble  for  exhibiting 
the  characteristic  properties  of  the  metal.  In- 
fusion of  galls  gives  the  well-known  red  co- 
lour of  gallate  of  titanium.     The  colour  oc- 
casioned by  prussiate  of  potash  is  also  red, 
differing  from  prussiate  of  copper  by  inclin- 
ing to  orange  instead  of  purple,  while  the 


colour  of  prussiate  of  uranium   it  rather 
brown  than  red. 

The  above  crystals  are  perfect  conductors 
of  electricity.  Titanium  shows  no  affini^ 
for  iron ;  and  it  seems  equally  indisposed  to 
unite  with  every  other  metal  that  Dr  Wot-- 
laston  tried.  The  specific  gravity  of  the 
metallic  titanium  is  5.3 ;  and  it  is  so  hard  at' 
to  scratch  agate. — Dr  H^oUaston,  in  PhU. 
Trans,  for  182a 

M.  Rose  obtained  oxide  of  titanium  by 
fusing  powdered  rutilite  with  thrice  its  weight 
of  carbonate  of  potash,  dissolving  the  com- 
pound in   muriatic   add,    predpitadng  by 
caustic  ammonia,  digesting  the  predpitate 
for  a  certain  time  with  hydrosulpburet  of 
ammonia,   and   finally  digesting  the    solid 
matter  left  in  weak   muriatic  acid,  which 
leaves  the  oxide  of  titanium  pure.     In  this 
way  only,  as  yet,  can  the  iron  be  removed. 
The  pure  oxide  remains  perfectly  white  when 
heated  and  copied,  and  is  then  untouched  by 
adds.     Fused  with  carbonate  of  potash,  and 
then  treated  with  muriatic  acid,  it  sometimes 
gelatinizes,  though  not  so  strongly  as  silica. 
It  becomes  red  by  touching  moist  litmus, 
and  vrith  alkalis  acts  predsely  as  an  acid. 
It  has  therefore  been   called  by  M.  Rose 
titanic  acid.     There  are  no  salts  with  base 
of  titanic  add :  those  that  have  been  taken 
for  such,  resulted  from  the  presence  of  al- 
kali in  the  titanic  add.     See   Acm  (Ti- 
tanic). 

The  native  red  oxide  is  insoluble  in  the 
sulphuric,  nitric,  muriatic,  and  nitro-muriatic 
adds;  but  if  it  be  fused  with  six  parts  of 
carbonate  of  potash,  the  oxide  is  dissolved 
with  effervescence.  The  sulphuric  solution 
when  evaporated  becomes  gelatinous;  the 
nitric  affords  rhomboidal  crystals  by  spon- 
taneous evaporation,  but  is  rendered  turbid 
by  ebullition;  the  muriatic  becomes  gela- 
tinous, or  flocculent,  by  heat,  and  transparent 
crystals  form  in  it  when  cooled ;  but  if  it  be  . 
boiled,  oxygenized  muriatic  add  gas  is  evolv- 
ed, and  a  white  oxide  thrown  down.  Fho»* 
phoric  and  arsenic  adds  take  it  from  the 
others,  and  form  with  it  a  white  predpitate. 
These  predpitates  are  soluble  in  muriatic 
add,  but  in  no  other. 

The  solutions  of  titanium  give  white  pre- 
cipitates with  the  alkalist  or  their  carbonates ; 
tincture  of  galls  gives  a  brownish-red,  and 
prussiate  of  potash  a  brownisb-yellow.  If 
the  prussiate  produce  a  green  predpitate, 
this,  according  to  Lowitz,  is  owing  to  the 
presence  of  iron.  Zinc  immersed  in  the 
solutions  changes  their  colour  from  yellow  to 
violet,  and  ultimately  to  an  indigo ;  tin  pro- 
duces in  them  a  pale  red  tint,  which  deepens 
to  a  bright  purple-red.  Hydrosulpburet  of 
potash  throws  down  a  brownish-red  precipi- 
tate, but  they  are  not  decomposed  by  sul- 
phuretted hydrogen. 
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By  exposing  pboftpkate  of  tiunium,  mix- 
ed with  charcmd  and  borax,  to  a  violent  heat, 
io  a  double  crucible  luted,  M.  Cbenevix 
obtained  a  pale  white  pbospboret,  with  some 
luatre,  brittle,  of  a  granular  textuie,  and  not 
very  fusible. 

The  oxides  of  iron  and  titanium^  expoaed 
to  beat  with  a  little  oil  and  charcoal,  pro- 
duce an  alloy  of  a  grey  colour,  intermixed 
with  brilliant  metallic  particles  of  a  golden 
ydlow. 

Oxide  of  titanium  was  used  to  give  a 
brown  or  yellow  colour  in  painting  on  por- 
cetain,  before  its  nature  was  known  ;  but  it 
waa  found  difficult  to  obtain  from  it  an  uni- 
form tint,  probably  from  its  not  bang  in  a 
state  of  purity. 

TOBACCO.  The  expressed  juice  of  the 
leaves,  according  to  Vauquelin,  contains  the 
following  substances:^- 

A  considerable  quantity  of  vegetable  albu- 
men or  gluten ;  supermalate  of  lime ;  accKic 
add. 

A  notable  quantity  of  nitrate  and  muriate 
of  potash.  A  red  matter  soluble  in  alcohol 
and  water,  which  sweUs  considerably  when 
heated. 

Muriate  of  ammonia. 

Nicodn. 

Green  fecula,  composed  chiefly  of  gluten, 
green  resin,  and  woody  6bre. 

TOLU  (BALSAM  OF).  This  sub- 
stance is  obtained  from  the  toluifera  balsa- 
mum,  a  tree  which  grows  in  Soutli  America. 
Tlw  balsam  flows  fVom  incisions  made  in 
the  bark.  It  comes  to  Europe  in  small 
gourd  shells.  It  is  of  a  reddislvbrown  co- 
lour and  considerable  consistence ;  and  when 
exposed  to  the  air,  it  becomes  solid  and 
brittle.  Ito  smell  is  fragrant,  and  continues 
so,  even  after  the  balsam  has  become  thick 
by  age»  When  distilled  with  water,  it  jrields 
very  little  volatile  <»1,  but  impregnates  the 
water  strongly  widi  ito  taste  and  smell.  A 
quantity  of  benioic  add  sublimes,  if  the  dis- 
tillation be  continued. 

Mr  Hatchett  found  it  soluble  in  the  al- 
kalis, like  the  rest  of  the  balsams.  When 
be  dissolved  it  in  the  smallest  possible  quan« 
tity  of  lixivium  of  potash,  it  completely  lost 
ito  own  odour,  and  assumed  a  fh^rant 
smell,  somewhat  resembling  that  of  the  clovei* 
^nk.  '*  This  smell,**  Mr  Hatchett  observes, 
**  is  not  fugitive,  for  it  is  still  retained  by  a 
solution  which  was  prepared  in  June,  and 
has  remained  in  an  open  glass  during  four 
months.** 

When  digested  in  sulphuric  add,  a  con- 
siderable quantity  of  pure  benzoic  add  sub- 
limes. When  the  solution  of  it  in  this  acid 
is  evaporated  to  dryness,  and  the  residuum 
treated  with  alcohol,  a  portion  of  artificial 
tannin  is  obtained:  the  residual  charcoal 
amounto  to  0.54>  of  the  original  balsam. 

Mr  Hatchett  found,  that  it  dissolved  in 


nitric  add,  with  neariy  the  same  phi 
as  the  resins ;  but  it  assumed  tbie  smdl  of 
bitter  almonds,  which  led  him  to  suspect  Ae 
formation  of  prussic  add.  During  the  aoiis- 
tion  in  nitric  add,  a  portion  of  bensoic 
sublimes.  By  icpcated  digestions,  it  is 
verted  into  artifidal  tannin. 

It  is  totally  soluble  in  alcohol,  from 
water  separates  the  whole  of  it,  except  Ifae 
benzoic  add. 

TOMBAC.  A  white  alloy  of  copper  mA 
arsenic,  commonly  brittle,  though  if  the  quan- 
tity of  arsenic  be  small,  it  is  both  ductile  and 
malleable  in  a  cerbun  degree.  It  is  aometiiDcs 
called  white  copper. 

TOPAZ.  According  to  Professor  Jame- 
son, this  mineral  species  contains  three  sttb> 
qiedes,  common  topaz,  sdiorlite,  and  physaliie. 

Common  tojMz.  Colour  wine-y^ow  :  in 
granular  concretions,  disseminated  and  crys- 
tallized, lu  primitive  form  is  an  ol>liqoe 
prism  of  1240  22fi  The  following  are  se- 
condary forms ;— an  oblique  four^ded  piisoi, 
acuminated  by  four  planes ;  the  same^ 
the  acute  lateral  edges  bevdled;  the 
with  a  double  acumination ;  and  several  other 
modifications,  for  which  consult  Jameaoa^ 
Min.  vol.  i.  p.  75.  The  lateral  planes  ara 
longitudinally  streaked ;  splendent  and  vi- 
treous ;  cleavage  perfect  and  perpendicular  to 
the  axis  of  the  prism ;  fracture,  small  con- 
choidal;  transparent;  refracto  double;  har- 
der than  quartz,  or  emerald ;  but  softer  than 
corundum ;  easily  firangible ;  sp.  gr.  S^A  to 

as. 

Saxon  topaz  in  a  gentle  heat  becomes  whiles 
but  a  strong  heat  deprives  it  of  lustre  and 
transparency.  Hie  Brazilian,  on  the  contra- 
ry, by  exposure  to  a  high  temperature,  boms 
rose-red,  and  in  a  still  higher  vi«>lct-lilae. 
Before  the  blowpipe,  it  is  infusible.  Hie  to- 
paz of  BradU  Siberia,  Muda  in  Asin-Bfinor, 
and  Saxony,  when  heated,  exhibit  ai  one  ex- 
tremity positive,  and  at  the  other  n^ativc^ 
electricity.  It  also  becomes  electrical  by 
friction  ;  and  retains  ito  dectridty  very  long. 
Ito  constituento  are,.^ 

Bras.  Top.         Sut.  T.        Skz.  T. 
Alumina,  3S.38  57.45  59 

Silica,  9kOl  3^2^  35 

Fluoric  acid,      7.79  7.75  5 


100.18  99.44  99 

BeneUus.  KUtpr,  Klapt, 
Topaz  forms  an  essential  constituent  of  a 
particular  roountdn-rock,  which  is  an  aggre» 
gate  of  topaz,  quarts,  and  schorl,  and  ii 
named  topaz-rock.  Topaz  occun  in  dm^ 
cavities  in  granite.  It  has  been  also  disco- 
vered in  nests,  in  transition  clay-«late ;  and 
it  is  found  in  rolled  pieces  in  alluvial  soil.  It 
occurs  in  large  crystals,  and  rolled  mwises,  fai 
an  alluvia]  soil,  in  the  granite  and  gndsa  dis- 
tricto  of  Mar  and  Cdmgorm  in  the  upper 
parte  of  Aberdeenshire ;  and  in  vein%  along 
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wkh  tin-atone^  in  clay-date  at  St  Anne'fl> 
Cornwall.  On  the  Ccotinent  tt  appears  most 
abttndaotly  in  topas-rock  at  Schiwckenstein. 

TOPAZOLITE.  A  variety  of  predoas 
garnet  ibund  at  Mussa  in  Piedmont. 

TORRELITE.  A  new  mineral  from 
Su«ex  county,  New  Jersey.  Colour,  dull 
vermilion  red;  fracture  granular,  fine  or 
coarse;  scratches  glass;  powder,  rose-red; 
afi^ctB  the  magnet  slightly ;  effervesces  with 
acids ;  forms  with  borax  a  glass  that  is  green 
while  hot,  but  ccrfourless  on  cooling ;  infu- 
sible alone  at  the  blowpipe.  Its  constituents 
are. 

Silica, 

Peroz.  of  cerium, 

Pkotox.  of  iron, 

Alumina, 

Xjime, 

Water, 

Loss, 

50.00 

Mr  Children  has  proved,  that  the  mineral 
of  Dr  Torrey  contains  manganese,  of  which 
his  analysis  takes  no  account ;  and  neither  he 
nor  Mr  Faraday  could  find  any  cerium  in  it 
— itfniM&  of  PhiL  ix.  217. 

TORTOISE-SHELL.  It  approaches 
to  nail  or  coagulated  albumen  in  its  compo- 
sition. 500  parts,  after  incineration,  leave 
three  of  earthy  matter,  consisting  of  phos- 
phate of  lime,  and  soda,  with  a  little  iron. 

TOUCHSTONE.  Lydian  stone,  a  va- 
riety offiinty^thte, 

TOURMALINE.  Rhomboidaltourma. 
line  tt  divided  into  two  sub-species,  schorif 
and  tourmatine. 

Tottrmatine,  Colours  green  and  brown ; 
in  prismatic  concretions,  rolled  pieces,  but 
generally  crystalUxed :  primitive  form,  a  rhom- 
boid of  133^  SG'.  It  occurs  in  an  equiangu- 
lar three-sided  prism,  flatly  acuminated  on 
the  extremities  with  three  planes.  The  la- 
teral edges  are  frequently  bevelled,  and  thus 
a  nine-sided  prism  is  formed ;  when  the  edges 
of  the  bevelment  are  truncated,  a  twelve-sided 
prism  is  formed ;  and  when  the  bevelling 
planes  increase  so  much  that  the  original  faces 
of  the  prism  disappear,  an  equiangular  siz- 
nded  prism  is  formed.  Sometimes  the  prism 
is  nearly  wanting,  when  a  double  three-sided 
pyramid  is  formed.  The  lateral  planes  are 
generally  cylindrical  convex,  and  deeply  lon- 
gitudinally streaked  ;  crystals  imbedded ; 
splendent,  vitreous;  cleavage  threefold ;  frac- 
ture concfaoidal ;  opaque  to  transparent ;  re- 
fracts double :  when  viewed  perpendicular  to 
the  axis  of  the  crystal,  it  is  more  or  less  trans- 
parent ;  but  in  the  direction  of  the  axis,  even 
when  the  length  of  the  prism  is  less  than  the 
thickness,  it  is  opaque:  as  hard  as  quartz; 
easily  frangible ;  sp.  gr.  3.0  to  3.2.  By  Mic- 
tion it  yields  vitreous  electricity ;  by  heating. 


vitreous  at  one  end,  and  resinous  at  the  other. 
The  brown  and  hyacinth-red  varieties  have 
these  properties  in  the  greatest  degree.  The 
ancients  called  it  fyticurium.  Before  theblow- 
pipe,  it  melts  into  a  greyish-white  vesicular 
enameL  Its  constituents  are»  silica  42,  alu-> 
mina  40,  soda  10,  oxide  of  manganese  with 
a  little  iron  7,  loss  l.-^yauquelin.  tt  oc<t 
curs  in  gneiss,  mtca-slate,  talc-slate,  &c.  The 
red  occurs  in  Siberia,  Ava,  and  Ceylon.^ 
Jameton» 

Professor  C.  G.  Omelin  has  found  lilhia 
in  both  red  and  green  tourmalina  The 
rubellite  from  Rbsna  in  Moram  afforded 
boradc  acid  5.74,  silica  42.13,  alumina 
36.43,  oxide  of  manganese  6.32,  lime  1.2, 
potash  2.41,  lithia  2.04,  volatile  matter 
1.31,  s=  97.5a  Black  tourmaline  from  Bo- 
vey,  Devonshire,  gave  him  4^  1 1  boracic  add, 
but  no  lithia.  Some  tourmalines  contain 
magnesia  to  the  amount  of  10  per  cent. 

TRACHYLITE.  A  mineral  lesembltng 
obsidian. 

TRACHYTE.  A  rock  of  igneous  ori- 
gin, prindpally  composed  of  folspar,  and  con- 
sequently fusible  into  a  white  or  slightly  co- 
loured enamel.  It  has  generally  a  poqthy- 
ritic  structure. — See  D*Aubuiston*t  Geoiagiei 
iL524. 

TRAGACANTH  (GUM).  This  sub^ 
stance,  which  is  vulgarly  called  gum-dragon, 
exudes  from  a  prickly  bush,  the  aUragahu 
iragacaniha,  Linn,  which  grows  wild  in  the 
wanner  climates,  and  endures  the  cold  of  our 
own,  but  does  not  here  yield  any  gum.  This 
commodity  is  brought  chiefly  from  Turkey, 
in  irregular  lumps,  or  long  vermicular  pieces 
bent  into  a  variety  of  shapes :  the  best  sort  is 
white,  semitransparent,  dry,  yet  somewhat 
soft  to  the  touch. 

Gum-tragacanth  diflf^  from  all  the  other 
known  gums,  in  giving  a  thick  consistence  to 
a  much  larger  quantity  of  water ;  and  in  be^ 
ing  much  more  difficultly  soluble,  or  rather 
dissolving  only  imperfectly. 

IVagacanth  is  usually  preferred  to  the  other 
gums  for  making  up  troches,  and  other  like 
purposes,  and  is  supposed  likewise  to  be  the 
most  eflTectual  as  a  medidne ;  but  on  account 
of  its  imperfect  solubility,  is  unfit  for  liquid 
forms.  It  is  commonly  given  in  powder 
with  the  addition  of  other  materiak  of  similar 
intention ;  thus,  to  one  part  of  gum-trag** 
canth  are  added  one  of  gum-arabic,  one  of 
starch,  and  six  of  sugar.     See  CeraSn. 

According  to  Bocholz,  gum-tragacanth  is 
composed  of  57  parts  of  a  matter  similar  to 
gum-arabic,  and  43  parts  of  a  peculiar  sub- 
stance, capable  of  swelling  in  cold  water  with* 
out  dissolving,  and  assuming  the  appearance 
of  a  thick  jelly.  It  is  soluble  in  boiling  wa* 
ter,  and  then  forms  a  mudlaginous  solution. 

TRAP  FORMATIONS  in  geology. 

Primiiive  trap.  The  name  trap  is  deriv- 
ed from  the  Swedish  word  trappa,  a  stair. 


TREMOLITE. 
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TUMITE. 


Werner  tinderBtands  by  trap,  rodu  princt|M]ly 
cfaanicterixed  by  the  presence  of  h(Mtiblende, 
and  black  iron  clay.  Hence  all  rockft  occur- 
ring in  the  primitiTe  claaa,  having  hornblende 
as  a  characteristic  or  predominating  ingre^ 
dient,  belong  to  the  primUwe  trap  formation* 
The  following  table  from  Professor  Jameson 
exhibits  the  rocks  of  this  formation. 
1.  Common  hornblende  rock. 

a.  Granular  hornblende  rock. 

h.  Hornblende  slate. 
8.  Hornblende  mixed  with  fekpar. 

a.  Greenstone. 

«.  Gnnmon  greenstone. 
^  Porpbyritic  greenstone. 
y.  Greenstone  porphyiy. 
i.  Green  porphyry. 

b.  Greenstone  slate. 

3b  Hornblende  mixed  with  mica. 

TranaHon  irap.  It  contains  greenstone 
and  amygdaloid. 

The  newest  Jloetx-trap  contains  several 
rocks  which  are  peculiar  to  it,  and  others  that 
occur  in  other  floetz  formations.  The  pecu- 
liar or  characteristic  rocks  are,  basaltt  wacke, 
gnytionSf  porphyry siate,  and  traptuff.— 
Tliese^  and  also  greenstone,  are  often  called 
whinstone  by  mineralogists. 

TRAP-TUFF.  It  is  composed  of  naasses 
of  basalt,  amygdaloid,  hornblende  rock, 
sandstone,  and  even  pieces  of  wood  (as  in 
the  island  of  Canna)  cemented  togetlier  by  a 
rather  loose  spongy  clayey  basis,  which  has 
been  formed  irom  decomposed  baaah  or  wacke 
rock.  The  masses  vary  much  in  sise,  from 
that  of  a  pea,  to  several  hundred  weijgfat.  It 
occurs  in  beds,  which  are  from  a  few  inches 
to  several  fathoms  thick.  A  considerable 
portion  of  Arthur's  Seat,  near  Edinburgh,  is 
composed  of  this  rock  :  there  it  rests  on  in- 
clined strata  which  belong  to  the  oldest  coal 
formation.  It  occurs  also  in  Mull,  and  many 
other  places  in  Scotland. 

TRAUM ATE.  llie  name  given  by  the 
French  geologists  to  grey  wacke. 

TREMOLITE.  This  sub-spedes  of 
straight-edged  augite  is  divided  into  three 
kinds;  the  asbestous,  common,  and  glassy. 

1.  Jtbest&us  tremoUte,  Colour  greyish- 
white  ;  massive^  and  in  fibrous  concretions ; 
shining  pearly;  fragments  splintery;  trans- 
lucent on  the  edges ;  rather  easily  frangible ; 
soft ;  rather  sectile :  when  struck  gently,  or 
rubbed  in  the  dark,  it  emits  a  pale  reddish 
light ;  when  pounded  and  thrown  on  coals,  a 
greenish  light ;  before  the  blowpipe,  it  melts 
into  a  white  opaque  mass.  It  occurs  roost 
frequently  in  granular  foliated  limestone,  or 
in  dolomite.  It  is  found  in  the  former  in 
Glentilt  and  Glenelg ;  in  the  latter,  in  Aber- 
deenshire and  Icolrokill ;  and  in  basalt  in  the 
Castle  rock  of  Edinburgh. 

2.  Common  tremoUte*  Colour  white ;  mas- 
sive^ in  distinct  prismatic  concretions,  and 
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crystallised  in  a  very  obliquefoor  tided . 
truncated  or  bevelled  on  thelaftenl  edges;  m 
fm  extremely  oblique  four-sided  priaoo,  per- 
fect or  variously  modified  by  bevefaDent  m 
truncation ;  the  lateral  planes  are  loiigitadi- 
nally  streaked :  vitreous  or  pearly ;  cleavage 
double  oblique  angular,  of  i2V^  a(K  and  5S* 
Sfy;  fracture  uneven  or  conchoidal ;  traoaia- 
cent;  as  hard  as  hornblende;  ratber  briule; 
sp.  gr.  2.9  to  3.2 :  it  melts  with  much  dUB* 
culty  and  ebullition  into  an  opaque 
Its  constituents  are,  silica  50,  magna 
lime  1 8,  carbonic  add  and  water  di.— j 
It  occurs  with  the  preceding. 

3.  Glossy  tremoiUe.  Colour  greyiaii, : 
ish,  yellowish,  and  reddish- white ;  mi 
in  distinct  concretions,  and  frequently  ciya. 
tallized  in  long  acicular  crystals;  sfaioia^ 
between  vitreous  and  pearly ;  tranaluccat; 
as  hard  as  hornblende ;  very  brittle  ;  spb  gr. 
2.863 :  it  is  pbosphoresoent  in  a  low  dq^ice; 
infusible.  Its  constituents  are^  silica  33l j^ 
lime  26.5^  magnesia  16.5,  water  and  cariw- 
nic  acid  23. — Laugier.  It  occurs  with  the 
preceding.— Jameson. 

TRIPHANE.     See  SpODUiiSifB. 

TRIPOLI.  Colour  yeUowiab-grcy;  mas- 
sive ;  fracture  fine  or  coarse  eartby ;  opaqae  ; 
soft;  rather  easily  frangible ;  meagre;  does 
not  adhere  to  the  tongue ;  vp,  gr»  2:2;  infii- 
sible.  Its  constituents  are,  silica  81,  alnmnn 
1.5,  oxide  of  iron  8,  sulphuric  acid  3L4d^ 
water  4.55.— i^McAo&.  Of  the  mffrarfsar. 
silica  4,  alumina  86,  caibon  10.— AaiUifn. 
It  occurs  in  beds  in  coal-fields,  witk  secon- 
dary limestone,  and  under  basalt.  It  ii 
found  at  Bakewell,  in  Derbyshire,  wfao* 
it  is  called  rottenslone.  It  is  used  for  po- 
lishing stones,  metals,  and  giaaaes.  The 
tripoU  of  Corfu  is  reckoned  the  most  vah- 
able. 

TRON  A.  The  name  girea  in  Afiica  to 
the  native  carbonate  of  soda,  f«Huid  at  Sa- 
kena,  near  Feszan. 

TUBE  OF  SAFETY.  Atubeopeaat 
both  ends,  inserted  into  a  receiver,  the  opinr 
end  communicating  with  the  external  air, 
and  the  lower  being  immersed  in  water.  In 
intention  is  to  prevent  injury  from  too  sud- 
den condensation  or  rarefiMrtian  taking  place 
during  an  operation.  For,  if  a  vaconm  be 
produced  within  the  vessels,  the  external  sir 
will  enter  through  the  tube :  and  if  air  be 
generated,  the  water  will  yield  to  the  pres- 
sure, being  forced  up  the  tube.  Unn,  too^ 
the  height  of  the  water  in  the  tube  indicates 
the  degree  of  pressure  from  the  confined  gH 
or  gases.  See  PI.  VIL  fig.  a  A.  It  isnow 
more  frequently  used  in  a  curved  form,  ih, 
fig.  1. ;  and  is  commonly  called  a  Welter's 
tube. 

TUFACEOUS    LIMESTONE,    <mi 
CALC-TUFF.     See  Ldcettonb. 

TUMITE.     See  TttUMBBSiotOE. 
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TURMERIC. 


TUNGSTEN.    See  Ores  of  Tunqsixn. 

TUNGSTENUM.  lliis  Dame,  ngnify- 
ing  beayy  stODe,  was  given  by  the  Swedes  to 
a  mineral,  which  Scbeele  found  to  contain  a 
peculiar  me^,  as  he  supposed,  in  the  state 
of  an  acid,  united  with  lime.  The  same  me- 
tallic substance  was  aAerwards  found  by  the 
Don  d*£lhuyarts  united  with  iron  and  mai^ 
ganese  in  wolfram. 

From  the  first  of  these  the  oxide  may  be 
.  obtained  by  digesting  its  powder  in  thrice  its 
.  weight  of  nitric  acid ;  washing  the  yellow 
powder  that  remains,  and  digesting  it  in  am- 
monia, by  which  a  portion  of  it  is  dissolved. 
These  alternate  digestions  are  to  be  repeated, 
Wkd  the  tungstic  oxide  precipitated  from  the 
ammoniacal  solutions  by  nitric  acid.  The 
precipitate  is  to  be  washed  with  water,  and 
exposed  to  a  moderate  heat,  to  expel  any  am- 
monia that  may  adhere  to  it.  Or  the  mixture 
may  be  evaporated  to  a  dry  mass,  which  is  to 
be  calcined  under  a  muffle,  to  dissipate  the 
nitrate  of  ammonia.  From  wolfram  it  may 
be  obtained  by  the  same  process,  after  the  iron 
and  manganese  have  been  dissolved  by  mu- 
riatic acid. 

The  Spanish  chemists  reduced  the  oxide 
.of  tungsten  to  the  metallic  state,  by  exposing 
ity  moistened  %rith  oil,  in  a  crucible  lined 
with  charcoal,  to  an  intense  heat.  After  two 
hours  a  piece  of  metal  weighing  40  grains, 
but  slightly  agglutinated,  was  found  at  the 
bottom  of  the  crucible.  Some  have  attempted 
its  reduction  in  vain,  but  Guyton,  Ruprecht, 
and  Messrs  Aikin  and  Allen,  have  been  more 
successful.  The  latter  gentlemen  produced 
it  from  the  ammoniuret.  From  240  grains 
of  this  substance^  in  adcular  crystals,  exposed 
for  two  hours  to  a  powerful  wind-furnace,  in 
a  crucible  lined  with  charcoal,  they  obtained 
a  slightly  cohering  mass  of  roundish  grains, 
about  the  size  of  a  pin*s  head,  with  a  very 
brilliant  metallic  lustre,  and  weighing  in  the 
whole  161  grains. 

Tungsten  is  said  to  be  of  a  greyish-white 
oar  iron  colour,  with  considerable  brilliancy, 
very  hard  and  brittle.  Its  specific  gravity 
Don  d'Elhuyarts  found  to  be  17.6;  Messrs 
Aiken  and  Allen,  above  17.22. 

There  are  two  oxides  of  tungstenum,  the 
brown,  and  the  yellow  or  tungstic  acid. 

The  brown  oxide  is  formed  by  transmitting 
hydrogen  gas  over  tungstic  acid,  in  an  ignited 
glass  tube.  It  has  a  fiea-brown  colour,  and 
when  heated  in  the  air,  it  takes  fire  and  bums 
like  tinder,  passing  into  tungttic  acid ;  which 
see. 

The  brown  oxide  consists  of 
Tungstenum,  100 
Oxygen,  1 6. 6.  "^BerxeL 

Hence,  if  we  regard  it  as  composed  of  2 
primes  oxygen  -|-  1  metal,  its  composition 
will  be 

Tungstenum,  12.05  100 

Oxygen,  2.00  16.6 


Hence  the  acid  prime  ought  probably  to  be 
12.05  -I-  Sac  15b05  or  15;  and  that  of  the 
metal  12. 

But  from  Berzelius's  experiments,  tung- 
itate  of  lime  seems  to  consist  of 

Tungstic  acid,  100  14w50 

Lime,  24.12         3.50 

The  difference  indeed  is  not  great. 

Sir  H.  Davy  found  that  tungstenum  bums 
with  a  deep  red  light,  when  heated  in  chlo- 
rine, and  forms  an  orange-coloured  volatile 
substance^  which  affords  the  yellow  oxide  of 
tungstenum,  and  muriatic  acid,  when  decom- 
posed by  water. 

Scheele  supposed  the  white  powder  ob- 
tained by  digesting  the  ore  in  an'acid,  adding 
ammonia  to  the  residuum,  and  neutralizing 
it  by  nitric  acid,  to  be  pure  acid  of  tungsten. 
In  fact  it  has  a  sour  taste,  reddens  litmus, 
forms  neutral  crystalliiable  salts  with  alkalis, 
and  is  soluble  in  20  parts  of  boiling  water. 
It  appears,  however,  to  be  a  triple  salt,  com- 
posed of  nitric  add,  ammonia,  and  oxide  of 
tungsten ;  from  which  the  oxide  may  be  ob- 
tained in  a  yellow  powder,  by  boiling  with  a 
pure  concentrated  add.  In  this  state  it  con- 
tains about  20  per  cent  of  oxygen ;  part  of 
which  may  be  expelled  by  a  red  hea^  when 
it  assumes  a  green  colour. 

Tungsten  is  insoluble  in  the  adds ;  and  its 
oxide  is  nearly  the  same.  It  appears  to  be 
capable  of  uniting  with  most  other  metals, 
but  not  with  sulphur.  Guyton  found  thajt 
the  oxide  gives,  great  permanence  to  vegetable 
colours. 

M.  Wohler  has  written  a  memoir  on  tung- 
sten and  its  combinations  in  the  Annalet  tU 
Chimiet  xxix.  43.  Oxide  of  tungsten  inflames 
in  the  air,  and  becomes  tungstic  add.  100 
of  the  former  absorb  8  of  oxygen ;  while  100 
of  metallic  tungsten  absorb  25  in  becoming 
tungstic  add.  M.  Wohler  describes  three 
chlorides  of  tungsten. 

TUNGSTEN    OF     BASTNAS,     ok 
FALSE  TUNGSTEN.     See  Ceeiom.     ' 

TURBETH  MINERAL.  Yellow  sub- 
deutosulphate  of  mercury. 

TURNSOLE.  HeUotropium.  See  A  a- 
dm. 

TURKEY  STONE.  Cos  Turcica.  See 
Whetslate. 

TURMERIC  (terra  merUa),  curcuma 
lohgOf  is  a  root  brought  to  us  from  the  East 
Indies.  BertlioUet  had  an  opportunity  of 
examining  some  turmeric  that  came  from 
Tobago^  which  was  superior  to  that  which  is 
met  with  in  commerce,  both  in  the  size  of 
roots  and  the  abundance  of  the  colouring  par- 
ticles. This  substance  is  very  rich  in  colour, 
and  there  is  no  other  which  gives  a  yellow 
colour  of  such  brightness;  but  it  possesses 
no  durability,  nor  can  mordants  give  it  a 
sufficient  degree.  Common  salt  and  sal  am- 
moniac are  those  which  fix  the  colour  host, 
but  they  render  it  deeper,  and  make  it  incline 
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to  Uronrn :  Mxne  recommeiid  a  imall  quantity 
of  muruitic  add.  Tbe  root  nmst  be  radnced 
to  powder  to  be  fit  for  use.  It  is  sonactimas 
employed  to  give  the  yellovrs  made  with  weld 
a  gold  cast,  and  to  give  an  mrange  tinge  to 
scarlet;  bnt  the  shade  tbe  turmeric  imparts 
soon  disappears  io  tbe  air. 

TURNERITE.  A  rare  mineral  in  small 
crystals  of  a  yeUow]ab>bn>wn,  or  brownisb- 
ydlow  colour;  brilliant;  primary  Ibrm  an 
oblique  rliombic  ]msm :  scratches  fluor,  but 
yidris  to  tbe  knife;  powder  greyish- white. 
It  conlaina  alumina,  Ume,  magnesia,  and  a 
Tcry  little  irQa»  It  has  been  found  only  on 
Mount  Sorel  in  Paupbiny. 

TURPENTINE  k  afasiaous  juice  ex- 
tracted  from  several  trees.  Sixteen  ounces  of 
Voiice  turpentine^  being  distilled  with  water, 
yielded  four  ounces  and  three  drachms  of 
csaential  oil ;  and  the  same  quantity,  distilled 
without  water,  yielded  with  the  heat  of  a 
water-batb  two  ounces  only.  When  turpen- 
tine is  distilled  or  boiled  wiUi  water  till  it  bft- 
oomes  solid,  it  appears  yellowish ;  when  the 
process  is  farther  continued,  it  acquires  a  red- 
disb-brown  colour.  On  distilling  sixteen 
CMinces  in  a  retort  with  an  open  fire,  increased 
by  degrees,  Neumann  obtained,  first,  four 
ounces  of  a  timpid  colourless  oil ;  then  two 
ounces  and  a  drachm  of  a  dark  brownish-red 
ampyreumatic  oil,  of  the  consistence  of  a  bal- 
sam, and  commonly  distinguished  by  that 
name. 

Hie  essential  oil,  commonly  called  spirit 
of  turpentine,  cannot  without  singular  difli- 
eidty  be  dissolved  in  alcoliol,  though  turpen- 
tine itself  is  easily  soluble  in  that  spirit  One 
part  of  the  oil  may  be  dissolved  in  seven  parts 
of  alcohol;  but  on  standing  a  while^  the 
greatest  part  of  the  oil  separates  and  fsJls  to 
tbe  bottom. 

TURQUOIS  (MINERAL),  OE  GA- 
LA ITE.  Colours  smalt-blue  and  apple- 
green  ;  massive,  disseminated,  and  imitative ; 
dull ;  fracture  conchoidal  or  uneven ;  opaque ; 
harder  than  felspar,  but  sofVer  than  quarts; 
streak  white;  sp.  gr.  2.86  to  3L<X  Its  con- 
stituents are,  alumina  73,  oxide  of  copper 
4.5,  water  18,  oxide  of  iron  4>.— >7bAn.  It 
occurs  in  veins  in  clay-ironstone,  and  in  small 


pieces  In  aShnwt.  ciqp.    It  has 
only  in  the  neighbouiboad  «ff 
the  Kborassan  in  JPaniiL     It  is 
prised  as  an  ornamental  stone  in 
the  neighbouring  countries    Malchiie 
a  green  streak,  but  that  of  calaite  ia 
Bone  Turfuais  ia  phosphate  of  liaae^ 
with  oxide  of  copper. 

TUTENAG.  This  name  is  gmn  in  In- 
dia to  the  metal  sine  It  is 
plied  to  denote  a  wliice  metalMe 
brought  fhnn  China,  caUcd  alao  Ckimem 
per,  tbe  art  of  making  wtncb  is  not  ki 
Europe.  It  is  very  toogh,  strong* 
may  be  easily  cast,  hamasered,  and 
and  the  better  kinds  of  it,  when  well 
factured,  are  very  white,  and  not  aao 
posed  to  tarnish'  than  silver  is.  Thi 
gredients  of  this  compound  may  be 
ed  by  analysis;  namely,  copper,  sine,  and 
iron. 

Some  of  tbe  Ciiincee  white  copper  ia  saii 
to  be  merely  copper  and  arsenic. 

TYPE  METAL.  The  baaia  oT  type  ma- 
tal  for  printers  is  lead,  and  tbe  principal  aili> 
cie  used  in  communicating  bandneas 
mony,  to  which  copper  and  braaa  in 
proportions  are  added.  Hie  psupmies  ef  a 
good  type  metal  are,  that  it  should  nm  fwaly 
into  the  mould,  and  possess  hatdncas  wiihaat 
being  excessively  brittle^  Ibe  aaaaller  leMeis 
are  made  of  a  harder  compOMtion  than 
of  a  larger  sise.  In  a  piece  of 
formed  at  one  of  our  principal 
the  thickness  of  which  was  twn 
found  one  side  hard  and  brittle  when 
and  tbe  other  skle,  consisting  of  nearly  half 
the  piece,  was  soft  like  lead. 
Ikxn  soft  to  hard  vras  sudden,  not 
If  a  parcel  of  letter  of  the  earn 
ing  be  examined,  some  of  tlicm 
and  hard,  and  resist  the  knifo^  but  i 
be  bent  and  cut  into  shavings.  It  omij 
be  imagined,  that  the  duration  and 
of  these  types  must  considerably 
have  been  informed,  but  do  not  ki 
fidct  from  trial,  that  the  types  cast  in  Scot- 
land are  harder  and  more  uniform  in  their 
quab'ties.  ^Nickelsotu 
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ULMIN.  This  name  has  been  given  to 
a  very  singular  substance  lately  examined  by 
Klaproth.  It  differs  essentially  from  every 
oliicr  known  body,  and  must  therefore  con- 
stitute a  new  and  peculiar  vegetable  princi- 
plew  It  exuded  spontaneously  from  the  trunk 
of  a  species  of  elm,  which  Khiproth  conjeo- 
turn  to  be  the  ulmus  nigra,  and  was  sent  to 
faimihNn  Palermo  in  IS02, 

I.  In  its  external  characters  it  resembles 
gmn.     It  was  solid,  hard,  of  a  black  colour, 


and  had  considerable  lustre.    Its 

brown.     It  dissolved  readily  in  the  moutK 

and  was  insipid. 

2.  It  was  completely  insoluble  both  in  al- 
cohol and  ether. 

M.  Dobereiner  says  that  gallic  add  is  eoa- 
vertible  into  ulmin,  by  combining  tbe  add 
with  ammonia,  and  exposing  the  oompoond 
to  oxygen.— ^nn.  de  Ckim,  xxiv.  353L 

ULTRAMARINE.    See  A8crftB.«roKE. 

UMBER.     See  Obes  op  Im>k. 
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VVi'AH0MMEUfUL  Ab  on  of  ur»> 
niuiDt  formerly  called  gfmm  nn'cab.  tmd  by 
Werner  chaicolUe.    See  the  following  articiik 

URANITE,  OK  URANIUM.  Anew 
metallic  tubstance^  discovered  by  Klaprotfa, 
in  the  mineral  called  pechblende.  In  this  it 
it  in  the  state  of  sulpbureC.  But  it  likewise 
occurs  as  an  oxide  in  the  green  mica»  or  luran- 
gUromer,  and  in  the  uranocbre^ 

By  treating  the  ores  of  the  metal  with  the 
nitric  or  nitro-muriatic  acid,  the  oxide  will 
be  dissolved;  and  may  be  precipitated  by 
the  addition  of  a  caustic  alkali.  It  is  in- 
soluble in  water,  and  of  a  yellow  colour; 
but  a  strong  heat  renders  it  of  a  brownish- 

grqr. 

To  obtain  it  pure^  the  ore  should  be  treated 
with  nitric  acid,  the  solution  evaporated  to 
dryness,  and  the  residuum  heated,  so  as  to 
render  any  iron  it  may  contain  insoluble. 
This  being  treated  with  distilled  water,  am- 
monia is  to  be  poured  into  the  solution,  and 
digested  with  it  for  some  time,  which  will 
precipitate  the  uranium  and  retain  the  cop. 
per.  The  precipitate,  well  washed  with  am- 
monia, is  to  be  dissolved  in  nitric  add,  and 
crystallised.  The  green  crystals,  dried  on 
blotting  paper,  are  to  be  dissolved  in  water, 
and  recrystallixed,  so  as  to  get  rid  of  the  lime. 
Lastly,  the  nitrate,  being  exposed  to  -a  red 
iMat,  will  be  converted  into  the  yellow  oxide 
of  uranium. 

It  is  very  diflScult  of  reduction.  Fifty 
grains,  after  being  ignited,  were  formed  into 
a  ball  with  wax,  and  exposed,  in  a  well  closed 
charcoal  crucible,  to  the  most  vehement  heat 
of  a  porcelain  furnace,  the  intensity  of  which 
gave  170^  on  Wedgewood's  pyrometer.  Thus 
a  metallic  button  was  obtained,  weighing  88 
grain%  of  a  dark  grey  colour,  hard,  firmly 
cohering,  fine  grained,  of  very  minute  pores, 
and  externally  glittering.  On  filing  it,  or 
fobbing  it  with  another  hard  body,  the  me- 
tallic lustre  has  an  iron-grey  colour ;  but  in 
less  perfect  essays  it  verges  to  a  brown.  Its 
specific  gravity  was  8. 1.  Buchols,  however, 
obtained  it  as  high  as  9.0. 

There  are  probably  but  two  oxides  of  ura- 
nium ;  the  protoxide,  which  is  greyish-black ; 
and  the  peroxide,  which  is  yellow. 

When  uranium  is  heated  to  redness  in  an 

open  vessel,  it  glows  like  a  live  coal,  and 

passes  into  the  protoxide,  which,  from  the 

experiments  of  Schoiibert,  consists  of 

Uranium,      100  15.7 

Oxygen,   6.373  1.0 

The  precipitate  thrown  down  by  potash 
from  tlie  nitrate  solution  is  called  the  yellow 
&nde.     It  consists  of 

Uranium,       100        31.4  =r  2  primes 

Oxygen,     9.359  aO  ss  3 

It  is  generally  stated,  upon  the  authority 
of  Bucbolz  and  Schoiibert,  that  there  are  two 
oxides  of  uranium ;  but  this  opinion  appears 
vary  doubtful. 


M.  Affwedson  procures  pure  oxide  of  ur»> 
■ium  in  the  following  way :— .Finely  pulve- 
rised pacfablende  is  to  be  dissolved  by  a  gentle 
beat  in  mtio-mariatic  add,  after  which  a  good 
deal  of  water  i»  to  baadded^  and  a  Uttle  mu- 
riatic add,  if  necessary.  Tike,  wsdissolvcd 
matters  are  to  be  removed  (sulphur,  mljict^ 
gsogue),  and  a  current  of  sulphuretted  by* 
drogen  gas  passed  through  the  solution  as 
long  as  it  aflects  it.  The  first  predpitate  is 
dark  coloured;  but  the  second  being  sulphu- 
ret  of  arsenic,  is  yellow.  On  filtration,  the 
liquor  is  free  from  copper,  lead,  and  arsenic ; 
but  contains  iron,  cobalt,  and  sine.  It  is 
now  to  be  digested  with  a  little  nitric  acid  to 
peroxidixe  the  iron,  and  then  decomposed,  by 
carbonate  of  ammonia,  in  excess,  which  leaves 
the  iron  and  earths.  The  filtered  solution  is 
to  be  boiled  as  long  as  carbonate  of  ammonia 
is  disengaged ;  the  oxides  of  uranium,  unc» 
with  part  of  the  oxide  of  cobalt,  fall  down, 
which  are  to  be  collected  on  a  filter  and  dried* 
It  is  then  to  be  heated  to  redness,  by  which 
it  becomes  of  a  dark  green  colour ;  and  after- 
wards, by  digestion  in  dilute  muriatic  add| 
has  the  oxides  of  cobalt  and  sine,  with  a 
small  portion  of  oxide  of  uranium,  dissolved 
out,  and  after  washing  and  drying,  pure 
oxide  of  uranium  remains.  About'  65  parts 
were  in  this  way  obtained  from  100  of  pech- 
blende* 

The  oxide  is  soluble  in  dilute  sulphuric 
add  gently  heated,  and  affords  leroon-co< 
loured  prismatic  crystals.  Its  solution  in 
muriatic  acid,  in  which  it  is  but  imperfectly 
soluble,  affords  yellowish-green  rhomboidal 
tablets.  Phosphoric  acid  dissolved  it,  but 
after  some  time  the  phosphate  falls  down 
in  a  flocculeat  form,  and  of  a  pale  yellow 
colour. 

It  combiota  with  .vitrifiable  subetanocs,  and 
gives  them  a  brown  or  green  colour.  On. 
porcelain,  vrith  the  usual  flux,  it  produces  an 
orange. 

URANOCHRE.  An  ore  of  uranium, 
eantaining  this  metal  in  the  oxidised  state. 
See  the  preceding  article. 

U  R  AT£&  Compounds  of  uric  or  lithic 
add  with  the  salifiable  basea.  See  Actd  (Lj- 
TUic). 

UREA.  The  best  process  for  preparing* 
urea  is  to  evaporate  urine  to  the  consistence 
of  syrup,  taking  care  to  regulate  the  heat  to-, 
wards  the  end  of  the  evaporation;  to  add 
very  gradually  to  the  syrup  its  volume  of 
nitric  acid  (24^  Baum^)  of  1.20;  to  stir  the 
mixture,  and  immerse  it  in  a  bath  of  iced 
water,  to  harden  the  crystals  of  the  addulous 
nitrate  of  urea  which  precipitate;  to  wash 
these  crystals  with  ice-cold  water,  to  drain 
them,  and  press  them  between  the  folds  of 
blotting  paper,  W|^  we  have  thus  separated 
the  adhering  heterogeneous  matters,  we  re- 
dissolve  the  crystals  in  water,  and  add  to  them 
a  sufficient  quantity  of  carbonate  af  potash. 
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to  neutnliw  the  nitric  acid.  We  must  then 
emporate  the  new  liquor,  at  a  gentle  heat, 
almoat  to  diTness;  and  treat  the  residuum 
with  a  very  pure  alcohol,  which  dIsaoWea  only 
the  urea.  On  concentrating  the  alcoholic  so- 
lution, the  urea  crystallizes. 

The  preceding  is  M.  Tbenard's  process* 
which  Dr  Prout  has  improved.  He  separatea 
the  nitrate  of  potash  by  crystallisation,  makes 
the  liquid  urea  into  a  paste  with  animal  char- 
coal, digests  this  with  cold  water,  Slters,  con- 
centrates, then  dissolves  the  new  colourless 
urea  in  alcohol,  and  lastly  crystallises.  The 
process  prescribed  by  Dr  Thomson,  in  the 
fifth  edition  of  his  System,  does  not  answer. 

Urea  crystallizes  in  four-sided  prisms,  which 
are  transparent  and  colourless,  with  a  slight 
pearly  lustre.  It  has  a  peculiar  but  not  uri- 
nous odour ;  it  does  not  affect  litmus  or  tur- 
meric papers ;  it  undergoes  no  change  from 
the  atmosphere,  except  a  slight  deliquescence 
in  very  damp  weather.  In  a  strong  heat  it 
melts,  and  is  partly  decomposed  and  partly 
sublimed  without  change.  The  sp.  gr.  of  the 
crystals  is  about  1.35.  It  is  very  soluble  in 
water.  Alcohol,  at  the  temperature  of  the 
atmosphere,  dissolves  about  20  per  cent ;  and 
when  boiling,  considerably  more  than  its  own 
weight,  from  which  the  urea  separates  on 
coolingf  in  its  crystalline  form.  The  fixed 
alkalu  and  alkaline  earths  decompose  it.  It 
unites  with  most  of  the  metallic  oxides ;  and 
forms  crystalline  compounds  with  the  nitric 
and  oxalic  acids. 

If  cautiously  introduced  into  a  retort  with 
a  wide  short  neck,  it  fuses  with  a  gentle  heat : 
a  white  fume  rises,  which  is  benzoic  acid,  and 
condenses  on  the  sides  of  the  receiver :  crys- 
tallized carbonate  of  ammonia  succeeds,  and 
continues  to  the  end :  neither  water  nor  <m1 
rises,  but  the  sublimate  is  turned  brown :  the 
air  expelled  from  the  apparatus  is  impreg- 
nated with  a  smell  of  garlic  and  stinking  fish : 
when  the  heat  is  very  intense,  the  smell  is 
insupportable.  The  matter  in  the  retort  is 
then  dry,  blackish,  and  covered  with  a  raised 
white  crust,  which  rises  at  length  in  a  heavy 
vapour,  and  attaches  itself  to  the  lower  part 
of  tlie  retort.     This  is  muriate  of  ammonia. 

If  water  be  poured  on  the  residuum,  it 
emits  a  smell  of  prussic  acid.  Burned  on  an 
open  fire  it  exhales  the  same  smell,  gives  out 
ammonia,  and  leaves  one-hundredth  of  its 
weight  of  acrid  white  ashes,  which  turn  syrup 
of  violets  green,  and  contain  a  small  quantity 
of  carbonate  of  soda. 

The  aqueous  solution,  distilled  by  a  gentle' 
firvb  and  carried  to  ebullition,  affords  very 
clear  water  loaded  with  ammonia.  By  adcL- 
ing  more  water,  as  the  liquor  became  inspis- 
sated, Fourcroy  and  Vauquelin  obtained  near- 
ly two-thirds  of  the  wei^t  of  the  urea  in 
carbonate  of  ammonia,  and  the  residuum  was 
wt^  then  exhausted  of  it.  The  latter  portions^ 
however,  were  more  and  more  coloured. 


-    Ihis  decomposition  of  an  animal 
at  the  low  heat  of  boiling  water  i 
markable,  particulariy  vrith  reqpect  to  the 
bonic  acid.     Indeed  it  appears  thai 
slight  change  of  equilibrium  is 
cause  its  constituent  principles  to 
the  state  oi  ammonia,  and  cariwoir, 
and  acetous  acids. 

Urea  has  been  recently  analysed  by  D* 
Pkout  and  M.  BennL  The  foOowiog  are 
its  constituents  :— 

PerCeDt  Per  Cent 
Hydrogen,     10.80      6.66    2 
Carbon,  19.40     1999     1 

Oxygen,        26.40    9a66     1 
Azote,  4a40    46.66     I 


100.00  100.00  37.5 

M.  Wohler  states,  that  when  cyanajgen  u 
treated  with  liquid  ammonia,  aixd 
a  white  crystalline  substance  appear 
the  products.  This  substance  i 
most  readily  when  cyanate  of  silver  is  < 
posed  by  muriate  of  ammonia,  or  cyanate  of 
lead  by  pure  ammonia.  Pirepared  in  the  lat- 
ter way,  it  appears  in  colourieas,  transparcai^ 
four-sided  rectangular  crystals.  Nothing  bet 
oxide  of  lead,  and  the  particulai 
are  the  results  of  this  process.  M. 
considers  it  as  identical. with  we*; 
urea  is  merely  a  cyanate  of  amroooln  vHtb  < 
atom  of  water ;— 4  view  of  the  conatitncBls 
which  coincides  with  that  <^  Dr  Prout.  Urea 
thus  acquires  a  new  interest ;  being  the  firtl 
animal  compound  which  art  has  been  able  to 
form. 

See  Sugar  for  some  remarks  on  the  rela- 
tion between  it  and  urea.  Uric,  or  lidaic  mad, 
is  a  substance  quite  distinct  from  urea  in  ill 
composition.  Tliis  fact,  according  to  Dr 
Prout,  explwns,  why  an  excess  of  oraa 
rally  accompanies  Uie  phosphoric 
and  not  the  lithic.  He  Ihb  aeveval  times 
seen  urea  so  abundant  in  the  urhie  oi  a  per- 
son where  the  phosphoric  diathesb  prevailed^ 
as  to  crystallize  spontaneously  on  the  additiea 
of  nitric  arid,  without  being  concentnaCed  by 
evaporation. 

As  urea  and  uric  acid,  says  M.  Bemd,  are 
the  most  azotized  of  all  animal  subataaces, 
the  secretion  of  urine  appears  to  have  for  ifi 
object  the  separation  of  the  excess  of  aaole 
fVom  the  blood,  as  respiration  separates  ham. 
it  the  excess  of  cart>on. 

Urea  has  a  singular  effect  on  the  crystal- 
lization of  some  salts.  If  muriate  of  soda  be 
dissolved  in  a  solution  of  urea,  it  will  cryv 
tallize  by  evaporation,  not  in  cubes,  but  in 
octaedra :  muriate  of  ammonia,  on  the  con- 
trapy,  treated  in  the  same  way,  instead  of 
crystallizing  in  octaedra,  will  aasume  the 
cubic  form.  The  same  effect  is  produced, 
if  fresh  urine  be  employed. 

URIC  ACID.     See  ActD  (Lrrmc).     * 
URINE.     This  excrementitious  fluid,  in 


URINE.  8Dt  URINK. 

its  natural  state,  •  is  tmnsparent,  of  a  yellow  firom  its  crystalltxed  salts,  was  caHed  /Utibte 

colour,  a  peculiar  smell  and  saline  taste.    Its  talt  of  urine,  or  microcosmic  salt,'  and  was 

production  as  to  quantitj,  and  in  some  mea-  much  employed    in  experiments  with   the 

sure  quality,  depends  on  the  seasons  and  the  blowpipe. 

peculiar  constitution  of  the  individual,  and  is         Tlie  changes  produced  in  urine  by  disease 

likewise  mocfiiied  by  disease.    It  is  observed,  are  considerable,   and  of  importance  to  be 

that  perspiration  carries  off  more  or  less  of  known.    It  is  of  a  red  colour,  small  in  quan- 

the  fluid,  which  would  else  have  passed  off  ttty,  and  peculiarly  acrid,  in  inflammatory 

by  urine ;  so  that  the  profusion  of  the  for-  diseases,  but  deposits  no  sediment  on  stand- 

mer  is  attended  with  a  diminution  of  the  lat-  ing.     CorrosiTe  muriate  of  mercury  throws 

ter.  down  from  it  a  copious  precipitate.    Toward 

From  the  alkaline  smell  of  urine  kept  for  the  termination  of  sudi  diseases,  it  becomes 
a  certain  time>  and  other  circumstances,  it  more  abundant,  and  deposits  a  copious  pink- 
was  formo-ly  supposed  to  be  an  alkaline  coloured  sediment,  consisting  of  rosacic  add, 
fluid ;  but  by  its  reddening  paper  stained  with  a  little  phosphate  of  lime  and  uric 
blue  with  litmus  or  the  juice  of  radishes,  it  add. 
appears  to  contain  an  excess  of  add.  In  jaundice  it  contains  a  deep  yellow  co* 

The  numerous  researches  made  concerning  louring  matter,   capable  of  staining  linen, 

urine  have  given  the  following  as  its  compo-  Muriatic  acid  renders  it  green,  and  this  indi- 

nent  parts:— 1.  water;  2,  urea;  3.  phosphoric  cates  the  presence  of  bile.     Sometimes,  too, 

add ;  4,  5,  6,  7.  phosphates  of  lime,  magne-  according  to    Fourcroy  and   Vauquelin,   it 

sia,  soda,  and  ammonia;  8,  9,  10,  11.  lithic,  contains  a  substance  analogous  to  the  yellow 

rosadc,  bensoic,  and  carbonic  add ;  12:  car-  acid,  which  they  formed' by  the  action  of  ni- 

bonate  of  lime ;  13,  14.  muriates  of  soda  and  trie  add  on  muscular  fibre, 
ammonia;    15.  gelatin;    16.  albumen;    17.         In  hjrsterical  affections  it  is  copious,  linv 

resin ;  18.  sulphur.  pid,  and  colourless,  containing  much  salt, 

Muriate  of  potash  may  sometimes  be  d^  but  scarcely  any  urea  or  gelatin, 
tected  in  urine,  by  cautiously  dropping  into  In  dropsy  the  urine  is  generally  loaded 
it  some  tartaric  add ;  as  may  sulphate  of  soda  with  albumen,  so  as  to  become  milky,  or 
or  of  lime,  by  a  solution  of  muriate  of  baryta,  even  coagulate  by  heat,  or  on  the  addition  of 
which  will  throw  down  sulphate  of  baryta  adds.  In  dropsy  from  diseased  liver,  how- 
together  with  its  phosphate ;  and  these  may  ever,  no  albumen  is  present ;  but  the  urine 
be  separated  by  a  sufficient  quantity  of  mu-  is  scanty,  high  coloured,  and  deposits  the 
riatic  add,  which  will  take  up  the  latter.  pink-coloured  sediment. 

Urine  soon  undergoes  spontaneous  changes.         In  dyspepsy,  or  indigestion,   tlie  urine 

which  are  more  or  less  speedy  and  extensive,  abounds  in  gelatin,  and  putrefies  rapidly, 
according  to  its  state,  as  wdl  as  the  tempera-         In  rickets,  the  urine  contains  a  great  deal 

tare  of  the  air.    Its  smell,  when  fresh  made,  of  a  calcareous  salt,  which  has  been  supposed 

and  healthy,  is  somewhat  ftagrant ;  but  this  to  be  phosphate  of  lime,   but  according  to 

presently  goes  off,  and  is  succeeded  by  a  pe-  Bonhomme  it  is  the  oxalate, 
culiar  odour  termed  urinous.     As  it  b^ns         Some  instances  are  mentioned,  in  which 

to  be  decomposed,  its  smell  is  not  very  unlike  females  have  voided  urine  of  a  milky  ap- 

that  of  sour  milk ;  but  this  soon  changes  to  pearance,  and  containing  a  certain  portion  of 

a  fetid  alkaline  odour.    It  must  be  observed,  the  caseous  part  of  mUk. 
however,   that  turpentine^    asparagus,    and         But  among  the  most  remarkable  altera- 

many  other  vegetable  substances,  taken  as  tions  of  urine  is  that  in  the  diabetes,  when 

medidne,  or  used  as  food,  have  a  very  power-  the  urine  is  sometimes  so  loaded  with  sugar, 

ful  effect  on  the  smell  of  the  urine.    Its  ten-  as  to  be  capable  of  being  fermented  into  a 

dency  to  putrefaction  depends  almost  wholly  vinous  liquor.     Upwards  of  one-twelfth  of 

on  the  quantity  of  gelatin  and  albumen  it  its  wdght  of  sugar  was  extracted  from  some 

contains ;   in  many  cases,  where  these  are  diabetic  urine  by  Cruickshank,  which  was  at 

abundant,  it  comes  on  very  quickly  indeed.  the  rate  of  twenty-nine  ounces  troy  a  day 

According  to  Berzelius,   healthy  human  from  one  patient.     In  this  disease^  however, 

urine  is  composed  of,  water  033,  urea  30. 10,  the  urine,  though  always  in  very  large  quan- 

sulphate  of  potash  3.71,  sulphate  of  soda  tity,  is  sometimes  not  sweet,  but  insipid. 
'3.16,  phosphate  of  soda  2.94s  muriate  of         The  urine  of  some  animals,  examined  by 

soda  4.45^  phosphate  of  ammonia  1.65,  mu-  Fourcroy,  Vauquelin,  and  Rouelle,  jun.  ap- 

riate  of  ammonia  1.50,  free  acetic  add,  with  pears  to  differ  from  tlMt  of  man  in  wanting 

lactate  of  ammonia,  animal  matter  soluble  in  the  phosphoric  and  lithic  adds,  and  contain- 

alcohol,  urea  adhering  to  the  preceding,  alto-  ing  the  bensoic.     Hiat  of  the  horse,  accord- 

gether  17.14,  earthy  phosphates,  with  a  trace  ing  to  the  former  two,  consists  of  bensoate 

oi  fluate  of  lime  1.0,  uric  add  1,  mucus  of  of  soda  .024,  carbonate  of  lime  .011,  carbo- 

the  bladder  0.32,  silica  0.3,  in  1000.0.    The  nete  of  soda  .009,  muriate  of  potash  .000» 

phosphate  of  ammonia  and  soda,  obtained  urea  .007,  water  and  mucilage  .940.    Giese, 

from  urine  by  removing  by  alcohol  the  urea  however,   observes,   that  the  proportion  of 
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bcnsMte  of  lodft  Tarics  greatly,  so  Uiat  iBomer 
timet  scarcely  any  caa  be  found.  Notwhii- 
ttandiDg  the  assertions  of  these  chemista^  that 
the  urine  of  the  hone  contains  ho  phosphoric 
acid,  Giobert  affirms  that  phOH^honia  maybe 
made  from  it. 

That  of  the  cow,  according  to  RomUe^ 
contains  caibonate,  sulphate^  and  muriate  c^ 
potash,  benzoic  acid,  and  urea :  that  of  the 
camel  differed  from  it  in  affording  no  ben- 
loic  add ;  that  of  the  rabbit,  according  to 
Vauquelin,  contains  the  carbonates  of  Hma^ 
magnesia,  and  potash,  sulphate*  of  potash 
snd  lime,  muriate  of  potash,  urea,  gelatin, 
and  sulphur.  AU  theM  appear  to  contain 
some  free  alkali,  as  they  turn  syrup  of  vioWts 
green.  In  the  urine  of  domestic'  fowls, 
Fourcroy  and  Vauquelin  found  Ulhic  add. 


Urtne  1as  been 
phosphorus,  Tolatile  alkaUs 
mac ;  monUb  to  the  produce 
and  it  iavery  uaefiii  in  a  putrid 
loouring  woollens. 

URINE  (BLUE).  Ii 
conditions  of  the  body  a  btne 
voided,  which  M.  Braconnot 
count  of  in  the  89tfa  vohnne  of  the  Ai 
ds  Gfttai.  rl  de  Pkyu  p.  25&.  It  is  a 
liar  substance  which  givea  the  oolovr. 
proposes  to  call  it  cyawmsinem  It 
the  organic  aalifiahle  bases  in  oosDbii 
acids,  in  refusing  to  disaolve  in  allmli^  aeda 
the  large  praportioa  of  cartxm  whkk  k  csfr 
tains. 

URINARY  CALCULL      See  CaiccK 
(Ubikaby). 


VAPOUR.  The  general  prtndples  of 
the  formation  of  vapour  have  been  eiplainad 
under  the  article  Calobic,  {ckamget  oftiate). 
Some  observations  have  beest  added  under 
EvAPOaATiOM  and  Gaa. 

Fig.  15.  Plate  XIV.  leptesents  one  form 
of  the  apparatus,  which  I  emplojred  for  de* 
termining  the  elastic  force  of  vapours  at  dif> 
IcKat  temperatures.  L,  1,  are  the  initial 
levels  of  the  mercurial  columns  in  the  two 
4cg8.  of  the  syphon  barometer.  /  is  the  fine 
wire  of  platina  to  which  the  quicksilver  was 
asadc  a  tangent,  at  every  meaaurement,  by 
pouring  mercury  into  the  open  leg,  till  its 
vertical  pressure  equipoised  the  elartic  force 
of  the  vapour  above  /.  The  column  added 
over  L,  measured  directly  that  elastic  forca 
See  the  Tables  in  the  Appendix.  See  Ca- 
loric. 

VAREC.  The  French  name  for  kelp, 
ar  incinerated  sea-weed. 

VARNISH.  Lac  varnishes  or  lacquers 
Aonsist  of  different  resins  in  a  state  of  solu- 
tion, of  which  the  most  common  are  mastic^ 
sandarach,  lac,  bensoin,  copal,  amber,  and 
asphaltum.  The  menstrua  are  either  ex- 
pressed or  essential  oils,  or  alcohol.  For  a 
varnish  of  the  first  kind,  the  common  pain- 
ter's varnish  is  to  be  united  by  gently  boiling 
it  with  some  more  mastic  or  colophpnjr,  and 
then  diluted  again  with  a  little  more  oil  of 
•turpentine,  llie  latter  addition  promotes 
both  the  glossy  i^ipearance  and  drying  of  the 
'Viunish. 

Of  this  sort  also  is  the  amber  varnish. 
To  make  this  varnish,  half  a  pound  of  amber 
n  kept  over  a  gentle  fire  in  a  covered  iron 
pot,  in  the  lid  of  which  there  is  a  small  hole, 
till  it  is  observed  to  become  soft,  and  to  be 
melted  together  into  one  mass.  As  soon  as 
this  is  perceived,  the  vessel  is  taken  from  off 
the  fire,  and  suffered  to  cool  a  little,  when  a 
pound  of  good  painter's  varnish  is  added  to 


k,  and  the  whole  auffiered  t»  boil  op 
over  the  fire,  keeping  it  contiBiHlly 
After  this,  it  is  agaip  removed  from  the  fin; 
and  when  it  is  become  aatnewliat  coai  a 
p6und  of  oil  of  turpentine  is  to  l>c  gndnsBr 
mixed  with  iL  {Should  the  varaidi,  wiien  it 
•is  co<^  happen  to  be  yet  loo  tfai^  it  may  hr 
attenuated  with  mote  oil  of 
vamisli  haa  always  a  dark  brown 
cause  the  amber  is  previouaiy  hai£^vaed  ia 
this  opemtion;  but  if  it  be  reqoind  i^a 


bright  colour,  amber  powder 
solved  in  transpaamt  paiiiter*8 
Pippin's  machine^  by  a  gentle  ftr^ 

As  an  instance  of  the  second  sort  of  ke 
varnishes  with  ethereal  oib  alone^  auy  hs 
adduced  the  varnish  made  with  oil  of  i 
Une.  For  making  this»  mastic  akme  is 
solved  in  oil  of  turpentine  by  a  very 
digesting  heat,  in  dose  glass 
is  the  varnish  used  finr  the 
rendes  employed  as  window-bUnds* 
screens,  and  for  other  poiposca. 
commonly  prints,  coloured  on 
and  afterwards  coated  with  this 
diose  parts  that  are  intended  to  be 
rent.  Sometimes  fine  thin  calicow>  or  Imh 
Unen,  is  used  for  this  purpooe ;  but  it  re- 
quires to  be  primed  with  a  solulioD  of  ioi^ 
glass,  before  the  c(»lour  is  laid  on. 

Copal  may  be  dissolved  in  genwne  Chw 
turpentine^  according  to  Mr  SbeMiekcb  ky 
adding  it  in  powder  to  the  turpentijie  pie> 
viously  melted,  and  stirring  tiH  the  whole  is 
fused.  Oil  of  turpentine  may  then  bo  addsd 
to  dilute  it  suffidently. 

A  varnish  of  the  consistence  of  diin  tur- 
pentine is  obtained  by  the  digestion  of  oat 
part  of  elastic  gum,  or  caoutchouc,  cut  into 
small  pieces,  in  thirty-two  parts  of  naphtks. 
Fkieviously  to  its  being  used,  however,  it 
must  be  passed  through  a  Knea  dodv  is 
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order  tluit  the  vrnduiolvtid  ]Nurts  may  be  left 
behind. 

llie  third  sort  of  varnishee  consists  in  the 
spirit  TAirmsh.  The  most  solid  resins  by 
tbemselTes  produoe  brittle  wnishce ;  there- 
fore^ something  of  e  softer  substance  must 
idways  be  mixed  with  them,  whereby  thia 
brittleneaa  is  dindntshed.  For  this  purpose^ 
elemiy  turpentine,  or  balsam  of  copaJTa,  are 
employed  in  proper  proportions.  For  the 
solution  of  these  bodies  the  strongest  alcohol 
ought  to  be  used,  which  may  very  jwoperly 
indeed  be  distilled  over  alkali,  but  must  not 
have  stood  upon  alludi. 

In  conformity  to  these  rules,  a  fine  colour- 
less Tarnish  may  be  obtained,  by  dissolYing 
eight  ounces  of  gum-sandamch  and  two 
ounces  of  Venice  turpentine^  in  thirty>two 
ounces  of  alcohol  by  a  genUe  heat.  Five 
oimces  of  shell-lac  and  one  of  turpentine, 
dissolved  in  thirty-two  ounces  of  alcohol  by 
a  very  gentle  heat,  give  a  harder  varnish,  but 
of  a  reddish  cast  To  these  the  solution  of 
copal  is  undoubtedly  preferable  in  many  re- 
spects. This  is  effected  by  triturating  an 
ounce  of  powder  of  gum  copal,  which  has 
been  well  dried  by  a  gentle  beat,  with  a 
drachm  of  camphor;  and,  while  these  are 
mixing  together,  adding  by  degrees  four 
ounces  of  the  strongest  alcohol,  without  any 
digestion. 

Between  this  and  the  gold  varnish  there  is 
only  this  difference,  that  some  substances 
that  communicate  a  yellow  tinge  are  to  be 
added  to  the  latter.  Take  two  ounces  of 
shell-lac,  of  annotto  and  turmeric  of  each  one 
ounce,  and  thirty  grains  of  iine  dragon's- 
blood,  and  make  an  extract  with  twenty 
ounces  of  alcohol  in  a  gentle  heat. 

Oil  varnishes  are  commonly  mixed  im- 
mediately with  the  colours,  but  lac  or  lac- 
quer varnishes  are  laid  on  by  themselves  upon 
a  burnished  coloured  ground :  when  they  are 
intended  to  be  laid  upon  naked  wood,  a 
ground  should  be  first  given  them  of  strong 
siie»  either  alone,  or  with  some  earthy  colour 
mixed  up  with  it  by  levigadon.  llie  gold 
lacquer  is  simply  rubbed  over  brass,  tin,  or 
s'tlver,  to  give  them  a  gold  colour. 

Before  a  resin  is  dusolved  in  a  fixed  oil, 
it  is  necessary  to  render  the  oil  drying.  For 
this  purpose  the  oil  is  boiled  with  metallic 
oxides,  in  which  operation  the  mucilage  of 
the  oil  combines  with  the  metal,  while  the  oil 
itsdif  unites  with  the  oxygen  of  the  oxide. 
To  accelerate  the  drying  of  this  varnish,  it  is 
necessary  to  add  ml  of  turpentine. 

The  essentia]  varnishes  consist  of  a  solu- 
tion of  resin  in  oil  of  turpentine.  The  var- 
nish being  applied,  the  essential  oil  flies  off, 
and  leaves  the  resin.  This  is  used  only  lor 
paintings. 

When  resins  are  dissolved  in  alcohol,  the 
varnish  dries  very  speedily,  and  is  subject  to 
crack  ;  but  tliis  fiiult  is  corrected  by  adding 


a  small  Quantity  of  tlitpeotiiie  to  the  witn 
tvrtf  which  renders  it  brighter,  and  less 
brittle  when  dry. 

The  coloured  resins  or  gums,  such  as 
gamboge,  drsgonVblood,  Ac.  are  used  to 
colour  varnishes. 

To  give  lustre  to  the  varnish  after  it  is  laid 
on,  it  is  rubbed  with  pounded  pumice-stone 
and  water ;  which  being  dried  with  a  cloth, 
the  work  is  afterward  rubbed  with  an  oiled 
rag  and  tripoli.  The  surface  is  last  of  all 
cleaned  with  soft  linen  cloths,  cleared  of  all 
greaainess  with  powder  of  starch,  and  rubbed 
bright  with  the  palm  of  the  hand. 

The  following  recipe  for  a  good  qpirit  var- 
nish is  given  by  Tiagry  :^- 

Take  strong  alcohol  32  parts,  pure  mastic 
4^  sandarach  3»  clear  Venice  turpentine  3, 
coarsely  ground  glass  4k    Reduce  the  maatic 
and  the  sandarach  to  fine  powder;  introduce 
them  with  the  glass  and  spirit  into  a  matraasy 
which  is  to  be  placed  in  hot  water  for  one  or 
two  hours,  taking  care  to  stir  up  the  mate- 
rials ftom  time  to  time  with  a  glass  spatula. 
Then  pour  in  the  turpentine*  and  keep  the 
vessel  for  half  an  hour  longer  in  the  water. 
Next  day  decant  off  the  liquor,  and  filter  it 
through  cotton.     It  will  be  perfectly  limpid. 
This  varnish  is  usually  applied  to  objects  of 
the  toilette,  as  work-boxes,  card-cases,  Ac 
Essence  varnish  by  the  same. 
Take  mastic  in  powder  12  parts,   pure 
turpentine  If,  camphor  in  bits  ^,   crystal 
glass  ground  5,  rectified  oil  of  turpentine  36. 
Put  the  mastic,  camphor,  glass,  and  oil,  into 
a  matrass,  and  dissolve,  as  above  prescribed. 
This  varnish  is  applied  to  paintings. 
Fat  varnish. 

Take  copal  16  parts,  linseed  or  poppy  oil 
made  drying  with  litharge  8,  oil  of  turpen- 
tine 16.  Melt  the  copal  in  a  matrass,  by 
exposing  it  to  a  moderate  heat ;  pour  then 
upon  it  the  boiling  hot  oil ;  stir  the  mixture^ 
and  when  the  temperature  has  fallen  to  about 
200°  F.  add  the  oil  of  turpentine  heated. 
Strain  the  whole  immediately  through  linen 
cloth,  and  keep  the  varnish  in  a  wide-mouthed 
bottle.  It  becomes  very  clear  in  a  little 
while*  and  is  almost  colourless  when  well 
made.  Copal  varnish  is  applied  on  coaches, 
also  generally  on  polished  iron,  brass,  copper, 
and  wood. 

VAUQUELINITE.  Chromate  of  lead 
and  copper ;  a  mineral  which  occurs  in  small 
crystals  on  quartz,  accompenjring  the  chro- 
mate of  lead,  in  Siberia. 

VEGETABLE  KINGDOM.  Hie 
principles  of  which  vegetables  are  composed, 
if  we  pursue  their  analysis  as  far  as  our 
means  have  hitherto  allowed,  are  chiefly  car- 
bon, hydrogen,  and  oxygen.  Nitrogen  is 
a  constituent  principle  of  several,  but  for 
the  most  part  in  small  quantity.  Potash, 
soda,  lime^  magnesia,  silex,  alumina,  sul- 
phur, phosphorus,  iron,  manganese,  and  mu- 
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■dd,  have  likewiae  been  re^oned  in 
the  nomber ;  but  tome  of  tbeie  oecur  only 
aocaaooelly,  and  diiefly  in  rerj  small  qoan- 
tities;  and  are  acarcdy  more  entitled  to  be 
oonaidefed  as  belonging  to  tfacm  than  gold, 
or  flome  other  substances,  that  have  been 
oocasionaUy  procured  from  their  decompo- 
sition. 

The  following  are  the  principal  produdi 
of  Tegetation  :— 

1.  Sugar.  Crystdlizes;  soluble  in  water 
and  alcohol;  taste  sweet;  soluble  in  nitric 
add,  and  yields  oxalic  add. 

2.  SarcocoO.  Does  not  crystallise ;  solu- 
ble in  water  and  alcohol ;  taste  bitter  sweet; 
soluble  in  nitric  add,  aiul  yields  oxalic  acid. 

3.  Asparagin,  Crystallises;  taste coc^ng 
and  nauseous;  soluble  in  hot  water;  inso- 
luble in  alcohol ;  soluble  in  nitric  add,  and 
coDTerted  into  bitter  prindple  and  artiBcial 
tannin. 

4.  Gunu  Does  not  crystallize ;  taste  in- 
sipTd ;  soluble  in  water,  and  fonns  mudlage; 
insoluble  in  alo^ol ;  precipitated  by  sUicated 
potash;  soluble  in  nitric  add,  and  fimns 
mucous  and  oxalic  adds. 

5.  Ulmin,  Does  not  crystallize;  taste 
inupid ;  soluble  in  water,  and  does  not  form 
mudlage ;  predpitaied  by  nitric  and  oxymu- 
riatic  adds  in  the  state  of  resin;  insoluble 
in  idcoboL 

6.  Inulin.  A  white  powder;  insoluble 
in  cold  water ;  soluble  in  boiling  wat^r ;  but 
predpitates  unaltered  after  the  solution  coeds; 
insoluble  in  alcohol ;  soluble  in  nitric  add, 
and  yields  oxalic  add. 

7.  Starch.  A  white  powder;  taste  insi- 
pid ;  iiuoluble  in  cold  water ;  soluble  in  hot 
water;  opaque  and  glutinous;  precipitated 
by  an  infusion  of  nut-galls;  predpitate  re- 
dissoWed  by  a  beat  of  120^;  insoluble  in 
alcohol;  soluble  in  dilute  nitric  add,  and 
precipitated  by  alcohol;  with  nitric  add 
yields  oxalic  acid  and  a  waxy  matter. 

-  8.  Indigo.  A  blue  powder ;  taste  insipid ; 
insoluble  in  water,  alcohol,  ether ;  soluble  in 
sulphuric  acid;  soluble  in  nitric  add,  and 
converted  into  bitter  prindple  and  artificial 
tannin. 

9.  Gluten.  Forms  a  ductile  elastic  mass 
with  water ;  partially  soluble  in  water ;  pre- 
dpitated  by  infusion  of  nut-galls  and  oxygen- 
ized muriatie  add ;  soluble  in  acetic  add  and 
muriatic  add ;  insoluble  in  alcohol ;  by  fer- 
mentation becomes  viscid  and  adhesive,  and 
then  assumes  the  properties  of  cheese ;  solu- 
ble in  nitric  add,  and  yields  oxalic  acid. 

10.  Albumen.  Soluble  in  cold  water; 
coagulated  by  heat,  and  becomes  insoluble ; 
insoluble  in  idcobol ;  predpitated  by  infusion 
of  nut-galls;  soluble  in  nitric  add;  soon 
putrefies. 

11.  Fibrin.  Tastelesa;  insoluble  in  water 
and  alcohol ;  soluble  in  diluted  alkalis>  and 
in  nitric  add ;  soon  putrefies. 


of  tin, 


12.  GefalM.     In 
does  not  coagulate  vrhen  heated; 
ed  by  infusion  of  gafls. 

13.  Biiter  prmapk.      Coloor 
bffown;  taste  bitter;  equally  soluble  in 
and  aloofaol ;  soluble  in  nitric  add  ; 
tated  by  nitnte  of  silver. 

14w  Extraelxoe.     Soluble  in  walei 
cobol;   insoluble  in  edier;  pradiiitaied  by 
oxygenized  muriatic  add,   mortate 
and  muriate  of  alumina;  but  not  by 
dyes  fawn  c(4our. 

lot.  Taniim.      Taste  astringent; 
in  water  and  in  alcohol  of  Ol810  ; 
tated  by  gelatin,  muriate  of  alnminay  and 
muriate  of  tin. 

16.  Fixed  oils.  No  smeD;  insoluble  in 
water  and  alcohol ;  fonn  soaps  vrith  nlkafii; 
coagulated  by  earthy  and  m^allic  salts. 

17.  fTojr.  Insoluble  in  water;  soluble  in 
alcohol,  ether,  and  oils;  forms  soap  with  al- 
kalis; funble. 

la  Folatile  oiL  Strang  smeil ;  insolable 
in  water;  soluble  in  alcohol;  liquid;  vola* 
tile ;  oily ;  by  nitric  add  inflamed,  and  con* 
verted  into  resinous  substances. 

19.  Camphor.  Strong  odour;  ciysialS- 
zes;  very  little  soluble  in  water;  soluble  in 
akdhol,  oils,  adds;  insoluble  in  alkaEs; 
bums  vrith  a  clear  flamc^  and  volatilises  be- 
fore melting. 

20.  Birdlime.  Vkdd;  teste  imapid;  ia- 
soluble  in  water;  partially  soluble  in  ako* 
hoi ;  very  soluUe  in  ether;  solution  green. 

21.  Resins.  Sblid;  melt  when  heated; 
insoluble  in  water;  sohible  in  alcohol,  ctbcr, 
and  alkalis ;  soluble  in  acetic  add ;  by  mlric 
add  converted  into  artificial  tam»iw- 

22.  Guaiacum.  Possesses  the  charactBS 
of  resins ;  but  dissolves  in  nitric  acid,  and 
yields  oxalic  add  and  no  tannin. 

23.  Balsams.  Possess  the 
the  resins,  but  have  a  strong  smell; 
heated,  benzoic  add  sublimes;  it  fw^^rmn 
also  when  they  are  dissolved  in  sulpfamie 
add ;  by  nitric  add  converted  into 
tannin. 

24.  CaoutcUoue.     Very 
in  water  and  alcohol ;  when  steeped  in 
reduced  to  a  pulp,  which  adheres  to 
thing;   fusible,   and  remains  liqiud; 
combustible. 

25.  Gum  resins.  Form  milky  solutions 
with  water,  transparent  with  alcohol ;  salable 
in  alkalis;  with  nitric  add  converted  into 
tannin ;  strong  smdi ;  brittle,  opaque^  inln- 
sible. 

26.  Cotton.  Composed  of  fibres; 
less;  very  combustible;  insoluble  in 
alcohol,  and  ether;  soluble  in  alkalis; 
oxalic  add  to  nitric  add. 

21,  Sober.  Bums  bright,  and  swells; 
converted  by  nitric  add  into  suberic  add 
and  wax  ;  partially  soluble  in  water  and  aU 
cohol. 
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28.  Wood,  Compoeed  of  fibres;  taste- 
less; insoluble  in  water  and  alcohol ;  soluble 
in  weak  alkaline  lixiyium;  precipitated  by 
adds;  leaves  much  charcoal  when  distilled 
in  a  red  heat;  soluble  in  nitric  acid,  and 
yields  oxalic  acid. 

To  the  preceding  we  may  add,  emetin, 

fungin,  hematin,  nicotin,  pollenin,  solanioe, 

.cafiein,  narcotine ;  the  new  vegetable  alkalis, 

.aconita,  atropia,   bnicia,   cinchonia,   cicuta, 

.datura,  delpbia,  hyosciama,  morphia,  picro- 

tozia,  quinia,  corydalia,  guarania,  strychnia, 

venitria;   and   the  various  vegetable  acids 

enumerated  under  the  general  article  AciD. 

MM.  Dumas  and  Pelletier  published  a 
memoir  on  the  elementary  composition  and 
.  certain  characteristic  properties  of  the  organic 
•  salifiable  bases  (v^^eto-alkalis),  in  the  244h 
volume  of  the  jIntuU.  de  Ckim.  et  de  Phys, 
p.  163.  which  was  read  to  the  Academy  of 
Sciences  5th  May  182a  The  following  is  a 
tabular  view  of  the  relations  of  carbon  and 
azote  in  these  alkaline  bodies. 


CaibODlc  acid. 

Azot& 

Quinia, 

100 

5.1 

Cinchonia, 

100 

5.0 

Strychnia, 

100 

4.9 

Narcotine, 

100 

4.5 

Brucina, 

120 

5.0 

Morphia, 

100 

S.2 

100 

as 

Emetin, 

100 

ai 

Caffein, 

100 

20.0 

M.  Robiquet  has  on  more  than  one  occa- 
sion stated  his  doubts  of  the  pre-ezistence  of 
oiganic  alkalis  in  vegetables;  and  he  con- 
jectures that  they  were  produced  by  the  re^ 
action  of  alkaline  substances  on  certain  im- 
mediate products  of  plants,  and  more  parti- 
cularly on  what  may  be  named  the  resinous 
principle  or  rtsinoUie*  The  ammonia  exists 
ing  in  many  vegetables  may  be  supposed  to 
be  an  active  agent  in  such  a  transformation. 
^Annalet  de  Chimie,  xxxt  67. 

VEGETATION  (SALINE).  A  species 
of  crystalline  film  that  shoots  up  spontaneous- 
ly from  the  edges  of  a  solution  of  crystaUlz- 
able  matter,  such  as  salt,  camphor,  &c 

Salts,  particularly  the  metallic,  vegetate  on 
the  side  most  exposed  to  the  light. 

This  phenomenon  is  so  striking,  that  in  the 
space  of  a  few  days,  and  frequently  even 
within  one  single  day,  the  salt  rises  several 
lines  above  the  liquor  upon  the  enlightened 
surface,  while  there  does  not  appear  the 
smallest  crust  or  edge  on  the  dark  part  The 
sulphates  of  iron,  of  zinc,  and  other  metals, 
more  especially  present  this  appearance. 

This  phenomenon  may.  be  rendered  still 
more  interesting,  by  directing  the  vegetation 
at  pleasure  toward  the  different  parts  of  the 
vessel.  For  this  purpose,  nothing  more  is 
required  than  to  cover  the  several  parts  in 
snccession.     For  the  vegetation  always  takes 


place  in  the  enlightened  parts,  and  quicl^ 
ceases  in  that  which  is  covered. 

VElNa  Tlie  ores  of  metals  are  frequent- 
ly found  to  fill  certain  clefts  in  mountains, 
lliese  masses,  when  they  run  out  in  lengtl^ 
are  called  veins.  Inconsiderable  veins,  wUch 
diverge  from  Uie  principal,  are  called  slips ; 
and  such  masses  of  ore  as  are  of  considerable 
magnitude,  but  no  great  length,  are  called 
bellies,  or  stock-works. 

VERATRIA.  A  new  vegetable  alkali, 
discovered  lately  by  MM.  Pelletier  and  Ca- 
ventou,  in  the  teratrum  tabatiUa  (»'  cevadiUa, 
the  veratrum  album  or  white  hdlebore,  and 
the  colchicum  autumnnle  or  meadow  saffron. 

The  seeds  of  cevadilla,  after  being  freed 
from  an  unctuous  and  acrid  matter  by  ether, 
wore  digested  in  boiling  alcohol.  As  this 
infusion  cooled,  a  little  wax  was  deposited'; 
and  the  liquid  being  evaporated  to  an  extract, 
redissolved  in  water,  and  again  concentrated 
by  evaporation,  parted  with  its  colouring 
matter.  Acetate  of  lead  was  now  poured 
into  tlie  solution,  and  an  abundant  yellow 
precipitate  fell,  learing  the  fluid  nearly  co- 
lourless. The  excess  of  lead  was  thrown 
.down  by  sulphuretted  hydrogen,  and  the 
filtered  liquor  being  concentrated  by  evapora- 
tion, was  treated  with  magnesia,  and  again 
.  filtered.  The  precipitate,  boiled  in  alcohol, 
gave  a  solution,  which,  on  evaporation,  left  a 
pulverulent  matter,  extremely  bitter,  and 
with  decidedly  alkaline  characters.  It  was 
at  first  yellow,  but  by  solution  in  alcoh<d, 
and  precipitation  by  water,  was  obtained  in  a 
fine  white  powder. 

The  precipitate  by  the  acetate  of  lead  gave, 
on  examination,  gallic  acid ;  and  hence  it  is 
concluded  that  the  new  alkali  existed  in  the 
seed  as  a  gallate. 

Veratria  was  found  in  the  other  plants 
above  mentioned.  It  b  white,  pulverulent, 
has  no  odour,  but  excites  violent  sneezing. 
It  is  very  acrid,  but  not  bitter.  It  pro- 
duced violent  vomiting  in  very  small  doses, 
and,  according  to  some  experiments,  a  few 
grains  may  cause  death.  It  is  very  little 
soluble  in  cold  water.  Boiling  water  dis- 
solves about  1- 1000th  part,  and  becomes 
acrid  to  the  taste.  It  is  very  soluble  in  al- 
cohol, and  rather  less  soluble  in  ether.  It 
fiises  at  122°  Fahr.  and  then  appears  like 
wax.  On  cooling,  it  becomes  an  amber- 
coloured  translucent  mass.  Heated  more 
highly,  it  swells,  decomposes,  and  bums. 
Decomposed  by  oxide  of  copper,  it  gave  no 
trace  of  azote.  It  acts  on  test  papers  like  an 
alkali,  and  forms  salts  uncrystallizable  by 
evaporation.  The  salts  appear  like  a  gum. 
The  supersulphate  only  seems  to  present 
crystals.  Strong  solutions  of  these  salts  are 
partially  decomposed  by  water.  Veratria 
falls  down,  and  the  solution  becomes  acid. 
The  bisulphate  appears  to  consist  of— 
Veratria,  9a723      100  . 

Sulphuric  acid,    6.227  6.6441 
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Hm  muriale  is  compoMd  of«— 

Ventria,  95.8006     100 

Muriatic  acid*      4. 1394        4^3181 
.    Iodine  and  chlorine  produce  with  Tentria 
an  iodate^  hydriodate^  chloride,  and  muriate. 
VERDIGRI&     A  crude  acetate  of  cop. 
per. 

Mr  Phillips  has  lately  publiihed  the  foU 
h>wing  analysu  of  verdigris. 

lyench.       EagUib. 

AceUc  acid,  29.3        29.62 

.     Peroxide  of  copper,       43.5        44.25 

Water,  25u2        25.51 

Impurity,  2.0  0.62 


100.0    loaoo 

PhiUipi  Annais,  No.  21. 
VERDITER  is  a  blue  pigment,  obtained 
by  adding  ehalk  or  whiting  to  the  solution  of 
copper  in  aquafortis.  Dr  Merret  says,  that 
it  is  prepared  in  the  following  manner  :-»-A 
quantity  of  whiting  is  put  into  a  tub,  and 
upon  this  the  solution  of  the  copper  is  poured, 
llie  mixture  »  to  be  stirred  every  day  for 
some  hours  together,  till  the  liquor  loees  its 
colour.  The  liquor  is  then  to  b«  poured  off, 
and  more  solution  of  copper  is  to  be  added. 
Thb  is  to  be  repeated  till  the  whiting  has  ac- 
quired the  proper  colour.  Then  it  is  to  be 
spread  on  large  pieces  of  chalk,  and  dried  in 
the  sun. 

It  appears  from  M.  Pelletier's  analysis, 
that  100  grains  of  the  very  best  rerditer  con- 
tain, of  carbonic  add  30,  of  water  3|>  of 
pure  lime  7,  of  oxygen  9^,  uid  of  pure  cop- 
per 50.  The  author  remarks*  that  the  r^aeJ^ 
ters  of  inferior  quality  contain  more  chalk 
and  leas  copper. 

VERJUICE.  A  kind  of  hatsh  austere 
vinegar,  made  of  the  expreeeed  juice  of  the 
wild  apple,  or  crab.  The  French  give  this 
name  to  unripe  grapes^  and  to  the  sour  liquor 
obtained  from  them. 

VERMILION.  The  red  sulphuret  of 
mercury,  or  cinnabar. 

VESSELS  (CHEMICAL).      See  La- 

SOftATORY. 

VESUVIAN.  /ciDcmM  of  Haiiy;  a  sub- 
species of  pyramidal  garnet.  Colours  green 
and  brown ;  massive,  disseminated,  and  crys- 
tallised. Primitive  form  a  pyramid  of  129^ 
30^  and  74<»  12^:  The  following  secondaiy 
forms  occur,— a  rectangular  four-sided  prism 
variously  acuminated,  bevelled  or  truncated ; 
the  lateral  planes  of  the  prism  are  longitu- 


diaaUy  fltnaked  s  gKstwring  vii 
cleavage  imperfoet,  but  in  the  directioei  of 
diagonals;  Iracture  small  gniBcd 
translucent;  refracts  double; 
spar ;  brittle ;  ep.  gr.  3.3  to  3.4:  it 
electrical  by  fiiction :  before  lfa»  biw>|iipe 
melts,  witfcKnit  addition^  into  a  ycUowiah 
fointly  trsnslncent  glass.     Its 
are,  silica  35.5,  lime  33^  alamina 
oxide  of  iron  7.5^  oxide  of  mangancw  O. 
loss  1.5.— iTtoprofil.     It  occurs  in 
able  abundance  in  umdfeered  ejected  rocb^ 
the  vicinity  of  Vesuvius.      Ibe 
variety  is  found  at  Sonland,  in  TeOcniaik 
Norway.     At  Naples  it  is  cut  Inlo 


2^ 


VINEGAR.  See  FEKMEKTAmar  (Ao. 
Tous);  and  also  Acm  (Acetic),  where  dK 
mode  of  making  it  is  given* 

VINEGAR  FROM  WOOD.  F^ 
lignousadd. 

VINEGAR  OF  SATURN. 
of  acetate  of  lead. 

VINEGAR  (RADICAL). 

VIGLINA.     A  supposed  new 
alkali,  thought  to  exist  in  the  efofa 
It  has  properties  analogous  to  fWKin,  md 
may  be  extracted  ftom  the  root, 
ers,  and  seeds  of  the  plant.  ■■■Jbune. 
Jan,  1824. 

VITAL  AIR.     Oxygen. 

VITRIFICATION.     See 

SlUCA. 

VITRIOL,  (Muif,  green.  v«rf,«^Ufr).  See 
O&ES  of  CoFPEfi,  Iron,  Cobalt,  Zncc 

VITRIOLIC  ACID.     Sulphuric  add. 

VI VI ANITE.     Phosphate  of  iron. 

VOLATILE  ALKALL     Ammooh. 

VOLATILITY.  Thepropertjof bodbi 
by  which  they  are  disposed  to  assume  At 
vaporous  or  elastic  state^  and  quit  tiie  iciadU 
in  which  they  are  placed. 

VOLCANOES.  See  Ure*s  Gboloct, 
Book  III.  Chap.  ii. 

VOLC  ANITE.     Augite. 

VULPINITE.  Colour  greyMi-whte; 
massive ;  splendent;  Iracture  foliated ;  tn^ 
ments  rfaomboidal ;  in  distinct  granular  eoo- 
cretions;  translucent  on  the  edges;  soft; 
brittle;  ep.  gr.  2.678:  it  melts  easily befioie 
the  blowpipe  into  a  white  opaque  enaad. 
Its  constituents  are,  sulphate  of  lime  92,  sEo 
d.  It  occurs  along  with  granular  foBated 
limestone  at  Vulpino  in  Italy. 


W 


WACKE.  A  minersl  substance  inter- 
mediate between  clay  and  basalt  It  is  some- 
times simple ;  but  when  it  inclines  to  basalt^ 
it  contains  hornblende  and  mica.  It  is  some- 
times spotted,  and  these  spots  are  unformed 
crystals  of  hornblende^  resemblfhg  the  un- 


formed crystals  of  felspar  in  certain  varietia 
of  porphyry.  It  never  contains  augite  or 
olivine.  When  it  ^>proacfaes  to  an  amygdsp 
loid,  it  is  vesicular.  Its  colour  is  greemsb- 
grey;  massive  and  vesicular;  dull;  opaque; 
ttrnk  shining ;  soft ;  easily  fhmgible ;  sp.  gr. 


WATER. 


807 


WATER. 


8.5S  to  8.9 :  Ai«tt  Uke  basalt.  It  iddom 
ooDtaios  petrifiKtioiis.  It  ocoura  aomctimes 
io  beds  and  Ycins;  and  these  veins  contain 
Tery  small  portions  of  ores  of  difierent  kinds» 
as  biamuth»  8ilver-|^lance»  and  magnetic  iron- 
stone. 

WADD.  This  name  is  girca  to  pfaim- 
bagOk  or  black  lead. 

WADD,  BLACK.  An  wee  oC  mang». 
nese  found  in  Derbyshire.  It  is  reosarkiile 
for  the  property  of  taking  fire  when  mixed 
with  linseed  oil. 

WAGNERITE.  One  of  the  rarest  of 
mineral  species.  It  resembles  in  colour, 
transparence  and  lustre,  the  Braailian  topas, 
with  which  it  was  formerly  confounded.  It  is 
easily  scratdied  with  a  knife^  and  the  streak  is 
white  ;  sp.  gr.  3.01 :  fractura  in  a  direction 
transverse  to  the  prism ;  isonevca  and  splin- 
tery :  its  form  is  derivable  from  ao  obliqua 
rhombic  prism ;  most  of  the  pknes  of  the  prism 
are  strongly  striated ;  the  others  are  more  or 
less  brilliant.  It  is  found  in  the  valley  called 
Hollgraben,  near  Werlen  in  Salsbcng,  in 
small  veins  of  quartz  in  day-slafee.  Its  con- 
stitnents,  accordif^  to  Fachs»  are^  phosphoric 
acid  4- 1.73,  fluoric  add  6.50,  magnesia  46.6^ 
oxide  of  iron  5^00,  oxide  of  manganese  0.50. 

WASH.  The  technical  term  for  the  fer* 
mented  liquor,  of  whacfcever  kind»  from  which 
sfHrit  is  intended  to  be  distilled.  See  Aloo- 
SOL  and  Distillation. 
.  WATER.  It  is  scarcely  necessary  to 
^ve  any  definition  or  description  of  this  uni- 
versally known  fluid.  It  is  a  very  transpa- 
wnt  fluid,  possessing  a  modenAe  degree  of 
activity  with  r^^ard  to  organized  substances^ 
which  renders  it  friendly  to  animal  and  vege- 
table life,  for  both  which  it  is  indeed  indis- 
pensably necessary.  Hence  it  acts  but  slightly 
on  the  organs  of  sense^  and  is  therefore  said 
to  have  neither  taste  nor  smcH.  It  appears 
to  possess  considerable  elasticity,  and  yields 
in  «  perceptible  d^ree  to  the  pressure  of  air 
in  the  condensing  machine,  as  Canton  provedp 
by  including  it  in  an  open  glass  vessel  with  a 
narrow  necL 

The  solubility  or  insolubility  of  bodies  in 
thb  fluid  composes  a  large  part  of  the  science 
of  chemistry.     See  Salt. 

The  habitudes  of  water  with  beat  have 
been  detailed  under  Caloric  and  Tempera^ 
ture. 

Water  is  not  only  the  common  measure  of 
apecific  gravities,  but  the  tables  of  these  may 
be  usefully  employed  in  the  admeasurement 
of  irregular  solids ;  for  one  cubic  foot  is  very 
nearly  equal  to  1000  ounces  avoirdupois. 
The  numbers  of  the  table  denoting  the  speci- 
fic gravities,  do  therefore  denote  likewise  the 
number  of  ounces  avoirdupois  in  a  cubic  foot 
of  eacB  substance. 

Native  water  is  seldom,  if  ever,  found  per- 
fectly pure.  The  waters  that  flow  within  or 
upon  the  suHboe  of  the  earth  eontain  various 
earthy,  saline,  metalliCi  vegetable,  or  animal 


to  the  sutistanoes  over  or 
througjh  which  they  pass.  Rain  and  snow 
waters  are  much  purer  than  these,  although 
they  also  contain  whatever  floats  in  the  air, 
or  has  been  exhaled  along  with  the  watery 
vapours. 

The  purity  of  water  nwy  be  known  by 
the  foUowing  marks  or  properties  of  pure 
water:-* 

4.  Pure  water  is  lighter  than  water  that  is 
not  pure. 

2.  Pure  water  is  more  fluid  than  water  that 
is  not  pure. 

3L  It  has  no  colour,  smell,  or  taste. 

4f.  It  wets  more  easily  than  the  watons  con- 
taining metallic  and  earthy  salts,  called  hard 
waters,  «nd  foels  softer  when  touched. 

5.  Soupf  or  a  aolution  of  soap  in  alcohc^ 
mixes  easily  and  perfectly  with  it. 

6.  It  is  not  rendered  tnrbid  by  adding  to 
it  a  solution  of  gold  in  aqua  r^ia,  or  a  solu- 
tion  of  silver,  or  of  lead,  or  of  mercury,  in 
nitric  acid,  or  a  solution  of  acetate  of  lead  in 


For  the  habitudes  of  water  with  saline 
matter,  see  Salt,  and  the  diifcnmt  sub- 
stances. 

Water  was,  till  modem  times,  considered 
as  an  elementary  or  simple  substance. 

Previous  to  the  month  of  October  1776^ 
tire  celebrated  Macquer,  assisted  by  M.  Si- 
gaud  de  la  Fond,  made  an  experiment  by 
burning  hydrogen  gas  in  a  bottle  without  ex- 
plosion, and  holding  a  white  china  saucer 
over  tiie  flame.  His  intention  appears  to 
have  been  that  of  ascertaining  whether  any 
fuliginous  smoke  was  produced ;  and  he  ab-- 
serves,  that  the  saucer  remained  perfectly 
clean  and  white,  bat  was  moistened  with  per- 
ceptible drops  of  a  dear  fluid,  resembling 
water ;  and  which,  in  foct,  appeared  to  him 
and  his  assistant  to  be  nothing  but  pure 
water. 

He  does  not  say  whether  any  test  was  ap- 
plied to  ascertain  this  purity,  neiHier  does  he 
make  any  remark  on  the  fact.* 

In  the  month  of  September  1777,  Messrs 
Buquet  and  Lavoisier,  not  being  acquainted 
with  the  fact  which  is  incidentally  and  con- 
cisely mentioned  by  Macquer,  made  an  ex- 
periment to  discover  what  Is  produced  by  tho 
combustion  of  hydrogen.  Tliey  fired  five  or 
six  pints  of  hydrogen  in  an  open  and  widei> 
mouthed  bottle,  and  instantly  poured  two 
ounces  of  lime  water  through  the  flame» 
agitating  the  bottle  during  the  time  the  com* 
bustion  Usted.  The  result  of  this  experi- 
ment showed,  that  carbonic  acid  was  not  pr(v 
duced.  f 

Before  the  month  of  April  1781,  Mr  John 
Warltire,  encouraged  by  Dr  Priestley,  fired 
a  mixture  of  common  air  and  hydrogen  gat 


*  Dictlonnaire  de  Cbimie.  9d  edifloo,  Farts,  1778. 
Alt  Gas  laflanuaable,  voL  iL  p  314,  315. 
t  Acad.  Par.  mx»  p.  «70. 
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in  a  close  capper  veMel,  mad  Ibond  it*  weight 
diminiwhfd.  Dr  Pkiestley,  likewise,  before 
the  same  period,  6red  a  like  mixture  of  hy^ 
drogeo  and  ozygeo  gas  in  a  dosed  ghM 
vessel,  Mr  Warltire  being  present.  Tlie  in- 
side of  the  Tessel,  though  clean  and  dry  be- 
fore, became  dewy,  and  was  lined  with  a 
sooty  substance.*  These  experiments  were 
afterwards  repeated  by  Mr  Cavendish  and 
Dr  Priestley ;  and  it  was  found,  thsft  the  di- 
minution of  weight  did  not  take  place,  neither 
was  the  sooty  matter  perceived,  f  These 
circumstances,  therefore,  must  have  arisen 
from  some  imperfection  in  the  appsnitus  or 
materials  with  which  the  former  experiments 
were  made. 

It  was  in  the  summer  of  the  year  1781, 
that  Mr  Henry  Cavendish  was  busied  in  ex- 
amining what  becomes  of  the  air  lost  by  com- 
bustion, and  made  those  valuable  experiments 
which  were  read  before  the  Royal  Society  on 
the  Idth  of  January  1784  |  He  burned 
500,000  grstn  measures  of  hydrogen  gas, 
vrith  about  2^  times  the  quantity  of  common 
air;  and  by  causing  the  burnt  air  to  pass 
through  a  glass  tube  eight  feet  in  length,  135 
grains  of  pure  water  were  condensed.  He 
also  exploded  a  mixture  of  19,500  grain 
measures  of  oxygen  gas,  and  37,000  of  hy- 
drogen, in  a  close  vesseL  The  condensed 
liquor  was  found  to  contain  a  small  portion 
of  nitric  acid,  when  the  mixture  of  the  air 
vras  sudi,  that  the  burnt  air  still  contained 
a  considerable  proportion  of  oxygen.  In  this 
case  it  may  be  presumed,  that  some  of  the 
oxygen  combines  with  a  portion  of  nitrogen 
present. 

In  the  mean  time,  M.  Lavoisier  continued 
his  researches,  and  during  the  winter  of  1 781- 
1782,  together  with  M.  Gingembre,  he  filled 
a  bottle  of  six  pints  with  hydrogen,  which 
being  fired,  and  two  ounces  of  lime  water 
poured  in,  vras  instantly  stopped  with  a  cork, 
through  which  a  flexible  tubie  communicating 
vrith  a  vessel  of  oxygen  was  passed.  Hie  in- 
flammation ceased,  except  at  the  orifice  of  the 
tube  through  which  the  oxygen  was  pressed, 
where  a  beautiful  flame  appeared.  The  com- 
bustion continued  a  considerable  time,  during 
which  the  lime  water  was  agitated  in  the 
bottle.  Neither  this,  nor  the  same  experi- 
ment repeated  with  pure  water,  and  with  a 
weak  solution  of  alkali  instead  of  Ume  water, 
afibrded  the  information  sought  after;  for 
these  substances  were  not  at  aU  altered. 


4k  PriCBttev  V.  S95. 

t  FbU.  Trani.  IxxiV.  19a  DrPriertley  supposed  the 
Sooty  matter  to  be  part  of  the  mercurr  used  In  fillinff 
the  vessel^PbiL  Vnxa.  Ixxiv.  332. 

t  H.  Lavoisier  relates,  that  Dr  Blagden,  Sec.  R.S. 
(who  was  present  at  the  performing  of  the  capital  ex. 
perimcQt  of  burning  hydrogen  and  oxygen  gas  in  a 
<dosed  vessel  on  theS4U>  June  1783),  informed  htm. 
that  Mr  Cavendish  had  alreadv  done  the  same  thing, 
and  obtained  water.  See  the  Hemuirs  of  the  Royal 
4?hSK.**  m!^  ^^  *™*'  ^  47S.  5  slw  PhlL  I  nibs. 


Tlie  inference  of  Mr  Warltire  respectittig 
the  moisture  on  the  inside  of  the  giaas  in 
which  Dr  Priestley  first  fired  hydrogen  aoid 
common  air,  vres,  that  these  airs,  by  coonbua- 
tion,  deposited  the  moisture  they  commned. 
Mr  Watt,  however,  inferred  from  these  ex- 
perinient%  that  water  is  a  compound  of  tfie 
burnt  airs,  which  have  given  out  their  lateot 
heat  by  combustion ;  and  communicated  fais 
sentiments  to  Dr  Priestley  in  a  letter  dattd 
April  26.  I78a* 

It  does  not  appear,f  that  the  compositiaa 
of  water  was  known  or  admitted  in  France 
till  the  summer  of  1783,  when  M.  LavoiMr 
and  M.  de  la  Place,  on  tiie  244b  of  June,  re- 
peated the  experiment  of  burning  bydiegea 
and  oxygen  in  a  glass  vessel  over  mercury,  m 
a  still  greater  quantity  than  had  been  binned 
by  Mr  Cavendish.  The  result  was  neatly 
five  gros  of  pure  vratcr.f  M.  Monge  made 
a  similar  experiment  at  Paris,  neariy  at  the 
same  time,  or  perhaps  before. 

This  assiduous  and  accurate  pfailosopher 
then  proceeded,  in  conjunction  vrith  M.  Meas- 
nier,  to  pass  the  steam  of  wafer  through  a  red- 
hot  iron  tube,  and  found  that  the  iron  vras 
oxidized,  and  hydrogen  disengaged ;  and  the 
steam  of  water  being  passed  over  a  variety  of 
other  combustible  or  oxidable  substances^  pro- 
duced  similar  results,  the  water  disappearii^ 
and  hydrogen  being  disengaged.  These  ca- 
pital experiments  were  accounted  for,  by  BL 
Lavoisier,  by  supposing  the  water  to  be  de- 
composed into  its  component  parts,  oxygen 
and  hydrogen,  the  former  of  which  mutes 
with  the  ignited  substance,  while  the  laftlcr 
is  disengaged. 

The  grand  experiment  of  the  composiioa 
of  water  by  Fourcroy,  Vauquelin,  and  Sa- 
guin,  was  begun  on  Wednesday,  Maj  13L 
1790,  and  was  finished  on  Friday  the  22d  of 
the  same  month.  The  combtistion  was  kept 
up  185  hours  with  little  interruption,  during 
whidi  time  the  madiine  vras  not  quitted  lor 
a  moment.  The  experimenters  altcmailriy 
refreshed  tliemselves  when  latigued,  by  lyi^g 
for  a  few  hoturs  on  mattresses  in  the  iaboiB* 
tory. 

To  obtain  the  hydrogen,  1.  Zinc  was 
melted  and  rubbed  into  a  powder  in  a  yrvf 
hot  mortar.  2.  This  metal  vras  dissolved 
in  concentnited  sulphuric  add  diluted  widi 
seven  parts  of  water.  The  air  procured  vras 
made  to  pass  through  caustic  alkalL  To 
obtain  the  oxygen,  two  pounds  and  a  half  of 
cry^lUsed  hyper-oxymuriate  of  potash  were 
distilled,  and  the  air  was  transferred  through 
caustic  alkali. 

The  volume  of  hydrogen  employed 


•  FML  TYans.  vol  bcxiv.  p.  330. 
f  Compare  PhiL  Trans.  toL  Uziv.  p  128,  with  the 
Memoirs  of  the  Koyal  Academy  at  Pah»  for  1781. 

Ts  47«.  and  474. 
rhe  ounce  poids  de  marc  being  47S.S  grains  ttvy. 
this  qtiantity  will  be  8d5  fitgUsh  grains. 
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26963.568  cubic  inches,  and  the  weight  was 
1039.358  grains. 

The  volume  of  oiygen  was  18570.942, 
and  the  weight  was  6209.869  grains. 

The  total  weight  of  both  elastic  fluids  was 
7249.227. 

The  weight  of  water  obtained  was  7244 
grains,  or  12  ounces  4  gros  45  grains. 

The  weight  of  water  which  should  have 
been  obtained  was  12  ounces  4  gros  49.227 
grains. 

The  deficit  was  4  227  grains. 

Hie  quantity  of  azotic  air  before  the  expe» 
riment  was  415.256  cubic  inches,  and  at  the 
dose  of  it  467.  The  excess  after  the  expe- 
riment was  consequently  5 1. 744  cubic  inches. 
This  augmentation  is  to  be  attributed,  the 
academicians  think,  to  the  small  quantity  of 
atmospheric  air  in  the  cylinders  of  the  gaso- 
meters at  the  time  the  other  airs  were  intro- 
duced. These  additional  51  cubic  inches 
could  not  arise  from  the  hydrogen,  for  expe- 
riment showed  that  it  contained  no  azotic  air. 
Some  addition  of  this  last  fluid,  the  experi* 
menters  think,  cannot  be  avoided,  on  account 
of  the  construction  of  the  machine. 

The  water  being  examined,  was  found  to 
be  as  pure  as  distilled  water.  Its  specific  gra- 
vity to  distilled  water  was  as  18671 :  18670. 

The  decomposition  of  water  is  most  ele- 
gantly effected  by  £lectucity  ;  which  see. 

The  composition  of  water  is  best  demon- 
strated by  exploding  2  volumes  of  hydrogen 
and  1  of  oxygen,  in  the  eudiometer.  Tliey 
disappear  totally,  and  pure  water  results.  A 
cubic  inch  of  this  liquid,  at  60<>,  weighs252.52 
grains,  consisting  of 

28.06  grains  hydrc^en,  and    * 
224.46  oxygen, 

Jbe  bulk  of  the  former  )  ^^  ^j^  .^,^^ 

gas  IS  y 

That  of  the  latter  is  662 

1987 

Hence  there  is  a  condensation  of  nearly 
two  thousand  volumes  into  one;  and  one  vo- 
lume of  water  contains  662  volumes  of  oxy- 
gen. The  prime  equivalent  of  water  is  1. 1 25 ; 
composed  of  a  prime  of  oxygen  ^  1.0  -4-  a 
prime  of  hydrogen  ^  0. 125 ;  or  9  parts  by 
weight  of  water  consist  of  8  oxygen  -f-  1  hy- 
drogen. 

WATER  OF  CRYSTALLIZATION. 
Many  salts  require  a  certain  proportion  of 
.water  to  enable  them  to  retain  the  crystalline 
form,  and  this  is  called  their  water  of  crystal- 
lization. Some  retain  this  so  feebly,  that  it 
flies  off"  on  exposure  to  the  air,  and  they  fall 
to  powder.  Tliese  are  the  efflorescent  salts. 
Others  have  so  great  an  affinity  for  water, 
that  their  crystals  attract  more  from  the  air, 
in  which  they  dissolve.  These  are  the  deli- 
quescent 
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certain their  ingredients,  and  thence  their  mW 
dicinal  qualities,  and  the  means  of  compound* ' 
ing  them  artifidally,  is  an  object  of  consider- 
able importance  to  society.  It  is  likewise  a 
subject  which  deserves  to  be  attended  to,  be- 
■  cause  it  affords  no  mean  opportunity  for  the 
agreeable  practice  of  chemical  skill.  But 
this  investigation  is  more  especially  of  impor- 
tance to  the  daily  purposes  of  life,  and  the 
success  of  manu&ctures.  It  cannot  but  be 
an  interesting  object,  to  ascertain  the  com- 
ponent parts  and  qualities  of  the  waters  daily 
consumed  by  the  inhabitants  of  large  towns 
and  vicinities.  A  very  minute  portion  of 
unwholesome  matter,  daily  taken,  may  con- 
stitute the  principal  cause  of  the  differences 
in  salubrity  which  are  observable  in  different 
places.  And  with  regard  to  manufactures, 
it  is  well  known  to  the  brewer,  the  paper- 
maker,  the  bleacher,  and  a  variety  of  other 
artists,  of  how  much  consequence  it  is  to  them, 
that  this  fluid  should  either  be  pure,  or  at 
least  not  contaminated  with  such  principles 
as  tend  to  injure  the  qualities  of  the  articles 
they  make.  This  analysb  has  accordingly 
employed  the  attention  of  the  first  chemists. 
Bergmann  has  written  an  express  treatise  on 
the  subject,  which  may  be  found  in  the  first 
volume  of  the  English  translation  of  his  Es- 
says. Kirwan  published  a  valuable  volume 
on  the  analysis  of  waters. 

The  topography  of  the  place  where  these 
watera  rise  is  the  first  thing  to  be  considered. 
By  examining  the  ooze  formed  by  them,  and 
the  earth  or  stones  through  which  they  are 
strained  and  filtered,  some  judgment  may  be 
formed  of  their  contents.  In  filtering  through 
the  earth,  and  meandering  on  its  surface,  they 
take  with  them  particles  of  various  kind^ 
which  their  extreme  attenuation  renders  ca- 
pable of  being  suspended  in  the  fluid  that 
serves  for  their  vehicle.  Hence  we  shall  some- 
times find  in  these  waters  siliceous,  calcareous, 
or  argillaceous  earth;  and  at  other  times, 
though  less  frequently,  sulphur,  magnesian 
earth,  or,  from  the  decomposition  of  carbo- 
nated iron,  ochre. 

The  following  are  the  ingredients  that  may 
occur  in  mineral  waters:— 

1.  Air  is  contained  in  by  fiur  the  greater 
number  of  mineral  waters :  its  proportion  does 
not  exceed  l-28th  of  the  bulk  of  the  water. 

2.  Oxygen  gas  was  first  detected  in  waters 
by  Scheele.  Its  quantity  is  usually  incon- 
siderable; and  it  is  incompatible  with  the 
presence  of  sulphuretted  hydrogen  gas,  or 
iron. 

3.  Hydrogen  gas  was  first  detected  in 
Buxton  water  by  Dr  Pearson.  Afterward 
it  was  discovered  in  Harrowgate  waters  by 
Dr  Garnet,  and  in  those  of  Lemington  JPriors 
by  Mr  Lambe. 

4w  Sulphuretted  hydrogen  gas  constitutes 
the  most  conspicuous  ingredient  in  those 
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wlndi  are  dfatingiiulied  by  iim 
oif  bcpstie  or  sulplraroos. 

The  oiily  adds  fahlicrto  found  in 
except  in  cmnbiiuidon  with  ftbase, 
cafboniCy  suipliaric,  and  bonidc 

5.  Csfbonic  add  was  fint 
Pynnoat  water  by  Dr  Bnmnrigg.  It  isthe 
most  oomttion  ingredient  in  mineral  waten* 
100  cubic  inches  of  the  water  generally  con- 
tttning  firom  6  to  40  cubic  inches  of  this  add 
gas.  According  to  Westrmnb»  100  cubic 
indies  of  Pyrmont  water  contain  1S7  cubic 
inches  <^  it,  or  almost  double  its  own  bulk. 

6.  Sulphurous  acid  has  been  oboenred  in 
semal  of  the  hot  minend  waters  in  Italy, 
winch  are  in  the  neighbourhood  of  Tokanoes. 

7.  The  boradc  add  has  abo  been  obaerred 
in  some  lakes  in  Italy. 

the  only  alkali  which  has  been  obscrted 
in  mineral  waters,  uncombined,  is  soda ;  and 
die  only  earthy  bodies  are  silex  and  lime. 

a  Dr  Black  detected  soda  in  the  hoi  no- 
neral  waters  of  Geyser  and  Rykum  in  Ire- 
land; but  in  most  other  cases  the  soda  is 
combined  with  caibonic  add. 

9.  S(lex  was  first  discoTcred  in  waters  by 
Bergmann.  It  was  afterwards  detected  in 
diose  of  Geyser  and  Rykum  by  Dr  Black, 
and  in  those  of  Karisbad  by  Klaprolfa.  Has^ 
aenftatk  observed  it  in  the  waters  of  Pougues, 
as  Bresi  did  in  those  of  PQ.  It  has  been 
found  also  in  many  other  minenJ  waters. 

10.  Lime  is  said  to  have  been  found  un- 
combined in  some  mineral  waters ;  but  this 
has  not  been  proved  in  a  satisfoctory  manner. 

The  only  salts  hitherto  found  in  mineral 
waters  are  the  following  ;-<-4ulphates,  nitrates* 
muriates,  carbonates,  and  borates;  and  of 
these  the  carbonates  and  muriates  occur  by 
fiur  most  commonly,  and  the  borates  and  ni«> 
trates  most  rardy. 

11.  Sulphate  of  soda  is  not  uncommon, 
espedally  in  those  mineral  waters  which  are 
distinguished  by  the  epidtet  taUne. 

15.  Sulphate  of  ammonia  is  found  in  mi* 
fteral  waters  near  volcanoes. 

13.  Sulphate  of  lime  is  exoeedingly  com* 
mon  in  water.  Its  presence  seems  to  have 
been  first  detected  by  Dr  Lister  in  1682. 

14.  Sulphate  of  magnesia  is  almost  oon- 
fttanUy  an  ingredient  in  those  nuneral  waters 
which  have  purgative  properties.  It  was  de* 
tected  in  Epsom  waters  in  1610,  and  in  1696 
Dr  Grew  published  a  treatise  on  it 

Id.  Alum  is  sometimes  found  in  minersi 
wkterS)  but  it  is  exceedingly  rare. 

16.  Sulphate  of  iron  occurs  sometimes  in 
volcanic  mineral  waters,  and  hai  even  been 
observed  in  other  places. 

17.  Sulphate  of  copper  is  only  firand  in  the 
waters  which  issue  fhnn  copper  mines. 

18.  Nitre  has  been  found  in  some  springs 
in  Hungary,  but  it  is  exceedingly  uncommon. 

19.  Nitrate  of  lime  was  first  detected  in 
water  by  Dr  Home,  of  Edinburgh,  in  1756. 


to 


liii 

aandy  deaata  of  Arabia. 

9a  Nitrate  of 
been  found  in 

91.  Muriate  of  potash 
iihaslatdy  been  discovered  in  the 
springs  of  Uhleabusg  in  Sweden  by  JviSm, 

89.  Muriate  of  soda  b  so  estRtoail] 
walefs,  that  hardly  m 


some  of  it. 

9a  Muriate  of 
but  it  has  been  found  in  I 
in  Italy  and  Siberia. 

94.  Muriate  of  baryte  is  still 
mon,  but  its  presence  in  nnncni 
been  announced  by  Bergmann. 

95  and  96.  Muriates  of  lime  i 
nre  common  ingredients. 

97.  Muriate  of  aiuraina  has 
by  Dr  Withering,  but  it  is  very 

98w  Muriate  of  manganese 
by  Deigmann  as  sometimes  occorri^g  in  mi- 
aersl  waters.  It  has  been  lately  detaMed  by 
Lambe  in  the  waten  of 
but  in  an  extremely  limited 

9a  Hie. 
mineral  waten  has  been  mcDCiimed  by 
diemiste:  if  it  do  occor»  itmnstbauia  vciy 
small  proportioa. 

SO.  Csfbonateofaodais,  periiaps, 
the  most  cooomon 
if  we  except  common  salt  and 
lime. 

31.  Carbonate  of  ammonia  has 
covered  in  waters,  but  it  is  uncoounosk 

39.  Carbonate  of  lime  is  found  in 
all  watersi  and  is  usuaUy  held  in  solution  by 
an  excess  of  acid.  It  appean  from  the  dEf. 
ferent  experiments  of  chemists,  as  stated  by 
Mr  Kirwan,  and  eqpedally  from  those  of 
Berthollet,  that  water  saturated  with  tniboMfc 
add  b  capable  of  holding  in  solution  0.009 
of  carbonate  of  lime.  Now,  water  satorsted 
with  caibottic  ad^  at  the  temperature  of  50^, 
contains  very  nearly  0.009  of  ita  weight  of 
carbonic  acid.  Hence  it  foQows  that  carbo. 
iiic  add,  when  present  in  such  qnanti^  as  to 
saturate  waters,  is  capable  of  holding  ite  own 
weight  of  carbonate  of  lime  in  solution.  Thus 
we  aee  1000  parts  by  weight  of  water,  when 
it  contains  two  parts  of  carbonic  add,  b  c^ 
pable  of  diseolring  two  parts  of  carbonate  of 
lime.  When  the  proportion  of  water  b  in- 
creased, it  is  capable  of  holding  the  carbonate 
of  lime  in  solution,  even  when  the  proportion 
of  carbonic  acid  united  with  it  is  ^iminid^ 
Thus  94,000  parts  of  water  are  capable  of 
holding  two  psrcs  of  carbonate  of  lime  in  so* 
lution,  even  when  they  contain  only  one  part 
of  carbonic  add.  The  greater  the  proportion 
of  water,  the  smaller  proportion  of  carbonic 
add  b  necessary  to  keep  the  lime  in  solution ; 
and  when  the  water  is  increased  to  a  certain 
proportion^  no  sensible  exccn  of  carbonJe 
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acid  is  neeessary.  It  ought  to  be  vtmferked 
also,  ttut  water,  bowertf  tmall  a  quantity  of 
carbobic  add  it  containa,  is  capiUe  of  holding 
oarbooate  of  lime  in  eolutioD,  provided  the 
weight  of  the  carbonic  add  present  exceed 
that  of  the  ttnie.  These  observatioiia  apply 
equally  to  the  other  earthy  cafbooaies  held  in 
solution  by  mineral  waters. 

33L  Caibonate  of  magnesia  is  also  Tery 
common  in  mineral  waters,  and  is  almost 
always  accompanied  by  carbonate  of  lime. 

34b  Carbonate  of  alumina  is  said  to  have 
been  found  in  waters ;  but  its  presence  has  not 
been  properly  aacertained. 

35b  Carbonate  of  iron  is  by  no  means  un- 
common ;  indeed  it  forms  the  most  remark- 
able ingredient  in  those  waters  which  are  dis- 
tinguished by  the  epitliet  of  chafybeate, 

36.  Borax  exists  in  some  lakes  in  Persia 
and  Thibet ;  but  the  nature  of  these  waters 
has  not  been  ascertained. 

37  and  38.  The  hydrosulphurets  of  lime 
and  of  soda  have  been  frequently  detected  in 
those  waters  which  are  called  sidphurous,  or 
hepatic. 

Mr  Westrumb  says,  that  all  sulphurous 
waters  contain  more  or  less  hydrosulphuret  of 
lime. 

To  detect  this  he  boiled  the  mineiBl  water, 
exduding  the  contact  of  atmospheric  air,  to 
expel  the  sulphuretted  hydrogen  gas  and  car- 
bonic acid.  Into  the  water  thus  boiled  he 
poured  sulphuric  add,  when  more  sulphuret- 
ted hydrogen  gas  was  evolved,  and  sulphate 
of  lime  was  thrown  down;  fuming  nitric 
add,  which  separated  from  it  sulphur ;  and 
oxalic  acid,  which  expelled  sulphuretted  hy- 
drogen, and  formed  oxalate  of  lime.  The 
water  evaporated  in  open  vessels  let  fall  sul- 
phate of  lime,  and  gave  out  sulphuretted  hy- 
drogen gas. 

To  ascertain  the  quantity  of  sulphuretted 
hydrogen  gas  and  carbonic  add,  Mr  West- 
rumb proceeded  as  follows :  He  introduced 
the  sulphurous  water  into  a  matrass,  till  it 
was  filled  to  a  certain  point,  which  he  marked ; 
fitted  to  it  a  curved  tube,  which  terminated 
in  a  long  cylinder ;  filled  this  cylinder  with 
lime  water  fbr  the  one  experiment,  and  with 
acetate  of  lead,  with  excess  of  add,  for  the 
.  oiher ;  luted  the  apparatus ;  and  boiled  the 
water  till  no  more  gas  was  expdled.  When 
the  lime  water  is  used,  carbonate  of  lime  is 
precipitated  in  the  proportion  of  20  grains  to 
every  1 0  cubic  inches  of  carbonic  add  gas ; 
when  the  solution  of  acetate  of  lead,  hydro- 
sulphuret of  lead  is  thrown  down,  in  the 
proportion  of  19  grains  to  10  cubic  inches  of 
sulphuretted  hydrogen  gas. 

Beside  these  substances,  certain  vegetable 
and  animal  matters  have  been  occasionally 
observed  in  mineral  waters.  But  in  most 
cases  these  are  rather  to  be  considered  in  the 
light  of  acddental  mixtures,  than  of  real  com- 
ponent parts  of  the  waters  in  which  they  occur. 


From  this  synoptical  view  of  the  dii 
ingredients  contained  in  mineral  waten,  it  is 
evident  that  these  substances  occur  in  two 
difiereut  distinct  states  t  vis.  I.  as  bdng  sus- 
pended in  them ;  and,  &  as  being  dissolved 
in  them  chiefly  in  the  form  of  a  salt. 

Hie  investigation  of  mineral  waters  coa- 
sasta^  1..  In  the  examination  of  them  by  the 
senses :  2.  In  the  examination  of  them  by 
re^agents:  3„  In  the  analysis  properly  so 
called. 

The  examination  by  the  senses  consists  in 
observing  the  effect  of  the  water,  as  to  i^ 
pearance,  smell,  and  tastew 

The  a{^snmce  of  the  water,  the  instant 
in  which  it  is  pumped  out  of  the  well,  as 
well  as  after  it  has  stood  for  some  time, 
affords  several  indications,  fhmi  which  we 
are  enabled  to  form  a  judgment  concerning 
its  contents.  If  the  water  be  turbid  at  the 
well,  the  substances  are  suspended  only,  and 
not  dissolved  ;  but  if  the  water  be  clear  aod 
transparent  at  the  well,  and  some  .time  inter- 
venes before  it  becomes  turbid,  the  contents 
are  dissolved  by  means  of  carbonic  add. 

The  presence  of  this  gas  is  likewise  indU 
eated  by  small  bubbles,  that  rise  from  the 
bottom  of  the  wdl,  and  burst  in  the  air  while 
they  are  making  their  escape,  though  the 
water  at  the  same  time  perhaps  has  not  an 
add  taste.  Tim  is  the  case*  according  to 
Count  Rasoomowski,  with  respect  to  the 
tepid  spring  in  Vallais,  and  the  cold  vitrio- 
lated  chalybeate  springs  at  Astracan.  But 
the  most  evident  proof  of  a  spring  containing 
carbonic  add,  is  the  generation  of  bubbles  on 
the  water  bdng  shaken,  and  tbdr  bursting 
with  more  or  less  noise,  while  the  air  is  mak- 
ing its  escape. 

Hie  sediment  deposited  by  the  water  in 
the  well  is  likewise  to  be  examined :-— if  it  be 
yellow,  it  indicates  the  presence  of  iron  ;  if 
black,  that  of  iron  combined  with  sulphur ; 
but  chalybeate  waters  bdng  seldom  sulphu- 
retted, the  latter  occurs  very  rardy.  As  to 
the  colour  of  the  water  itself,  there  are  few 
Instances  where  this  can  give  any  indication 
of  its  contents,  as  there  are  not  many  sub- 
stances that  colour  it. 

Hie  odour  of  the  water  serves  chiefly  to 
dBscover  the  presence  of  sulplmretted  hydr6- 
gen  in  it :  such  waters  as  contain  this  sub- 
stance have  a  peculiar  fetid  smell,  somewhkt 
resembling  rotten  eggs. 

The  taste  of  a  spring,  provided  it  be  per- 
fectly ascertained  by  repeated  trials,  may 
affonl  some  useiVil  indications  with  respect 
to  the  contents.  It  may  be  made  very  sen^ 
sible,  by  tasting  water  in  which  the  various 
salts  that  are  usually  found  in  such  waters 
are  dSssf^ved  in  various  proportions.  There 
is  no  certain  dependence,  however,  to  be 
placed  on  this  mode  of  investigation  ;  for  in 
many  springs,  the  taste  of  sulphate  of  soda 
is  disguised  by  that  of  the  sea  salt  united 
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with  it  The  water  too  k  not  only  to  be 
ttftod  at  the  tpring,  but  after  it  has  stood  far 
aome  tuoe.  This  precautioa  must  be  partU 
colari J  obserred  with  respect  to  such  waters 
as  v^  impregnated  with  csibooic  add ;  for 
the  other  substances  contained  in  them  make 
no  iiniinsiinn  on  the  tongn^  till  the  cartio- 
nic  add  has  made  its  escape  ;  and  it  is  for 
the  same  reason  that  tiiese  waters  most  be 
evaponted  In  part,  and  then  tasted  again. 

Though  the  sped6c  gravity  of  any  water 
contributes  but  wtrj  little  towards  determin- 
ing its  contenti,  still  it  may  not  be  entirdy 
useless  to  know  the  spedfic  weight  of  tb« 
water,  the  dtuation  of  the  sprinj^  and  the 
kind  of  sediment  depodtcd  by  it. 

The  examination  of  the  water  by  means  of 
reagents  shows  what  they  contsin.  but  not 
bow  mudi  of  cadi  prindple.  In  many  in- 
stances this  is  as  much  as  the  inquiry  de- 
mands ;  and  it  is  always  of  use  to  direct  the 
proceedings  in  the  proper  analysis. 

It  is  absolutely  ncceamry  to  make  the  ex- 
periment with  water  just  taken  up  from  the 
spring,  and  afterward  with  such  as  has  been 
exposed  for  some  bouni  to  the  open  air ;  and 
sometimes  a  third  essay  is  to  be  made  with  a 
.  portion  of  the  water  that  has  been  boiled  and 
afterward  filtered.  If  the  water  contain  but 
few  saline  particles,  it  must  be  eraporated ; 
as  even  the  most  sensible  reagents  do  not  in 
.  the  least  affect  it,  if  the  salts,  the  presence 
ef  which  is  to  be  dUscorered  by  them,  are 
diluted  with  too  great  a  quantity  of  water. 
Now,  it  may  happen,  that  a  water  shall  be 
impregnated  with  a  considerable  number  of 
■aline  partides  of  different  kinds,  though 
.  some  of  them  may  be  present  in  too  small 
a  quantity ;  for  which  reason  the  water  must 
be  examined  a  second  time,  after  having  been 
boiled  down  to  three-fourths. 

The  substances  of  which  the  presence  is 
discoverable  by  reagents  are,— 

1.  Carbonic  add.  When  this  is  not  com- 
bined with  any  base,  or  not  with  suffident  to 
neutralize  it,  the  addition  of  lime  water  will 
throw  down  a  precipitate  soluble  with  effer- 
vescence in  muriatic  acid.  The  infusion  of 
litmus  is  reddened  by  it ;  but  the  red  colour 

.  gradually  disappears,  and  may  be  again  r^- 
atored  by  the  addition  of  more  of  the  mineral 
water.  When  boiled  it  loses  the  property  of 
reddening  the  infusion  of  litmus.  Accord- 
ing to  ^^,  the  most  sensible  test  of  this 
add  is  acetate  of  lead. 

2.  The  mineral  acids,  when  present  un- 
combined  in  water,  give  the  infusion  of  lit- 
mus a  permanent  led,  even  though  the  water 
has  been  boiled.  Bergmann  has  shown,  that 
paper  stained  with  litmus  is  reddened  when 
dipped  into  water  containing  ^  ^q  r  ^^  ^~ 
pburic  acid. 

3.  Water  containing  sulphuretted  hydro- 
gen gas  is  distinguished  by  the  following 
properties  :^It  exhales  the  peculiar  odour  of 


solplmrBlled  hydrogen  gas.     It 
infuaon  of  litnnis  Aigariously.     It 
into  a  aoltttion  of 
the  nitrrte  of  sflvcr 


reddens  tht 


4k  Alkalis,  and  alkafine  and  earthy  car- 
bonatesy  are  distinguished  by  the  following 
tests :— The  infusion  of  turmeric,  or  paper 
iifpT'M'd  with  turmeric  is  rendered  brown  by 
alkalis ;  or  reddisb^irown,  if  the  quantily  be 
minute.  This  change  is  produced  when  the 
soda  in  water  amounts  only  to  ^/y  ^  part. 
Paper  stained  with  bradl  wood,  or  the  in- 
fusion of  brastl  wood,  is  rendered  blue ;  but 
this  change  is  produced  also  by  the  alkafine 
and  earthy  carbonates.  Bergmann  ascer- 
tained,  that  water  containing  ^^^^s  P"^  ^ 
carbonate  of  soda  reddens  paper  stained  with 
branl  wood  blue.  Litmus  paper  reddened 
by  vtn^pr  is  restored  to  its  original  blue 
colour.  This  change  is  produced  by  tibe 
alkaline  and  earthy  carbonates  also.  When 
these  changes  are  fugadous,  we  may  con- 
clude diat  the  alkali  is  ammonia. 

5.  Hxed  alkalis  exist  in  vrater  that 
sions  a  preripitate  vrith  muriate  of 
after  bdng  boiled.  Volatile  alkali  aoay  be 
distinguished  by  the  smell ;  or  it  may  be  ob- 
tained in  the  recdver  by  dktilling  a  portion 
of  the  water  gently,  and  then  it  may  be  ifis- 
tinguisbed  by  die  above  tests. 

6.  Earthy  and  metallic  carbonates  are  pte- 
dpitated  by  boiling  the  water  contdnhy 
them ;  except  carbonate  of  magnesia,  wfaidi 
is  predpitated  but  imperfectly. 

7.  Iron  is  discovered  by  the  fbllowiiig 
tests:— The  addition  of  tincture  of  galls  gives 
water,  containing  iron,  a  purple  or  Uack 
colour.  This  test  indicates  the  presence  of 
a  very  minute  portion  of  iron.  If  the  tinc- 
ture have  no  effect  upon  the  water,  after 
boiling,  though  it  colours  it  before,  the  iron 
is  in  the  state  of  a  carbonate.  The  following 
observations  of  Westnimb  on  the  cirfour 
which  iron  gives  to  galls,  as  modified  by 
other  bodies,  deserve  attention.  A  vicdct 
indicates  an  alkaline  carbonate,  or  earthy  sah. 
Dark  purple  indicates  other  alkaline  salt& 
Purplish-red  indicates  sulphuretted  hydrogen 
gas.  Whitish,  and  then  black,  indicates  sul- 
phate of  lime.  Mr  Phillips  has  latdy  as- 
certained, that  while  the  iron  is  little  oxided, 
the  presence  of  lime  rather  fadlitates  the  ap- 
plication of  this  test;  but  the  lime  prevents 
the  test  from  acting,  prorided  the  iron  be 
considerably  oxidised.  The  prussian  alkali 
occasions  a  blue  precipitate  in  water  contain- 
ing iron.  If  an  alkali  be  present,  the  blue 
precipitate  does  not  appear,  unless  the  alkali 
is  saturated  vrith  an  add. 

8.  Sulphuric  add  exists  in  waters  that  form 
a  precipitate  with  tlie  following  solutions:*^ 
Muriate,  nitrate,  or  acetate  of  baryta,  stron- 
tia,  or  lime,  or  nitrate  or  acetate  of  lead. 
Of  these  the  most  powerful  by  far  is  muriate 


WATERS  (MINERAL). 


813 


WATERS  (MINERAL): 


of  baryta,  which  is  capable  of  detecting  the 
praaence  of  sulphuric  add  uDcombined,  when 
it  does  not  exceed  the  millionth  part  of  the 
water.  Acetate  of  lead  is  next  in  point  of 
power.  The  muriates  are  more  powerful 
than  the  nitrates.  Hie  calcareous  salts  are 
least  powerful.  All  these  4ests  are  capable 
of  indicating  a  much  smaller  proportion  of 
uncorobined  sulphuric  add,  than  when  it  is 
combined  with  a  base.  To  render  muriate 
of  baryta  a  certain  test  of  sulphuric  add,  the 
following  precautions  must  be  obsenred  :— 
The  muriate  must  be  diluted ;  the  alkalis  or 
alkaline  carbonates,  if  the  water  contain  any, 
must  be  previously  saturated  with  muriatic 
acid;  the  precipitate  must  be  insoluble  in 
muriatic  add ;  if  boradc  add  be  suspected, 
muriate  of  strontia  must  be  tried,  which  is 
not  predpitated  by  Ixiradc  add.  The  hy- 
drosulphurets  precipitate  barytic  solutions; 
but  their  presence  is  easily  discovered  by  the 
smell. 

9.  Muriatic  add  is  detected  by  nitrate  of 
aUver,  which  occasions  a  white  predpitat^ 
or  a  doud,  in  water  containing  an  exceed- 
ingly minute  portion  of  this  acid.  To  ren- 
der this  test  certain,  the  following  precau- 
tions are  necessary  :<^The  alkalis  or  carbo- 
nates must  be  previously  saturated  with 
nitric  acid.  Sulphuric  acid,  if  any  be  pre- 
sent, must  be  previously  removed  by  means 
of  nitrate  of  baryta.  The  predpitate  must 
be  insoluble  in  nitric  add.  Pfatt'  says,  that 
the  mild  nitrate  of  mercury  is  the  most  sen- 
sible test  of  muriatic  add;  and  that  the 
predpitate  is  not  soluble  in  an  excess  of  any 
add. 

10.  Boracic  add  is  detected  by  means  of 
acetate  of  lead,  with  which  it  forms  a  pred- 
pitate insoluble  in  acetic  add.  But  to  ren- 
der this  test  certain,  the  alkalis  and  earths 
must  be  previously  saturated  with  acetic  add, 
and  the  sulphuric  and  muriatic  adds  remov- 
ed by  means  of  acetate  of  strontia  and  ace- 
tate of  ulver. 

11.  Baryta  is  detected  by  the  insoluble 
white  predpitate  which  it  forms  with  diluted 
sulphuric  acid. 

12.  Lime  is  detected  by  means  of  oxalic 
add,  which  occasions  a  white  predpitate  in 
water  containing  a  very  minute  proportion 
of  this  earth.  To  render  this  test  decisive^ 
the  following  precautions  are  necessary  :— 
Hie  mineral  adds,  if  any  be  presdnt,  must 
be  previously  saturated  with  an  alkalL 
Baryta,  if  any  be  present,  must  be  pre- 
viously removed  by  means  of  sulphuric 
acid.  Oxalic  add  precipitates  magnesia  but 
Tery  slowly,  whereas  it  predpitates  lime  in- 
stantly. 

13.  Magnesia  and  alumina.  Tlie  pre- 
sence of  these  earths. is  ascertained  by  the 
following  tests :— Pure  ammonia  precipitates 
them  both,  and  no  other  earth,  provided  the 
carbonic  add  have  been  previously  separsted 


by  a  fixed  alkali  and  boiling.     Lhne  waier 
predpitates  only  these  two  earths,  provided' 
the  carbonic  add  be  previously  removed,  and 
the  sulphuric  add  also^  by  means^of  nitrate^ 
of  baryta. 

llie  alumina  may  be  separated  from  the 
magnesia,  aAer  both  have  been  precipitated 
together,  dther  by  boiling  tlie  precipitate  in 
caustic  potash,  which  dissolves  the  alumina 
and  leaves  the  magnesia  ;  or  the  predpitate* 
may  be  dissolved  in  muriatic  acid,  precipi- 
tated by  an  alkaline  carbonate^  dried  in  the' 
temperature  of  IQ09,  and  then  exposed  to 
the  action  of  diluted  muriatic  add,  which' 
dissolves  the  magnesia  without  touching  the' 
alumina. 

14i.  Silex  may  be  ascertained  by  evapo- 
rating a  portion  of  water  to  dryness,  and 
redissolving  the  predpitate  in  muriatic  add. 
Tlie  silex  remains  behind  undissolved. 

By  these  means  we  may  detect  the  pre- 
sence of  the  diflerent  substances  commonly 
found  in  waters ;  but  as  they  are  generally 
combined  so  as  to  form  salts,  it  is  necessary 
we  should  know  what  these  combinations 
are.  '  This  is  a  more  diflBcult  task,  whidi 
Mr  Kirwan  teaches  us  to  accomplish  by  the 
following  methods  :-— 

1.  To  ascertain  the  presence  of  the  di& 
ferent  sulphates. 

The  sulphates  which  occur  in  water  are 
seven ;  but  one  o£  these,  namely,  sulpktite 
of  copper,  is  so  uncommon,  that  it  may  be 
excluded  altogether.  The  same  remark  ap- 
plies to  sulphate  of  ammonia.  It  is  almost 
unnecessary  to  observe,  that  no  sulphate 
need  be  looked  for,  unless  both  its  add  and 
base  have  been  previously  detected  in  the 
water. 

Sulphate  of  soda  may  be  detected  by  the 
following  method :— Free  the  water  to  be 
examined  of  all  earthy  sulphates,  by  eva- 
porating it  to  one-half,  and  adding  lime 
water  as  long  as  any  predpitate  appears. 
By  these  means,  the  earths  will  all  be  pre- 
dpitated except  lime,  and  the  only  remain- 
ing earthy  sulphate  will  he  sulphate  cf  lime, 
which  will  be  separated  by  evaporating  the 
liquid  till  it  becomes  concentrated,  and  then 
dropping  into  it  a  little  alcohol,  and,  afler 
filtration,  adding  a  little  oxalic  add.  • 

With  the  water  thus  purified,  mix  solu- 
tion of  lime.  If  a  predpitate  appear,  d- 
ther  immediately,  or  on  the  addition  of  a 
little  alcohol,  it  is  a  proof  that  sulphate  of 
potash  or  of  soda  is  present  Which  of  the- 
two  may  be  determined,  by  mixing  some  of 
the  purified  water  with  acetate  of  baryta. 
Sulphate  of  baryta  precipitates.  Filter  and 
evaporate  to  dryness.  Digest  the  residuum 
in  alcohol.  It  will  dissolve  the  alkaline 
acetate.  Evaporate  to  dryness,  and  the' 
dry  salt  will  deliquesce  If  it  be  acetate  of 
potash,  but  efiloresce  if  it  be  acetate  of 
soda. 
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•  Sulphite  of  lime  nity  be  delected  by  era-     sulplMte  of  fime  end  otber  ialplMte%  fagr 
poreting  tbe  water  miq>ected  to  contain  U     porating  it  to  a  few  ounoes,  nixnig  it 
to  a  few  ouDcea.      A  predpiute  appears,     alcohol,  and  adding  last  of  aU  nitrBfte  of 


which,  if  it  be  sulphate  of  lime,  is  soluble     baryta  as  long  as  any  prcdpHale 

in  500  parts  of  water ;    and  the  solution      Filter  the  water;  evaporate  to  dryi 

afibrds  a  precipitate  with  the  muriate  of  ba-     the  dry  nasa  with  alciobol ;  eva|iorato  the  aU 


lyta,  oxalic  add,  carbonate  of  magnesia,  and     cohol  to  dryness ;  and  dissolve  tbe  residi 
alcohol.  in  water.     If  this  solution  give  a  piedpstaia 


Alum  may  be  detected  by  mixing  carbo-  with  aceute  of  silver  and  oxalic  add,  U 

nate  of  lime  with  the  water  suspected  to  con-  contain  muriate  of  lime.     It  most 

tain  it     If  a  precipitate  appear,  it  indicates  it  in  that  case^  if,  after  being  treated  with 

tbe  presence  of  a]um,  or  at  least  of  sulphate  carbonate  of  lime,  it  give  no  predpitete  witt 

of  alumina;  provided  tbe  water  contains  no  ammonia.     If  tbe  liquid  in  the  leoeiver  pm 

muriate  of  baryte  or  metallic  sulphates.  Tbe  a  predpitate  with  mtiate  of  silver,  muriate 

first  of  these  salts  is  incompatible  with  alum ;  of  lime  existed  in  the  water, 
the  second  may  be  removed  by  the  alkaline         Muriate  of  magnesia  may  be  detected  by 

prussiates.     When  a  predpitate  is  produced  separating  all  the  sulphuric  add  by  aacoiiaeir 

in  water  by  muriate  of  Ume,  carbonate  of  nitrate  of  baryta.     Filter,  evaporate  to  drf- 

lime,  and  muriate  of  magnesia,  we  may  coo-  ness,  and  treat  tbe  dry  mass  with  alcehei 

elude  that  it  contains  dum  or  sulphate  of  Evaporate  the  alcoh<^c  solutioa  to 

alumina.  and  dissolve  the  residuum  in 

Sulphate  of  magnesia  may  be  detected  by  muriate  of  magnesia,  if  the  water 

means  of  hydrosulphuret  of  strontia,  which  any,  will  be  found  in  this  solutioa.     Let  ns 

occasions  an  immediate  precipitate  with  this  suppose,  that,  by  the  tests  formerly  describ- 

salt,  and  with  no  other ;  provided  the  water  ed,   the  presence  of  muriatic  acid  and  of 

be  previouriy  deprived  of  alum,  if  any  be  magnesia,  in  this  solution,  has  beea  asccr- 

present,  by  means  of  carbonate  of  lime^  and  taincd.     In  that  case^  if  caibonate  of  lima 

provided  also  that  it  contains  no  uncom-  afford  no  predpitate^  and  if  solpburic  acid 

bined  add.  and  evaporation,  tof^tber  with  tbe  addltien 

Sulphate  of  iron  is  precipiteted  from  water  of  a  litde  alcohol,  occasion  no  la^citaiaUy 

by  alcohol,  and  then  it  may  be  easily  recog-  the  solution  contains  only  muriate  of  mag 

nixed  by  its  properties.  nesia.      If  these  tests  give  predpttatcs,  w« 

2.  To  ascertain  the  presence  of  the  difie-  must  separate  the  lime  which  is  pit  asm  by 

rent  muriate&  sulphuric  add  and  alcohol,  and  distil  off  tkie 


Hie  muriates  found  in  waters  amount  to     add  with  which  it 
dght,  or  to  nine,  if  muriate  of  iron  be  in-     the  magnesia  is  to  tw  aeparsted  by  the  oxalie 


eluded.     Tbe  most  common  by  far  is  mu-     add  and  aloohol,  and  the  add  with 
riate  of  soda.  it  vras  united  is  to  be  distilled  oC     If  liw 

Muriate  of  soda  and  of  potash  may  be  de-     liquid  in  tiie  retort  give  a  precipitate  wtih 


tected  by  the  following  method :— Separate  nitrate  of  silver,  tbe  water  cootaina 

the  sulphuric  acid  by  alcohol  and  nitrate  of  of  magnesia, 

baryta.     Decompose  the  earthy  nitrates  and  Muriate  of  alumina  may  be  disooivereA 

muriates  by  adding  sulphuric  acid.     Expel  by  saturating  the  water,  if  it  contain  an  ck- 

the  excess  of  muriatic  and  nitric  adds  by  cess  of  alkali,  with  nitric  add,  and  by  ae^ 

beat.     Separate  the  sulphates  tlms  formed  parating  tbe  sulphuric  add  by  means  of  ns- 

by  alcohol  and  barjrte  water,      llie  water  trate  of  baryta.       If  the  liquid,  thos  pori- 

thus  purified  can  contain  nothing  but  alka-  iied,   give  a  predpitate    with   caibonate  of 

line  nitrates  and  muriates.     If  it  form  a  lime,  it  contains  muriate  of  alumina.     Ilia 

precipitate  with  acetate  of  silver,  we  may  muriate  of  iron  or  of  manganese,  if  any  be 

conclude  that  it  contains  muriate  of  soda  or  present,  is  also   decomposed,    and  the  iron 

of  potash.    To  ascertain  which,  evaporate  the  predpitated  by  this  salt.       Tbe  predpitaaa 

liquid  thus  precipitated  to  dryness.    Dissolve  may  be  dissolved  in  muriatic  add,  and  tlia 

the  acetate  in  alcohol,  and  again  evaporate  alumina,  iron,  and  manganese,   if  tfacy  be 

to  dryness.     The  salt  will  deliquesce,  if  it  present,  may  be  separated  by  tbe  rules  Bssd 

be  acetate  of  potash ;  but  effloresce^  if  it  be  down  below, 

acetate  of  soda.  3,  To  ascertain  tbe  presence  of  the  dif. 

Tlie  potash  salts  are  most  readily  distin-  ferent  nitrates.      Tlie  nitrates  but  sdilom 

guished  by  the  precipitate  which  they  afford  occur  in  waters ;  but  when  they  do,  they 

to  muriate  o£  platinum,  which  the  soMla  salte  may  be  detected  by  the  following  results  :— 

do  not  occasion.  Alkaline  nitrates  may  be  detected  by  fi-ee^ 

Muriate  of  baryta  may  be  detected  by  ing  the  water  examined'  from  sulphuric  acid 

sulphuric  add,  as  it  is  the  only  barytic  salt  by  means  c^  acetate  of   baryta,  and  frona 

hitherto  found  in  water.  muriatic  add  by  acetate  of  sflvcr.       £v». 

Muriate  of  lime  may  be  detected  by  the  porate  the  filtered  liquid,  and  treat  the  dry 

following  method : — Free  the  water  firom  mass  with  aloohol :  what  the  alcohol  leavea 
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tuk  coBikt  only  of  tbe  alkaMiM  vitMtet  «nd 
aoelate  ot  lime.  DtMolfe  it  ia  water.  If 
ourbooate  of  magrwia  oecaaon  a  precipi* 
•tatOk  iime  is  present  Separate  the  lime  by 
mwifie  of  carbonate  of  nagnesa.  Filter 
«nd  crapofate  to  dryaemt  and  treat  the  dried 
WW  with  akohoL  The  alcohol  now  leaTea 
only  the  alkaline  nitrates,  which  may  be 
eanly  recognised,  and  distinguished  by  their 
respective  properties. 

Mr  Faraday  has  lately  detected  nitric  add 
in  the  Ibrm  of  a  nitrate,  in  a  Chdtenbam 
water  called  the  Orchard-well.  On  adding 
sulphuric  acid  to  a  portion  of  this  water,  in 
quantity  abundantly  sufficient  to  decompose 
all  the  salts  suljeci  to  its  action,  and  boil- 
ing such  acidulated  water  in  a  Florence  flask, 
with  a  leaf  of  golc^  for  half  an  hour,  or  an 
hour,  the  gold  either  in  part  or  entirdy  dis- 
appeared, and  a  solution  was  obtained,  whid^ 
when  tested  by  protok^muriate  of  tin,  gave  a 
deep  purple  tint.  Hence,  the  presence  of 
•nitric  acid  originally  in  the  water  was  infer- 
ired;  and  that  no  mistake  might  occur,  a 
solution  was  made  in  pure  water  of  all  the 
salts  except  the  nitrate  found  in  the  water, 
boiled  with  some  of  the  same  sulphuric  acid, 
and  tested  by  the  same  muriate  of  tin ;  but 
■in  this  case  no  colour  was  afforded,  or  any 
gold  dissolved.— i/bttrna/  of  Scieuet,  svii. 
.17a 

.  Nitrate  of  lime.  To  detect  this  salt, 
concentrate  the  water,  and  mix  it  with  al- 
cohol to  separate  the  sulphates*  Filter,  and 
distil  off  the  alcohol ;  then  separate  the 
muriatic  acid  by  acetate  of  silver.  Filter, 
evaporate  to  dryness,  and  dissolve  the  resi- 
duum in  akobol.  Evaporate  to  dryness, 
and  dissolve  the  dry  mass  in  water.  If  this 
last  solution  indicate  the  presence  of  lime 
by  the  usual  tests,  the  water  contained  nir 
trate  of  lime. 

To  detect  nitrate  of  magnesia,  the  water 

is  to  be  freed  from  sulphstes  and  muriates 

exactly  as  described  in  the  last  paragrsph. 

The  liquid  thus  puriSed  is  to  be  engonted 

.to  dryness,  and  the  residuum  treated  with 

•alcohol.     Ihe  alcoholic  solution  is  to  be 

evaporated  to  dryness,   and  the  dry  mass 

dissolved  in  water.     To  this  solution  potash 

is  to  be  added,  as  long  as  any  precipitate 

appears     The  solution,  filtered,  and  again 

evaporated  to  dryness,  is  to  be  treated  with 

alc6hoL    If  it  leave  a  residuum  consisting  of 

.nitre  (the  only  residuum  which  it  can  leave), 

the  water  contained  nitrate  of  magnesia. 

Such  are  the  methods  by  which  the  pre- 
sence of  the  different  saline  contents  of  ws- 
ters  may  be  ascertained.  The  labour  of 
•analysis  may  be  considerably  shortened  by 
observing,  that  the  following  salts  are  incom- 
patible with  each  other,  and  cannot  exist  to- 
gether in  water,  except  in  very  minute  pro- 
portion;-^ 


C  Nitnrtes  of  lime  and  iaag<* 
Fixed  alkaliiiej     nesia, 
fulphalcs       i  Muriates  of  lime  and  mi^- 
C     nesia. 

Sulphate  of      5^^S?***     t 
Ume  5  Carbonate  of  maguasw, 

C  Muriate  of  baryta. 

{Alkalis, 
Muriate  of  baryta* 
Nitrate^  muriate,  carbooatt, 
of  lime. 
Carbonate  of  magnesia, 
r  Alkalis, 
Sulphate  of      j  Muriate  of  baryta, 
magnesia      y  Nitrate  and  muriate  of 
C     limew 

iron     ^         ^Muriate  of  baryts, 
C  Earthy  carbonates. 

MutUte  of        5  ^y^  ^    . 
^jj^j.^jjj  <  Alkaline  carbonatei^ 

^^  t  Earthy  carbonates. 

C  Sulphates,  except  of  h'me, 

Muriate  of  lime  i  Alkaline  carbonates, 

C  Earthy  carbonates. 

Muriate  of        C  Alkaline  carbonateih 

magnesia        (  Alkaline  sulphates. 

C  Alkaline  carbonates, 

Nitr.te  oflime)  ^^-^"^  "f  "'P^**"*^ 
I     alumina, 

C  Sulphates,  except  of  lime. 

Bende  the  substances  above  described, 
there  is  sometimes  found  in  water  a  quantity 
of  bitumen  combined  with  alkali,  and  in  the 
state  of  soap.  In  such  waters,  acids  occasion 
a  coagulation;  and  the  coagulom  collected 
on  a  filter  discovers  its  bituminous  nature  by 
its  combustibility. 

Water  also  sometimes  contains  extractive 
matter;  the  presence  of  which  may  be  de- 
tected by  means  of  nitrate  of  silver.  The 
waier  suspected  to  contain  it,  must  be  freed 
from  sulphuric  and  nitric  acid  by  means  of 
nitrate  of  lead  ;  after  this,  if  it  give  a  brown 
precipitate  with  nitrate  of  silver,  we  may  con- 
clude tlufct  extractive  matter  is  present 

But  it  is  not  sufficient  to  know  that  a 
mineral  water  contains  certain  ingreciients; 
it  is  necessary  to  ascertain  the  proportions  of 
these,  and  thus  we  arrive  at  their  complete 
analysis. 

1.  The  different  aerial  fluids  ought  to  be 
first  separated  and  estimated.  For  this  pur- 
pose^ a  retort  should  be  filled  two-thirds  with 
the  water,  and  connected  with  a  jar  fiiU  of 
mercury,  standing  over  a  mercurial  trough. 
Let  the  water  be  made  to  boil  for  a  quarter 
of  an  hour.  The  a&rial  fluids  will  pass  over 
into  the  jar.  When  the  apparatus  is  cool, 
.the  quantity  ot  air  expelled  from  the  water 
may  be  determined,  either  by  bringing  the 
mercury  within  and  without  the  jar  to  a 
level,  or,  if  this  cannot  be  done,  by  reducing 
the  air  to  the  proper  density  by  calculation. 
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The  air  of  the  retort  ought  to  be  carefully         2.  After  haWtig   esdmated   the 

subtracted,   and  the  jar  should  be  diTided  bodies,  the  next  step  is  to  ascertain  tiie  pro. 

iato  cubic  inches  and  tenths.  portion  of  the  carthj  caibonates.      For  this 

The  only  gaseous  bodies  contained  in  wa^  purpose  it  is  necessary  to  deprire  the  water 

ter  are^^-common  air,  oxygen  gas,  nitrogen  ofits  sulphuretted  hydrogen,  if  it  coBtaui  any. 

gas,   carbonic  acid,  sulphuretted  hydrogen  This  may  be  done,  either  by  exposing  it  to  the 

gasy  and  sulphurous  acid.      The  last  two  air  for  a  considerable  time,  or  treating  it  wffh 

never  exist  in  water  together.    Tlie  presence  litharge.    A  sufficient  quantity  of  the  water, 

of  either  of  them  must  be  ascertained  previ-  thus  purified  if  necessary,  is  to  be  boiled  fat 

ously,  by  the  application  of  the  proper  tests,  a  quarter  of  an  hour,  and  filtered  when  cooL 

If  sulphuretted  hydrogen  gas  be  present,  it  The  earthy  carbonates  remain  on  the  fihcr. 
will  be  mixed  witli  the  air  contained  in  the         The  precipitate  thus  obtaine4  may  be  car- 

glass  jar,  and  must  be  separated  before  this  bonate  of  lime,  of  magnesia,  of  iron,  of  afaii- 

air  be  examined.    •  For  this  purpose  the  jar  mina,   or  even  sulphate  of  lime.     Let  as 

must  be  removed  into  a  tub  of  warm  water,  suppose  all  of  these  substances  to  be  present 

and  nitric  acid  introduced,  which  will  absorb  together.     Treat  the  mixture  with  diluted 

the  sulphuretted  hydrogen.     The  residuum  muriatic  acid,  which  will  dissolve  the  whole 

is  then  to  be  again  put  into  a  mercurial  jar,  except  the  alumina  and  sulphate  of  lime. 

and  examined.  Dry  this  residuum  in  a  red  heat,  and  note 

If  the  water  contain  sulphurous  acid,  this  the  weight.  Then  boil  it  in  cavbonate  of 
previous  step  is  not  necessary.  Ii^troduce  soda,  saturate  the  soda  with  muriatic  acid, 
into  the  air  a  solution  of  pure  potash,  and  and  boil  the  mixture  for  half  an  hoar.  Car- 
agitate  the  whole  gently.  Tlie  cari)onic  bonate  oflime  and  alumina  precipitate.  Dry 
acid  and  sulphurous  acid  gas  will  be  ab-  this  precipitate,  and  treat  it  with 


sorbed,  and  leave  the  other  gases.    The  bulk  The  lime  will  be  dissolved,  and  the  alumi 

of  this  residuum,  subtracted  from  the  bulk  will  remain.      Dry  it  and  weigh   it.     Its 

of  the  whole,  will  give  the  bulk  of  the  carbo-  weight  subtracted  from  the  original  weigfat, 

nic  acid  and  sulphurous  acid  absorbed.  gives  the  proportion  of  sulphate  oflime. 

Evaporate  the  potash  slowly,  almost  to  The  muriatic  solution  contains  Ume,  meg- 
dryness,  and  leave  it  exposed  to  the  atmo-  nesia,  and  iron.  Add  ammonia  as  long  as  a 
sphere.  Sulphate  of  potash  will  be  formed,  reddish  precipitate  appears.  The  iron  and 
which  may  be  separated  by  dissolving  the  part  of  the  magnesia  are  thua  separated, 
carbonate  of  potash  by  means  of  diluted  mu-  Dry  the  precipitate,  and  expose  it  to  the  «r 
riatic  acid,  and  filtering  the  solution.  100  for  some  time  in  a  heat  of  200^;  then  treat 
grains  of  sulphate  of  potash  indicate  36.4  it  with  acetic  acid  to  dissolve  the  magncaa; 
grains  of  sulphurous  add,  or  53.66  cubic  which  solution  is  to  be  added  to  the  muriatic 
inches  of  that  acid  in  the  state  of  gas.  The  solution.  The  iron  b  to  be  redissolvcd  in 
bulk  of  sulphurous  add  gas  ascertained  by  muriatic  acid,  predpiuted  by  an  alkaline 
this  method,  subtracted  from  the  bulk  of  the  carbonate,  dried  and  weighed, 
gas  absorbed  by  the  potash,  gives  the  bulk  Add  sulphuric  add  to  the  muriatic  aolo- 
of  the  carbonic  acid  gas.  Now  100  cubic  tion  as  long  as  any  precipitate  appears;  then 
inches  of  carbonic  add,  at  the  temperature  heat  the  solution,  and  concentrate.  Heat 
of  60**  and  barometer  30  inches,  wdgbt  46.6  the  sulphate  of  Inne  thus  obtained  to  red- 
grains.     Hence  it  is  easy  to  ascertain  its  ness,  and  weigh  it.     100  grains  of  it 


weight.  equivalent  to  74. 7  of  carbonate  of  Ume  dried. 

'rhe  gas  remaining  may  be  examined  by  Predpitate  the  magnesia  by  means  of  carbo- 

the  common  eudiometrical  processes.  nate  of  soda.     Dry  it  and  weigh  it.     But  aa 

When  a  water  contains  sulphuretted  liy*  part  remains  in  solution,  evaporate  to  dry- 

drogen  gas,  tiie  bulk  of  this  gas  is  to  be  ness,  and  washthe^residuum  with  asnllidcat 

ascertained  in  the  following  manner  :^Fill  quantity  of  distilled  water,  to  disserve  the 

tliree-fourths  of  a  jar  with  the  water  to  be  muriate  of  soda  and  sulphate  of  lime^  if  any 

examined,  and  invert  it  in  a  water  trough,  be  still  present.     What  remains  behind  is 

and  introduce  a  littie  nitrous  gas.    Tliis  gas,  carbonate  of  magnesia.     Weigh  it,  and  add 

mixing  with  the  air  in  the  upper  part  of  the  its  wdght  to  the  former.     The  sulphate  of 

jar,  will  form  nitrous  add,  which  will  render  lime,   if  any,   must  also  be  separated  and 

the  water  turbid,  by  decomposing  the  sul-  wdghed. 

phuretted  hydrogen,  and  precipitating  sul-         3.  We  have  next  to  ascertain  the  proper- 

phur.      Continue  to  add  nitrous  gas  at  in-  tion  of  mineral  adds  or  alkalis,  if  any  be 

tervals  as  long  as  red  fumes  appear,  then  present  uncombined.     The  adds  which  may 

turn  up  the  jar  and  blow  out  the  air.    If  the  be  present,  omitting  the  gaseous,  are  the  swl- 

hepatic  smell  continue,  repeat  this  process,  phuric,  muriatic,  and  borsdc 
Tiie  sulphur  precipitated  indicates  the  pro-         The  proportion  of  sulphuric  add  is  easBy 

portion  of  hepatic  gas  in  the  water ;  one  grain  determined.     Saturate  it  with  baryta  water, 

ef  sulphur  indicating  the  presence  of  nearly  and  ignite  tiie  precipitate.     100  grains  of 
S'cnbic  inches  of  tliis  gas*  ^ 
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•ulphateoflHMTtethnsibcnw^uulicaleSl^  0ii9  thcipveqipiftate,  wlwek  conmto  Jb^b  of 

of  real  sulpfaiuic  add.  lipie  and  magnesia,  is  to  be  disaolved  in  waJU 

>    fatMcate  the  iimriatlc  acid  with  befyta  pburic  acid  evaporated  to  dr^iew^  and  treated 

water,  and  then  piedpitate  the  barjta bj  auk  witb..twiee  its  weigbft  of  cold  watexv  wbisb 

phuric  acid*     100<  parts  of  the  ignited  precU  diauilves  tbe  wlpbate  of  magoeeia,  and  leaycp 

^late  are  ^qaiTalent  to  23b 73  grains  of  real  tbe  otfiet  saU».    Left  the  sulphate  of  magnov 

muiiatic  acuL  sift,  be  efaporated  to  dryvess^  eitppsed  to  a 

^ecipitate  the  boncic  add  by  means  of  beat  of  400^»  and  weighed.     The  same  p/r^ 

acetate  of  lead.     Decompose  the-  bomte  of  tiem  WMfreedB,  if  alum  be  present  instead  of 

lead  by  boiling  it  in  su^uric  add.     Eva-  sulpbatp  of  lime.      The  piec^pitate  in  this 

porate  fo  dryness.     Dissolve  tbe  boradc  add  easc^.  previously  dried,  is  to  be  treated  with 

in  alcohol,  and  evaporate  the  solution ;  the  esetic  add»  which  dSssolves  the  magnef ia« 

add  left  behind  may  be  weighed..  imd  leaves  the  alumina.    The  megnesia  may 

To  estimate  the  proportion  of  alkaline  be  again  pcecipitftted,  dnod*  and  weighed, 

-carbonate  present  in  a  water  containing  it|  If  sulphate  of  iron  be  present  it- may  be  sa» 

saturate  it  with  sulphuric  add,  and  note  the  passiled  by  exposing  U)e  water  to  tboairloi 

weight  of  real  add  necessary..    Now  100  some  days,  anii  mixing  witb  it  a,  portion  of 

grains  of  real  sulphuric  acid  saturate  120.0  alumina.     Both  the  oxide  of  iron  and  tbe 

potash,  and  80»0.  soda..  sulphate  of  alumina,  thus  formed*  predpitate 

4.  The  alkaline  SMiphates  may  be  estimated  in  the  state  of  an  insoluble  powder.     Tlie 

by  predpitating  their  add  by  means  of  mU  sulphate  of  n^agnesia  may  then  be  estimated 

tiato  of  baryta,  having  previously  ikeed  the  by  the  rules  above  given, 
water  from  all  other  sulphates;  foe  14. 7d         Sulphate  of  iroix  may  be  estimated  by  pre* 

grains  of  ignited  sulphate  of  baryta  indicate  dpitating  the  iron  by  qaeans  of  pcyssic  alkali* 

0.0  grains  of  dried  sulphate  of  soda;  whiJo  having  previously  determined  the  weight  of 

14.75  sulphate  of  baryta  indicate  11  of  dry  the  pr^pitate  produced  by  the  prussiate  in 

sulphate  of  potash.  a  solution  of  a  given  weight  of  sulphate  of 

Sulphate  of  lime  is.  easily  estimated. by  iron  in  water.     If  muriate  of  iron  be  also 

evaporating  tbe  liquid  containing  it  to  a  few  presont,  which  is  a  very  rare  case,  it  may  be 

ounces  (having  previously  saturated  the  earthy  separated  by  evaporating  the  water  to  dry* 

casbonate  with  nitric  add),  and  predpitating  ness,  and,  treating  th^  cesiduum  with  alcobo]» 

the  sulphate  of  lime  by  means  of  weak  a]co»  which  dissolves  tbie  muriate,  and  leaves  the 

faoL     it  ipay  then  be  dried  and  weighed.  sulphate* 

llie  quantity  of  alum  may  be  estiniated         6»  If  muriate  of  poltash»  or  of  soda,  witfir 

fay  precipitating  the  alumina,  by  carbonate  of  out  i^y  other  salt,  exyst  in  water,  we  have 

yme  or  of  magnesia,  (if  no  lime  be  present  only  to  decompose  them  by  nitrate  of  silver* 

in  the  liquid).     Eleven  grains  of  the  a)ut>  and  dry  the  precipitate ;  for  1&25  of  mur 

mina,  heated  to  incandescence^  indicate  100  riate  of  silver  indicate  9.5  of  muriate  of  pot- 

of  crystallized  alum,  or  55  of  dried  salt.  ash ;  and  18.25  of  muriate  of  silver  indicate 

Sulphate  of  magnesia  may  be  estimated,  7.5  of  common  salt, 
provided  no  other  sulphate  be  present^  by         Tbe  iame  process  is  to  be  followed  if  tbe 

predpitating  the  add  by  means  of  a  barytic  alkaline  carbonates  be  present ;  only  these 

salt,  as  14^75  parts  of  ignited  sulphate  of  ctfbonates  must  be  pseviously  saturated  with 

baryta  indicate  7.5  of  sulphate  of  magnesia,  sulphuric  add ;  .and  we  must  precipitate  th^ 

If  sulphate  of  lira^  and  no  other  sulphate,  muriatic  add  by.  means  of  siilpha^  of  silv«f 

accompany  it,  this  may  be  decomposed,  and  instead  of  nitrate.    The  presence  .qfsulphatp 

the  lime  precipitated  hj  carbonate  of  mi^  of  soda  does  not  injure  the  success  of  this 

nesia.    The  weight  of  the  lime  thus  obtained  process. 

enables  us  to  ascertain  the  quantity,  of  sut-         If  muriate  of  ammonia  accompany  either 

phate  of  lime  contained  in  the  water.     Tbe  of  the  fixed  alkaline  sulphates  without  th^ 

whole  of  the  sulphuric  add  is  then  to  b^  presence  of  any  other  salt,  decompose  the  ssl 

precipitated  by  baryta.    This  gives  the  quan-  antnHmiac  by  baryta  water,  expel  the  ammo- 

tity  of  sulphuric  acid ;  and  subtracting  the  nia  by  boiling,  pfedpitate  tlie  baryta  by  d^ 

portion  which  belongs  to  the  sulphate  of  luted  sulphuric  acid,  and  saturate  the  mu?i- 

lime,  there  remains  that  which  was  combined  atic  add  with  soda.     The  sulphate  of  bary^ 

with  the  magnesia,  from  which  the  sulphate  thus  predpitated  indicates  the  quantity  c^ 

of  magnesia  may  be  easily  estimated.  muriate  of  ammonia,  14.75  grains,  of  suj^ 

If  sulphate  of  soda  be  present  no  earthy  phate  indicating  6.75  grains  of  this  salt.     If 

nitrate  or  muriate  can  exist*   Therefore^  if  no  any  sulphates  be  present  in  the  solution,  they 

other  earthy  sulphate  be  present,  the  magne-  ought  to  be  previously  separated, 
sia  may  be  precipitated  by  soda,  dried  and         If  common  salt  be  adrompanied  by  mu- 

wdgbed ;  2.5  grains  of  which  indicate  7.5  riate  of  lime,  muriate  of  magnesia,  muriate 

grains  of  dried  sulphate  of  magnesia*     H^  of  alumina,  or  muriate  of  iroii,  or  by  all  the^ 

same  process  succeeds  when  sulphate  of  lime  together,  without  any  other  salt,  the  eartlut 
accompanies  these  two  sulphates;  only  in  this  SF 
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may  be  prectpltated  by  baryta  water,   and  thod  of  aaoertamiiig  the  pioportipe  of  d» 

rediflfloltred  in  muriatie  acid.     Tbey  are  then  nitrates  which  may  exist  in 
to  be  separated  fVom  each  other  by  the  rules         When  nitre  accompanies 

formerly  laid  down,  and  their  weight,  being  mnriates  without  any 

determined.  Indicates  the  quantity  of  every  phaiM  mt^  tfgi.^-4mmmi§mmi.hy\ 

particukr  earthy  muriate  contafawd  bs  tfiie  Bv^ta^  and  the  niuiiatcs  by 

water.     For  60  grains  of  limoindfeaie  100  The  water,  after  filtration,  tstobei 

of  dried  muriate  of  liaoe;  90  grains  of  mag-  to  dryness,  and  the  icsidnum 

nesia  indicate  100  of  the  muriate  of  that  alcohol,  which  disaolTCS  the 

earth ;  and  21.8  grains  of  alumina  indicate  leaves  the  nitre,  the  quantity  of  wfaicfa 

100  of  the  muriate  of  alumina.     The  baryta  be  easily  calculated.    If  an  alkali  be 

is  to  be  separated  from  the  solution  by  sul-  it  ought  to  be  previously  aatunfced  with 

pburic  add,  and  the  muriatic  acid  ezpeQed  phuric  or  muriatic  acid, 
by  hcat^  or  saturated  with  soda :  the  com^         If  nitres  common  salt,  nitrate  of  I 

mon  salt  may  then  be  ascertained  by  erapora-  muriate  of  lime  or  magnesia,  be 

tion,  subtracting  in  the  last  case  the  propor-  gether,  the  water  ou^it  to  be 

tion  of  common  salt  indicated  by  the  known  dryness,  and  the  dry  masa  treeted  with 

quantity  of  muriatic  add  firom  which  the  hcA,  which  takes  up  the  earthy  salts.     Fhns 

earths  bad  been  separated.  the  residuum,  rediseoWed  in  water,  the  nine 

When  sulphates  and  muriates  exist  toge-  may  be  separated,  and  calculated  aa  in  the 

ther,  they  ought  to  be  separated  either  by  last  case.     The  alcoholic  solutioa  is  to  he 

precipitating  tibe  sulphates  by  means  of  alca>  evaporated  to  dryness,  and  the  icsiduom  je« 

bol,  or  by  evaporating  the  whole  to  dryness,  dissolved  in  water.      Let  us  supiwae  it  te 

and  dissolving  the  earthy  muriates  in  alco-  contain  nmiiate  of  magnesia,  nitrate  of  lias^ 

hoi.     The  salts  thus  separated  may  be  csti-  and  muriate  of  lime.     Brcdpitate  the  bm- 

mated  by  the  rules  alreaidy  laid  down.  rialic  add  by  nitrate  of  silver,  which  gives 


When  alkaline  and  earthy  muriates  and     the  proportion  of  muriate  of 
sulphate  of  lime  occur  tc^^ether,  the  last  is  to     of  -lime.     Separate  the  magnesia  by 
be  decomposed  by  means  of  muriate  of  b»-     of  caibonate  of  Ume,  and  note  its  quamity. 


lyta.     The  predpitate  ascertains  the  weight     This  gives  the  quantity  of  nmriate  of 
cf  sulphate  of  lime  contained  in  the  water,     nesia;  and  subtracting  the  muriatic  add 
The  estimation  is  then  to  be  conducted  as     tained  in  that  salt  irom  the  whole  add  indi- 


when  nothing  but  muriates  are  present,  only  cated  by  the  predpitate  of  sUver,  we  hate 

from  the  muriate  of  lime  that  proportion  of  the  proportion  of  nouriate  of  Ummmb.     lastly, 

muriate  must  be  deducted  which  is  known  saturate  the  lime  added  to  predpitate  the 

to  have  been  formed  by  the  addition  of  the  magnesia  with  nitric  add.     Then  predpitale 

muriate  of  baryta.  the  whole  of  the  lime  by  sulphuric  add ;  and 

MTben  muriates  of  soda,  magnesia,  and  subtracting  from  the  whole  of  the  anlphsti? 

alumina  are  present,  together  with  sulphates  thus  formed,  that  portion  formed  by  the  cm- 

of  lime  and  magnesia,  the  water  to  be  exa-  bonate  of  lime  added,  and  by  the  lime  eoo- 

mined  ought  to  be  divided  into  two  equal  tained  in  the  muriate^  the  lesiduum  gives  ns 

portions.     To  the  one  portion  add  carbo-  the  lime  contained  in  the  original  nitnie; 

nate  of  magnesia  till  the  whole  of  the  lime  and  35  grsins  of  lime  fonn  102L5  of  dry  bs> 

and  alumina  is  predprtated.     Ascertain  the  trate  of  lime. 

quantity  of  lime  which  gives  the  proportion  In  the  year  1807,  Dr  Marcet  advaaead 

of  sulphate  of  lime.     Predpitate  the  sulphu-  some  new  ideas  on  the  art  of  analyiii^  mane* 

rie  add  by  muriate  of  baryta.     This  gives  ral  waten^  in  an  admirable  paper  oo  the 

the  quantity  contained  in  the  sulphate  of  water  of  the  Dead  Sea,  inserted  in  the  HuL 

magnesia  and  sulphate  of  lime  :  subtracting  Transactioos.   "  It  is  satisftctory  te 


this  last  portion,  we  have  the  quantity  of  sul-     says  this  excellent  chemist,  *'  that  Dr  Mi 
phate  of  magnesia.  ray  adopted,  several  yean  aftcrwardsy  a  mode 


FVom  the  second  portion  of  jvater,  predpi-     of  proceeding  precisely  similar,  and  indeed 
tate  all  the  magnesia  and  alumina  by  means     tfiat  he  proposed,  in  a  subsequent  paper,  a 


of  lime  water.     The  wdgbt  of  these  earths  general  formula  for  the  analysis  of 

enables  us  to  ascertain  the  wdght  of  muriate  vraters,  in  which  this  method  is  pouited 

of  magnesia  and  of  alumina  contained  in  as  likely  to  lead  to  the  most  accurate 

the  water,  subtracting  that  part  of  the  mag^  And  this  coinddenoe  is  the  more 

nesia  which  existed  in  the  state  of  sulphate,  as  it  would  appear  from  Dr  Muzray 

as  indicated  by  the  examination  of  the  first  mentioning  my  labours,  that  they  had  not  sc 

portion  of  water.    After  this  estimation,  pre-  that  time  come  to  his  knowle<^|e.**     PU 

dpitate  the  sulphuric  add  by  baryta  water.  Trans,  1819,  partiL 


and  the  lime  by  carbonic  add.     The  liquid.         The  following  table  exhibits  the 

evaporated  to  dryness,  leaves  the  common  tions  of  the  prindpal  mineral  waters 

Mlt.  as  that  of  the  sea.     The  reader  will  find  in 

0.  It  now  only  remains  to  explain  the  me-  the  FhiL  Trans,  for  1819  a  very  valoable 
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1^ 


dinertation  on  sea-water,  by  Dr  Marcet»  of 
which  a  good  abstract  is  giTea  in  the  2d 
volume  of  the  Edin.  Phil.  Journal.  Hiis 
philosopher  shows,  that  in  BaffinVBay,  the 
Mediterranean  Sea,  and  the  Tropical  Seas, 
the  temperature  of  the  see  diminishes  with 
the  depth,  according  to  the  obaeivations  of 
Fhipps,  Ross,  Pany,  Sabin^  Saussure,  Ellis, 
and  Peron ;  but  that  in  the  Arctic  or  Green- 
land Seas,  the  temperature  of  the  sea  increases 
with  the  depth.  This  singular  result  was 
first  obtained  by  Mr  Scoresby,  in  a  series  of 
well-Gondocted  experiments,  and  has  been 
confirmed  by  the  later  obseryations  of  Lieu- 
tenants Franklin  and  Beechy,  and  Mr 
Fisher. 

I  shall  prefix  the  results  of  the  recent  ana- 
lysis by  M.  Benelius  of  the  waters  of  Carls- 


bad. They  are  very  extraordinary,  and  he 
has  found  many  substances  not  hitherto  susp 
pected  to  exist  in  theoL 

Sulphate  of  soda,  2.56714 

Carbonate  of  soda,  1 .25200 

Muriate  of  soda,  1.04693 

Carbonate  of  lime,  0.31219 

Fluate  of  lime^  0.00331 

Phosphate  of  lime,  0.00019 

Caibonateofstrontia,  0.00097 
Carbonate  of  magnesia,  0. 18221 
Phosphate  of  alumina,  0. 00034 
Carbonate  of  iron,  0.00424 

Carbonate  of  manganese,  a  trace 
SiUcB,  0.07504 


5.46656 
^fin.  (U  Chirn*  et  de  Phys,  xxi.  248^ 
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WATER  (OXYGENIZED).         B21  WAX. 

WATER  (OXYGENIZED),  or  drat-     He  tbon  introduoed  a  little  6brin,  <iuite 
of  hydwgem,     TkoB  mtereatiBg  eom-     white,  aad  recendy-eKtraoted  fi«in  blood. 


poond  has  baen  lately  formodliy  M.Tliieiiatd«  The  oxygen  begaa  instaatly  to  be  disengaged 

and  an  account  of  it  publhb«l  in  the  tcoth  from  the  'wster ;  the  'Biercury  in  •  the  tube 

▼ohime  of  the  Annales  de  Chimie  A  de  sunk ;  at  the  end  of  six  minutes  the  water 

Fbyaqne.     Hie  deutozide  of  barium  being  wm  completely  diaoxygenated ;    /iar  it  no 


in  water,  and  sulphuric  add  added,  longer  eflbryesced  with  oxide  of  siWer.   Havw 

the  protoxide  of  barium  or  baryta  falb  down,  ing  then  meattuwri,  the  gm  disengi^ped,  he 

.Jcaving  the  oxygen  comliincd withthe water,  found  it  176  measuaes  ss  8  X  ^  ^lut  is 

It  contains,  at  38^  F.  when  saturated,  twice  to  say,  as  much  as  the  liquid  contained. 


the  qnantky  -of  oxygen  of  comnnon  water;  This  gas  contained  neither  cartxmic  acid  nor 

that  is  to  ny,  a  cubic  inchabaoriM  662  cabtc  aiole.     It  was  pure  oxygen.     Hie  same 

inches  as  22i.i6  gr.,  forming  476.98  grains,  fibrin  placed*  in  contact  with  new  portions  of 

and  acquires  a  specific  gmyity  of  1.468.  oxygenated  water,  acted  in  llie  same  manner* 

Hence  1.0  in  volume  becomes  apparently  Urea,  albumen,  liquid  or  solid,  tadgeU^ 

•1.3 ;  containing  1324  Tolumes  of  oxygen ;  tin^  do  not  disengage  oxygea  fiom  water, 


and  1  volume  thereibre  contains  very  nsariy  even  vary  auich  oxygenated.    But  the 

1000  voltunes.  of  the  iiing%  cut  into  thin  sUces  and  weU 

In  consequence  of  this  great  density,  when  washed,  that  of  the  hidneys  and  the  spleen, 

it  is  poured  into  eommon'  wateiv  we  see  it  drive^  the  oaygen  out  of  the  walar,  urith  as 

fall  down  through  Aat  liquid  like  a  sorlof  much  facility,  at  least,  as  fibrin  does.   •  The 

synip,  though  it  is  very  seinble  in  it. .    It  skin  and  the  veins  possess  the  same  property, 

attacks  the  epidermis  almost  instantly,  and  but  in  a  weaker  degree.     These  resuha  aae 

produoes  a  pridding  pain,  the  duration  of  equally  interesting  and  mysterious.     For« 

which  varies  according  to  the  quantity  of  the  viduable  appUoation  of  oxygenated  water,  see 

liquid  applied  to  the  skin.     If  this  quantity  Paints. 


I>e  too  gicat,  or  if  the  liquid  be  renewed,  WAVELITE.     Colour   greyish-white; 

the  skin  itself  is  attacked  and  destroyed,  imitative^  and  crynfsMisnd   in  very  oblique 

When  applied  to  the  toagne,:  it  whitens  it  four-^nded  prisms,  flatly  bevelled  on  the  ex- 

aIso»  thidEens  the  saliva,  and  produces  ia^tiia  trenutieB^  or  tmncated  on  the  obtuse  lateral 


4>igans  of  taste  a  sensation  diflbsolt  to  ex*  edges;  shining,  pearly;  fiagments  wedge* 

press,  but  one  which  approachss  io  tliatof  sh^ied;  traaslttcent;  as  hard  as  fluor-spar; 

tartar  emetic.     Itoaction  on  oxide  of  silver  brittle;  sp^  gr.  2.3  to  2L&     Its  censtituanto 

fo  exceedingly  violent.     Every  drop  of  the  ate,  ahmJina  70,  lime  1.4^  water  26.2.—. 

liquid  let  &  on  the  dry  oxide  psoduces  a  Davy*     It  is  said  to  contain  also  a  small 

.Ml  explosion ;  and  so  much  heat  is  evolved,  quantity  of  fluoric  acid.     It  occurs  in  veins 

that  if  the  experiment  be  made  in  a  dark  idong  with  fluor-spar,  quarts,  tinstone  and 

place^  there  is  a  very  ssnsible  disengagement  oapper  pyrites  in  granite^  at  St  Austin  in 

of  light.     Besides  the  oxide  of  silfar,  there  ConiwaU.     At  Barnstaple  in   Devonshire^ 

are  several  other  oxides,  which  act  with  vio-  vrhere  it  waa  first  found  by  Dr-  Wavell,  it 

lence  on  oxygenated  water ;  fior  example,  the  trsvnrses  slate^clay,  in  tim  fiwm  of  small-con- 

peroxide  of  manganese,  that  of  cobalt,  the  temporaneous  veins.     It  has  been  ibund  in 

oxides  of  lead,  platinum,  gold,  iridium,  rfao-  radcs  of  slate-day,  near  Loch  Humphry 

dium,  palladinm.     Several  metals  in  a  state  Dumbartonshire. 


..of  extreme  division  occasion  the  same  pho-         WAX  is  a  concrete  unctuous-feeling 

.  nomenon ;  such  es  silver,  platimim,  gold,  oa-     ble  matter,  secreted  by  bees  in  oonstruodiig 


mium,  iridium,  rhodium,  palladium.     In  all     the  cells  of  their  hvrea,    Ftoust  says,  indeed, 
the  preceding  cssfs,  it  is  always  the  o^gen     that  the  bloom  on  fruit  is  real  wax ;  and  that 


united  to  the  water  which  is  disengaged,  and  it  is  wax  spread  over  leaves  which  prevents 
sometimes  like^se  that  of  the  oxide;  but  in  them  Anora  being  wetted,  as  on  the  cabbage- 
others,  a  portion  of  the  oxygen  unites  with  leaf.  Huber,  ^however,  asserts,  from  his  ob- 
the  metel  itself.  Tbis  is  the  case  when  ar-  servatioos,  that  the  wax  in  bee-hives  is  sn 
senic,  molybdenum,  tungsten,  or  selenium  is  artificial  production,  made  by  the  bees  4vm 
employed.  These  metals  are  often  acidified  honey ;  that  they  cannot  procure  it,  unless 
with  the  production  of  light  they  have  honey  or  sugar  for  the  purpose; 

The  adds  render  the  oxygenated  water  and  that  raw  sugar  affords  more  than  honey, 

more  stable.     Gold  in  a  stete  of  extreme  Wax  is  distinguished  from  &t  and  resinous 

division  acts  with  great  force  on  pure  oxy-  bodies,  by  its  not  becoming  saponified  when 

genated  water ;  yet  it  has  no  action  en  that  treated  with  alkaline  solutions.     It  forms  in 

Uquid,  if  it  be  mixed  with  a  little  sulphuric  this  case  merely  a  milky  emulsion,  but  no 

add.  true  compound.     Wax  is  not  altered  even 

M.  Tlienard  took  pure  oxygenated  water,  when  mdted  with  carbonate  of  potash;  for 
and  diluted  it,  40  that  it  contained  only  dght  it  may  be  readily  scpsnted  with  all  its  pro- 
times  ito  volume  of  oxygen.  He  passed  22  parties  unimpaired.  A  apedes  of  componnd, 
measures  of  it  into  a  tube  filled  with  mercury,  indeed,  is  made  of  wax  andcarbMMte  of  pot^ 


WAX. 


ass 


WHEAT. 


•ilv  to  varnish  the  floora  of  aptftmenti.  llie 
ipecUic  gimvitj  of  wax  is  0.966 ;  and  its 
mcHing  point  is  about  142^  in  the  natuiaL 
yrilow  states  and  155^  when  bleached. 

Wax  maj  be  depriTed  of  its  natural  ydlow 
diasgreeable  colour,  and  be  perfectly  whiten- 
ed, by  exposure  to  the  united  action  of  air 
and  water,  by  which  method  the  colour  of 
many  substances  may  tw  destroyed. 

lie  art  of  bleaching  wax  consists  in  in- 
creasing its  surface ;  for  which  purpose  it  must 
be  mdted  with  a  d^^ree  c^  beat  not  sufficient 
to  alter  its  quality,  in  a  caldron  so  disposed 
that  the  melted  wax  may  flow  grsdually 
through  a  pipe  at  the  bottom  of  the  caldron 
into  a  large  tub  filled  with  water,  in  which  Is 
fitted  a  large  wooden  cylinder,  that  turns  con- 
tinually round  its  axis,  and  upon  which  the 
melted  wax  ftlls.  As  the  surface  of  this 
cylinder  is  always  moistened  with  cold  water, 
the  wax  fidling  upon  it  does  not  adhere  to  it, 
but  quickly  becomes  solid  and  flat,  and  ac- 
quires the  form  of  ribands.  The  continual 
rotation  of  the  cylinder  carries  oiF  these  ri- 
bands as  flttt  as  they  are  formed,  and  distri- 
butes them  through  the  tub.  When  all  the 
wax  that  ia  to  be  whitened  is  thus  formed,  it 
is  put  upon  large  frames  corered  with  linen 
doth,  which  are  supported  about  a  foot  and 
a  half  abore  the  ground,  in  a  sitaation  ex^ 
posed  to  the  air,  the  dew,  and  the  sun.  Hie 
thickness  of  the  serefal  ribands  thus  fdaced 
upon  the  fyaroes  ought  not  to  exceed  an  inch 
and  a  half,  and  they  ought  to  be  moved  from 
time  to  time,  that  they  may  all  be  equally 
exposed  to  the  action  of  the  air.  If  the  wea- 
ther be  faTOorablcb  the  colour  will  be  changed 
in  the  space  of  some  days.  It  is  then  to  be 
re-mdted  and  formed  into  ribands,  and  ex- 
posed to  the  action  of  the  air  as  before. 
^These  operations  are  to  be  repeated  till  the 
wax  is  rendered  perfectly  whiter  and  then  it 
is  to  be  melted  into  cakes,  or  formed  into 
candles. 

Wax  b  composed,  according  to  MM.  Gay 
Lussac  and  Tbenard,  of 

Oxygen,  5^544 

Hydrogen,  12.672 

Carbon,  81.784 


Wax  is  employod  for  many 
aereral  arts.     It  is  also  used  in  surgery  mm  m 
softening  relaxing  application  with  ofly 


loaooo 

See  Cebin. 

By  my  aiudyaia, 

wax  consists  in  100  parts 

of. 

Carbon,      8a69 

13  atoms  9.75      80.4 

Hydrogen,  11.97 

11            1.975     11.3 

Oxygen,        7.94 

1           1.000     a3 

100.00  100.0 

Or  in  other  words,  of  1 1  atoms  olefiant  gas 
-f*  1  atom  carbonic  oxide  -f-  I  atom  carbon. 
Had  the  experiment  given  a  Tery  little  more 
hydrogen,  we  should  have  had  wax  as  con- 
sisting  of  12  atoms  olefiant  gas  4-  1  atom 
carbonic  oxide.— P*t7.  Tnms,  for  1822. 


WEBSTERITE.  Native  sobsolplMle  of 
alumina,  first  ibund  at  Halle  in  Sazosiy,  aad 
afterwards  discovered  by  Mr  Webaler  at  New- 
haven  near  Brighton.  It  occurs  in  tlw  foens 
of  nodules  about  the  sise  of  nuts^  and  r»- 
sembles  in  aspect  pure  alumina.  Aueurdiay 
to  Stromeyer  it  contains  47  per  cent  of  water ; 
and  he  represents  it  as  being  compoaed  of  1 
atom  of  idumin%  I  of  sulphuric  acid,  and 
9  of  water.  It  consists  of  an  infinity  of 
minute  adwilar  crystals^  so  small  as  to  be 
discernible  only  in  Uie  microBoope.  It  ocobbs 
flways  in  the  plastic  day  above  the  dialk  for- 
mation, accompanied  by  lignite  and  gypsnoL 
Such  b  its  geiriogical  postiion  in  Gennany, 
England,  at  Auteuil  near  Fsris,  and  at  Bcr- 
non  near  Epernay  in  Vwmce, 

When  Websterite  is  crushed.  Ae  powder 
is  very  brilliant,  and  soli  to  the  touch.  T^ 
Auteuil  variety  consJstSj  by  M.  Dumas^  of 
sulphuric  add  23^  alumina  30^  water  49^ 
agrceirig  with  the  other  specimens. 
WELD,  OE  WOALD  (reseda 
linn.),  is  a  plant  cultivated  in  Kent^  Hea^ 
fordshire^  and  many  oAer  parts  of  this  king- 
dom. The  whole  of  the  plant  is  oaed  for 
dydng  ydlow ;  though  some  assert^  that  die 
seeds  only  afford  the  colouring  matter. 

Two  sorts  of  Weld  are  distingnished— the 
bastard  or  wild,  which  grows  naturally  ia  the 
fields;  and  the  cultivated,  die  atailES  of  which 
are  smaller,  and  not  so  high.  Far  dyeiqg, 
the  latter  is  preferred,  it  abounding  more  in 
colouring  matter.  The  more  slender  die  staB^ 
the  more  it  is  valued. 

When  the  wdd  is  ripe^  it  is  pulled,  dtiad, 
and  made  into  bundles,  in  iriiicfa  state  it  is 
used. 

The  ydlow  oommunicated  to  wool  bj  wtU 
has  little  permanency,  if  the  wod  be  not  pre- 
viously prepared  by  some  mordanti  For  Ais 
purxxMe  dum  and  tartar  are  used,  by  micans 
of  which  thu  plant  gives  a  very  pare  ydhnr, 
which  has  the  advantage  of  bdi^  perma- 
nent. 

WELTER'S  TUBE.  Sea  Lamkaiwy. 
WERNERITE.     Foliated  Scapoiitei 
WHEAT  FLOUR.     See  Gum^  and 
ZmouB. 

WHEAT.  SirlLDavydivwastliega. 
neral  result  of  hb  experimcsili^  that  the  wheat 
grown  in  the  soutliem  provinces  of  Europe 
and  America,  contun  more  gluten  than  that 
of  the  ixMthem. 

PhMist  found  in  IQO  parts  of  wheat  fioor, 
Tdlow  resin,  -  I.O 

Gummy  and  saccharine  extract,      12.0 
Gluten,  -  .  12.5 

SCardi,        ...  74^5 

100.0 


il 
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m  1km  JritieMH  sptUth  taid 
iriiieum  Mbemumt 

Fecula,  68  74 

Undried  gluten,  34  22 

Gummy  migar,  5  6w5 

Vegetable  altmmeD,      1.5  0.5 

Some  earthy  phoqilwtes  end  other  salts. 
When  wheat  becomes  mouldy,  it  is  best 


treated  by  iwmenion  in  double  its  bulk  of 
boiling  water,  and  leaving  it  there  till  the 
water  cools.    The  qpoiled  grains  come  to  the 
surfiice;  the  good  go  to  t&  bottom,  and  are 
thus  eissily  sepanble. 

•  The  following  aie  Vauquelin's  results  oa 
the  analysis  of  different  kinds  of  wheat -»See 
Bbxas^  Gluten,  Stabcb. 


Kunei. 

Molature; 

GltttOL 

starch. 

Sugar. 

Giim-sluten. 

Gross  flour  of  wheat. 

10 

10.96 

71.49 

4.72 

a32 

Flour  of  maslin,  (wheat  and  rye), 
Gross  flour  of  Odessa  hard  wheat, 

6 

9.80 

75.50 

4.22 

a28 

12 

14.55 

56.50 

8.48 

4.90 

Do.     do.           do.      soft     do. 

10 

12.00 

62.00 

7.36 

5.80 

Do.  second  quality. 

8 

12.10 

70.84 

4.90 

4.60 

Do.  of  the  service  called  2d, 

12 

7.30 

72.00 

5.42 

a30 

Flour  of  Parisian  bakers, 

10 

10.20 

72.80 

4.20 

2.80 

8 

10.30 

71.20 

4.80 

aoo 

Do.             Da       third  quality, 

12 

9.02 

67.78 

4.80 

4.60 

WHET  SLATE.  Coloiir  greenish-gray; 
nve;  feebly  glimmering;  fracture  sktfy 
in  the  larger,  s{itintery  in  the  small;  fng- 
ments  tabular;  traoaluoent  on  the  edges; 
streak  greyi^Kwhite ;  soft  in  a  low  d^rree; 
feels  rather  greasy;  spbgr.  2.722.  It  occurs 
in  beds  in  primitiTe  and  transition  clay-elale. 
It  is  found  at  Seifendoif  near  Freybetg. 
Very  flne  varieties  are  brought  from  Tnrk^, 
called  Honestones.  It  is  used  for  sfaarpeninir 
steel  instruments. 

WHEY.  The  fluid  part  of  milk  which 
twnaiBs  after  the  curd  has  been  separated. 
See  MiUL  It  contains  a  saodiarine  matter, 
some  butter,  and  a  small  portion  of  cfaeese. 

WHISKY.  Dilute  jilcohol,  which  see, 
and  DunLLATiON. 

WHITE  COPPER.     See  Tutenacu 

WHITE,  SPANISH,  and  WHITE 
LEAD.     See  Ceruse. 

WHITING.  Chalk  cleared  of  its  grosser 
impurities,  then  ground  in  a  mill,  and  made 
up  into  small  loaves,  is  sold  under  the  name 
of  Whiting. 

WINE.  Chemists  give  the  name  of  wine 
in  general  to  all  liquors  that  have  become 
spirituous  by  fermentation,  llius  cider,  beer, 
l^dromel  or  mead,  and  other  similar  liquors, 


The  piindples  and  theory  of  the  fermentit- 
tion  which  produces  these  liquors  are  essen- 
tially the  same.  The  more  general  principles 
we  have  explained  under  the  article  Fbb- 

MBNTATIOM. 

Of  all  substances  susceptible  of  the  spiritu- 
ous fermentation,  none  is  capable  of  being 
converted  into  so  good  wine  as  the  juice  of 
the  gnpes  of  France,  or  of  other  countries 
that  are  nearly  in  the  same  latitude^  or  in  the 
same  temperature.  The  grapes  of  hotter 
countries,  and  even  those  of  the  southern 
provinces  of  France,  do  indeed  furnish  wines 
that  have  a  more  agreeable^  that  is,  more  of 


a  sacdiarine  taste ;  but  these  wines,  thoij^gh 
they  are  suffidendy  strongs  are  not  so  spiri- 
tuous as  those  of  the  provinces  near  the  mid- 
dle of  France :  at  least  from  these  latter  wines 
the  best  vinegar  and  heandy  are  made. 

This  juic^  when  newly  expressed,  and 
before  it  has  begun  to  ferment^  is  called  must, 
and  in  conamon  language  sweet  wine.  It  is 
tuibid,  has  an  agreeable  and  very  saccharine 
taste.  It  is  very  laxative ;  and  when  drunk 
too  freely,  or  by  persons  disposed  to  diar- 
rhoeas, it  is  apt  to  occasion  these  disorders. 
Its  consistence  is  somewhat  less  fluid  than 
that  of  water,  and  it  becomes  almost  of  a 
pitchy  thickness  when  dried. 

When  the  must  is  pressed  from  the  grapes, 
and  put  into  a  proper  vessel  and  place,  with 
a  temperature  between  fifty-five  and  sixty 
degrees,  very  sensible  effects  are  produced  in 
it,  in  a  shorter  or  longer  time,  according  to 
the  nature  of  the  liquor,  and  the  exposure  of 
the  place.  It  then  swells,  and  is  so  rarefied, 
that  it  fivquentiy  overflows  the  vessel  con- 
taining it,  if  this  be  nearly  full.  An  intes- 
tine motion  is  excited  among  its  parts,  accom- 
panied with  a  small  hissing  noise  and  erident 
ebullition.  Hie  bubbles  rise  to  the  surface, 
and  at  the  same  time  is  disengaged  a  quantity 
of  carbonic  add,  of  such  purity,  and  so  subtle 
and  dangerous,  that  it  is  capable  of  killing 
instantij  men  and  animals  exposed  to  it  in 
a  place  where  the  air  is  not  renewed.  The 
skins,  stones,  and  other  grosser  matters  of  the 
gmpes,  sre  buoyed  up  by  the  partides  of  dis- 
engaged air  that  adhere  to  their  surface,  are 
variously  agitated,  and  are  raised  in  f<»Tn  of 
a  scum,  or  soft  ai^d  spongy  crust,  that  covers 
the  whole  liquor.  During  the  fermentation, 
this  crust  is  frequentiy  raised  and  broken  by 
the  air  disengaged  from  the  liquor,  which 
forces  its  way  through  it;  afterward  the  crust 
subsides,  and  becomes  entire  as  before. 

These  effects  continue  while  the  fermentit* 
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m  fioUied,  a^  Ibe 

^CTUrt,  being  «o  loager  imipwiil,  fclb  in  cnao,  U  does  not  mUy  cnnR$  od 

|)|fffi  t0  the  bottom  of  tfio  fiquor.-    At  itm  to  be  contiinied  in  tome  dcgrae^  if  we 

tODC^if  flMwooldhflmastroMgandgeMvoQi  hove  good  wine;. 
wui^allMiMiblefennentalioa.Bnstbe«lop-         In  this  new  wine  m  pen  of  the 

pcd.     lUs  is  done  by  pottiiig  Ibe  wime  into  bebl  j  ranains  tint  ' 

dose  Meeb,  and  «arrfiiig  these  into  «  ccUer  wUchaftenMidfr- 

or  other  cool  plecei^  •  tiist  none  of  tfae 

After  this  lint  optrstion,   en  intenrsl  of  the  lint  fermentatkiQ 

fcpoee  takes  place,  as  is  indicsted  by  the  The  finnentstioa  therefore  still 

cesntion  of  the  sensible  effecto  of  the  spin-  the  wine,  during  a  longer  or  ' 

tuous  fomentation ;  and  tfaos  ensbles  us  to  thoo^  in  an  imperceptible 

pnaerre  a  liquor  no  less  agreesUe  in  its  taste,  is  the;  second  period  of  tiie  spiritoom 

^hawi  useful  for  its  reriving  and  nutritiTe  qua-  tation,  which  may  be  called  tfae  impcRqeftis 

litics  when  drank  moderstely.  fennontstiim.     We  msy  eaidy  perceive,  datt 

If  we  examine  tfae  wine  produced  by  this  tfae  effect  of  this  imperoeptibie  ftrmenwisB 

fint  fomeatation,  we  shall  6nd,  that  it  diffen  is  the  gnduai  incresse  of  tiie  quantity  of  el- 

cntirely  and  esientially  from  the  juice  of  cobol.     It  has  also  anoAer  effect  no  kerad- 

gnpes  before  fermentatuMi.     Its  sweet  and  Tantageou%  namely,  the  sepMiatimi  of 

■Bcdiarine  taste  is  changed  inte  one  that  is  acid  salt  cdled  tvtsr  from  tiie  wine.    " 

very  different,  though  still  agreeable,   and  matter  is  tlieiefiwe  a  seoond  srdimfnt  that 

eomewhat  spirituous  and  piquant.  It  has  not  formed  in  tfae  wine,  and  adheres  to  tfae  ad 

tiie  laxalire  quality  of  must,  but  affects  the  of  the  faontaining  vesscla.     As  the  tasis  of 

head,  and  occasions,  as  is  wcU  known,  dnm-  tartar  is  kanh  aad  dimgneahk^  Jk  ia 

kcmiess.     Lastly,  if  it  be  distUlad,  it  yaslds,  that  the  wine,  which  b^  means,  of  the 

instead  of  the  insipid  water  obtained  fsom  sible  fenmentstion  has  aoqeind 

must  by  distillation  with  tfae  heat  of  boiling  andhasdisei^gageditBelf  of  the 

water,  avobtile,  spiiitueus,  and  inflammable  of  its  tartar,  oqgfat  to  be 

liquor  called  spirit  of  wins^  or  alcolioL   This  more  agreeeble  ;  and  for 

spirit  is  oonseqaently  a  new  bein^  praduoed  cdd  wine  is  uniTenaUy  prffissfak   tn 

by  the  kind  of  lermentation  caUed  tfae  vinons  winet 
or  spirituous.     See  Aloobol.  But  insensible  fermentation  cao  OBlyapaa 

•  When  any  liquor  nndeigoes  the  spirituous  and  mdionte  the  wine  if  tbesensijie 

fct  mentation,  all  its  parts  seem  not  to  ier-  tatiea  have  regularly  proceeded,, 

mcnt  at  the  same  time^  otherwise  tfae  for-  stopped  in  due  timei     We  know 

mentation  would  probably  be  very  quickly  that  if  a  sufident  tisse  hare  not  been 

completed,  and  the  appearances  wonld  be  lbr  the  lint  period  of  the 

mudi  more  striking :  hence^  in  a  liquor  much  unfennented  matter  thst  remains  being  in  too 

disposed  to  fermentation,  tfaismodonis  more  large  a  quantity,  will  tfaen  ftrmeot  in  tfae 

quick  and  simultaneous  than  in  another  E-  bottles  or  clow  vesseb  in  which  the 

qoor  lem  disposed.     Experience  has  shown,  put,  and  will  .occasion  elects  so  mncfa 

that  a  wine^  the  fermentation  of  which  is  rery  sensible,  as  the  first  fennentatien  shall 

slow  and  tedious,  is  never  good  or  very  spi-  been  sooner  intenupted :  hence  tfacee 

rituous ;  and  thwefore,  when  the  weather  ia  are  always  turbid,  emit  buhidei,  and 

too  cold,  the  fermentatioa  is  usually  aoeele-  times.brak  the  bottles,  from  tfae  large 

rated  by  heating  the  place  in  which  the  wine  tity  of  air  disengaged  during  the 

is  made.  tion. 

A  too  hasty  and  violent  fermentatian  is         We  have  an  instance  of  there  eflOada  in  tfae 

also  hurtful,  from  tfae  dissipation  and  loss  ef  wine  of  Champagne,  and  in  otbcn  of  tfae 

some  ef  the  spirit.     However,  we«may  dis-  kind.     The  sensihie  iannentatien  of 

tingttish,  in  the  ordinary  method  of  making  wines  is  interrupted,  or  rather  suppressed^ 

vrines  of  grapes,  two  periods  in  the  fermenta-  they  may  hare  this  sparkling  qoalily.     It 

tion,  the  first  of  which  lasts  during  the  ap-  weU  known  that  theae  winre  make  tfae 

pearanoe  of  the  sensible  effects  above  men-  fly  out  of  the  bettire}  that  they  qiatUe 

tioned,  in  which  the  greatest  number  of  fer-  froth  when  they  arepoured  into  gleans; 

mentiMe  particles  ferment     After  this  first  lastly,  that  they  have  a  taste 

effort  of  frrmentation,  there  e£BBctt  senaibly  lively  and  more  piquant  than  wines  timt  do 

diminish,  and  ought  to  be  stopped,  for  rea-  not  sparkle;  but  this  sparkling  qnalitj. 


sons  hereafter  to  be  mentioned.    Thefermen-     aH  the  effects  depending  on  it,  are  only 
tative  motion  of  the  Uquon  tfaen  ceases     Hie     caused  by  a  considersblaqnantity  of  i 


heterogeneous  parts  that  were  suspended  in  addgas,  which  is  disengaged  during  the 

the  wines  by  this  motion,  and  render  it  mud-  fined  fermentatioD  that  t^  wine  has 

dy,  are  repented  and  form  a  sediment  called  gone  in  dore  vasads. .   Iliis  aur  notheving 

the  lees ;  after  whidi  the  wine  becomes  dear :  opportunity  of  eicapii^  and  of  being 

but  though  the  operation  is  then  considered  patod  as  frat  as  |t  is  di^eogi^ge^  and 
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interposed  betwixt  all  the  parte  of  the  wine, 
combines  in  some  measnre  with  them,  and 
adiMree  in  the  same  manner  as  it  does  lo  cer- 
tain mineral  waters,  in  which  It  produces 
nearly  4he  same  effects.  When  this  air  is  on- 
tiraly^  disengi^^  from  these  wines,  they  no 
io^fpec  qpariUe^  they  lose  thev  piquab^  of 
taste,  become  mild,  and  even  almost  insipid. 

Such  are  the  qualities  that  wineaoquins  in 
time»  when  its  &st  iennentalion  has  not  con- 
tinued sufficiently  long.  Theae  qualities  are 
given  puspesely  to  certain  kinds  of  wine^  to 
indulge  taste  or  caprice ;  but  audi  wines  ase 
supposecl  to  be  unfit  for  daily  use.  Wines 
lor  daily  use  ought  to  have  undergone  so 
completely  the  sensible  fermentation,  that  the 
succeeding  lennentation  shall  be  insensible^ 
or  at  least  exceedingly  little  peweived.  Wine, 
MB  which  the  first  fermentation  has  been  too 
iar  advanced,  is  liable  to  worse  inconvenies- 
cies  than  that  in  which  the  fimt  fermentation 
has  been  too  quickly  suppressed;  ibr  evefy 
feimentable  liquor  is  fimn  its  nature  in  a 
continual  intestinemotion,  more  or  less  strong 
aocording  to  eirownstanees,  -from  the  first  in- 
atant  of  the  spirituous  fermentation  till  it  is 
completely  purified:  -faenos^  from  the  time 
of  the  completion  of  the  spirituous  fermenta- 
tion, or  even  befors^  the  wine  begins  to  un- 
deigo  the  add  or  acetous  fermentation.  Tins 
acid  fennentation  is  very  slow  and  insensible, 
wben  the  wine  is  included  in  very  dose 
vpMffil%  and  in  a  cool  place :  but  it  gradually 
advances,  so  that  in  a  certain  time  the  wine, 
ioatead  of  being  improved,  becomes  at  last 
sour.  Thb  evil  cannot  be  remedied}  be- 
caose  the  fennentation  may  advance^  but 
cannot  be  reverted. 

Wine-merchants,  therefore,  wben  their 
wines  become  sour,  can  only  conceal  or  al^ 
socb  this  addity  by  certain  substances,  as  by 
alkalis  and  alkaline  earths.  But  these  sub- 
stances give  to  wine  a  dark  greenish  colour, 
and  a  taste  which,  though  not  add,  is  some- 
what i&agreeable.  Besides,  calcaveous  earths 
accderate  oonsidersbly  the  total  destruction 
and  putrefaction  of  the  wine.  Oxides  of  lead, 
having  the  property  of  forming  with  the  add 
of  vinegar  a  salt  of  an  agreeable  saccharine 
taster  which  does  not  alter  the  o^our  of  the 
wine,  and  which  besides  has  the  advantage  of 
slopping  fermentation  and  putrefiKition,  might 
be  very  well  employed  to  remedy  the  aci&y 
of  wine,  if  lead  and  all  its  preparations  were 
not  pemidous  to  health,  as  they  occasion 
most  tenrible  colics,  and  even  death,  when 
taken  intemdly.  We  cannot  believe  that 
any  wine-merchant,  knowing  the  evil  conse- 
quences of  lead,  should,  for  the  sake  of  gain, 
employ  it  for  the  purpose  mentioned ;  but  if 
there  be  any  such  pcr8ons»  they  must  be  con- 
sidered as  the  poisonets  and  murderers  of  the 
public.  At  Alicant,  where  very  sweet  vrines 
are  made^  it  is  the  prsotioe  io  mix  a  little 
Jime  with  ttie  grapes  before. they  are  premed. 


Tfai%  however,  can  only  neutndise  the  add 
fOready  existing  in  the  grape. 

If  wine  contdn  litharge,  or  any  other  oxide 
of  leod^  it  may  be  discovovd  by  tmnsmittiitg 
through  a  portion  of  it,  in  a  wos^^lass,  a 
current  of  sulphuretted  hydrogen  gas,  which 
will  oftise  a  glistening  black  predpitate  of 
sulphnret  of  lead. 

From  what  is  here  said  concerning  the 
acescency  of  wine,  we  may  conchide,  that 
when  this  acddent  happens,  it  cannot  by  any 
good  method  be  remedied,  and  that  ncihing 
renuiins  to  be  done  with  sour  wine  but  to  seU 
it  to  vinegar  makers,  as  all  honest  vrine- 
merchants  do. 

As  liie  must  of  the  grape  contains  a  greater 
proportion  of  tartar  then  our  currant  and 
gooseberry  juices  do*  I  have  been  accustomed, 
for  many  years,  to  recommend  in  my  lectures 
the  addition  of  a  small  portion  of  that  salt  to 
onr  sua/,  to  make  it  ferment  into  a  more 
genuine  wine.  Dr  M*Culloch  has  latdy  pie- 
scribed  the  same  addition  in  his  popular  trsa- 
tise  on  tiie  art  of  making  wine* 

The  following  is  Mr  Brando's  valuable 

taUe.  of  the  quantity  of  spirit  in  different 

kinds  of  wine :— - 

Froportton  of 
mink  per  oqit 
l^mcMurt. 

1.  Lissa,  -  -  26.47 
'     Ditto              -              -  24.35 

Average,         25.41 

2.  Raisin  wine,  -  -    26.40 

Ditto         .  -  25.77 

Ditto  -  -  2a20 

Avenge^  25.12 

&  Marsala,  -  -  26.  3 

Ditto  -  -  25.  5 

Average,  25.  9 

4.  Maddra,  -  -  24.42 

Ditto          -  -  23.93 

Ditto  (Siidal)  -  21.40 

Ditto            -  -  19.41 

Average,  22.27 

5.  Currant  wine,  -  -        20.55 

6.  Sherry,  -  -  19.81 
Ditto  -  -  19.83 
Ditto  -  -  1&79 
Ditto              -  -  18.25 

Average,  19. 17 

7.  Teneriffe^  -  -  19.79 
a  Colares,  -  -  19.75 
9.  Lacbryma  Christi,             -  19.70 

la  Constantia,  white,  -  19.75 

11.  Ditto       red,  -  ia92 

12.  Lisbon,  -  -  18.94 
la  Mdaga,  (1666),            -  ia94^ 

14.  Bucellas,  -  -  ia49 

15.  Red  Madeira,        -  -      22.30 

Ditto  -  -  18.40 

Avenge^  20.35 

16.  Cape  Muschat,         -         -  ia25 

17.  Cape  Madeira,  -  22.94 

Ditto  -  -         20.50 

Ditto  -  -        laii 

Average,        20.51 


wo  AD. 


1&  GnyewiBcv 

laii 

19L  Ca^asfdlM, 

18.20 

Ditto 

laio 

Avwige» 

ia66 

flO.  Vidonia, 

111.25 

21.  AnMiFkNra» 

17.26 

22.  Blidag% 

17.26 

23.  White  Hflnmtag^ 

17.43 

24.  RovflUoD, 

19.00 

Ditto 

17.26 

ATenge, 

iai3 

96.  CImt, 

17.11 

Ditto 

ia32 

Ditto 

14.06 

Ditto 

12.91 

Arenge, 

16.10 

20.  Malmiey  Madeira, 

16.40 

27.  Landy 

16.62 

2a  Sberaai, 

16.62 

80.  SjncuMf             "•             - 

15.28 

30.  fiMitcrne, 

14.22 

31.  Burgundy, 

ia60 

Ditto 

16.22 

Ditto 

14.63 

Ditto 

11.95 

Avenge^ 

14.67 

32.  Hock, 

14.37 

Ditto 

laoo 

Ditto  (old  in  cask) 

8.88 

Average^ 

12.06 

38.  Nice, 

14^63 

34.  Banac, 

ia86 

36.  Tent, 

laao 

36»  Champagne^  (still) 

laeo 

Ditto,  (sparkling) 

12L60 

Ditto  (red) 

12.66 

Ditto  (ditto) 

11.30 

Average^ 

12.61 

37.  Red  Hermitage^ 

12.32 

38.  Vin  de  Grave^ 

ia94 

Dittos 

12.80 

Average^ 

ia37 

39.  FVontignac, 

12.79 

40.  Cote  Rotie, 

12.32 

41.  Gooseberry  wine^ 

11.84 

4/SL  Orange  wine,— ayerage  of  six 

samples  made  by  a  London 

manufiictiuer. 

11.26 

43.  Tokay, 

9.88 

44.  Elder  wine, 

9.87 

45.  Cider,  highest  avenge^ 

9.87 

Ditto,  lowest  ditto, 

6.21 

46.  Perry,  average  of  four  samples, 

7.26 

47.  Mead, 

7.32 

4a.  Ale  (Burton) 

a88 

Ditto  (Edinburgh) 

6.20 

Ditto  (Dorchester) 

6.56 

Average, 

6.87 

40.  Brown  stout, 

a80 

60.  London  Porter,  (avenge) 

61.  Ditto  smaU  beer,  (ditt<0 

4.20 

1.28 

62.  Brandy, 

6ad9 

68.  Rum, 

6a68 

of 
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66l  Ifisb  dHto^ 

WINE  (OIL  OF). 

WITHERITE. 
See  Heatt  Spam. 

WO  AD,  Isatis,  daaUmi,  is  m 
grows  wild  in  aome  parts  of  Fknaec^ 
theooastoftfaeBkhicSca.    Tbewild 
and  that  whidi  is  cultivated  fiir  the 
the  dyers,  appear  to  be  the 
plant. 

The  pwparalion  of  wood  for  dyeing 
practised  in  FVsnoe,  is  mmntdy 
by  Astmc,  in  bis  Memoarm  for  m  M 
History  of  Languedoe.— The 
Ibrth  aC  iist  five  or  six  upright 
a  foot  long  and  six  inches  broad : 
hang  downwards,  and  torn  yeOov,  tkcy  ssc 
lit  for  gatlicriag ;  £m  craps  ara  gadHPsd  m 
one  year.  Hie  leaves  are  earned  directly  to 
a  miO,  much  icaembiing  the  oil  or 
and  groond  into  a  sasooth  paste  If 
procsai  were  deforred  for  some 
would  putrefy,  and  send  forth  an 
able  stench.  Hie  paste  is  kid  in 
pressed  dose  and  smooth,  and  the  hiarlish 
crust,  which  forms  on  the  outside^  leuuilsd 
if  it  happen  to  crad::  if  this  were  n^ 
glected,  little  vrorms  would  be  prodisced  in 
the  cracfci^  and  the  woad  would  lose  part  of 
Its  strength.  After  lying  for  fiAeen  d^jps, 
the  heaps  are  opened,  the  crust  rabhed  and 
■sized  with  the  inside^  and  the  matter 
ad  into  oval  balk,  which  sso 
and  solid  in  wooden  nwrnMi 
dried  upon  hurdles:  in  liie  ami  thcj  turn 
black  on  the  outside^  in  a  close  place  yel- 
lowish, eqiedally  if  the  weather  be 
Hie  dealers  in  this  commodity 
fint,  though  it  is  said  the  wotkmea 
no  considerable  difference  between  too 
The  good  baUs  are  distinguished  by 
being  weighty,  of  a  pretty  agreeable 
and,  when  rubbed,  of  a  violet  colour 
in. 

For  the  use  of  the  dyer,  these  balb  ro- 
quire  a  forther  preparalfcm :  they  are  beaaea 
with  wooden  mallets,  on  a  biick  or  stone 
floor,  into  a  grass  powder,  which  is  heaynd 
up  in  the  middle  of  the  room  to  the  hcMt 
of  four  foet,  a  space  being  left  for  paaHv 
round  the  sides.  The  powder  moistened 
with  water  ferments^  grows  hot»  and  throws 
out  a  thick  fetid  fume.  It 
backward  and  forward,  and  moislencd 
day  for  twdve  days ;  after  which  it  is  stirred 
less  frequently,  witfiout  watering  and  at 
length  nude  into  a  heap  for  the  dyer. 

Hie  powder  thus  prepared  givea  only 
brownish  unctures  of  different  shndas  to 
water,  to  alcohol,  to  ammonia,  and  to  fixed 
alkaliqe  lixivia ;  rubbed  on  p^ier,  it 
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nmmcfttM  a  green  itain.  On  diluting  the 
powder  with  boiling  water,  and,  after  stand- 
ing for  some  hours  in  a  dose  Tessel,  adding 
about  on»>twentieth  its  weight  of  lime  newly 
slacked,  digesting  in  a  gentle  warmth,  and 
stirring  the  whole  together  every  three  or 
four  hours,  a  new  fermentation  begins;  a 
blue  froth  rises  to  the  surftce,  and  the  li- 
quor, though  it  appears  itself  of  a  reddish 
colour,  dyes  woollen  of  a  green;  which, 
like  the  green  firom  indigo,  changes  in  the 
air  to  a  blue.  Hiis  is  one  of  the  nicest 
processes  in  the  art  of  dyeings  and  does  not 
well  succeed  in  the  way  of  a  small  experi- 
ment 

WOLLASTONITE.  A  mineral  found 
in  small  masses^  of  a  brownish  tinge  exter- 
nally, transparent  and  colourless  internally, 
or  of  a  flesh  colour ;  highly  cr3rstalllne.  It 
seems  to  be  a  tabular  spar,  from  the  mea- 
surements by  the  reflectiTe  goniometer  of  its 
mechanical  divisions.  A  more  dbtinctive 
mineral  honour  should  be  iq>propriated  to  Dr 
Wollaston. 

WOOD  (OPAL).     See  Opal. 

WOOD  (ROCK).  Ihe  ligniform  as- 
bcstus. 


WOODSTONE.  Asub-qiecieaofhor»- 
stone. 

WOOD-TIN.     See  Oeeb  of  Tm. 

WOOL.     See  AfnsNinx. 

WOOTZ.  A  natural  steel  diiectly  ob- 
tained  by  the  natives  from  the  reduction  of  a 
pure  magnetic  iron  ore  in  the  East  Indies ; 
but  the  metal  is  in  general  far  from  homo- 
geneous. Those  ingots  which  are  so^  fur- 
nish steel  instruments  of  excellent  quality. 

WORARL  A  deadly  poison  extiacted 
from  a  plant  called  mavacuri  by  the  South 
American  Indians.  It  appears  to  be  a  spe- 
des  of  palm.  "Die  bark  of  it  is  peeled  or 
scraped  off,  and  bruised  well  in  a  mortar. 
Water  is  then  drained  through  it  over  cot- 
ton. Hiis  infusion  is  put  into  an  earthen 
pot,  and  boiled  down  to  a  proper  consistence. 
The  operation  of  this  poison  on  the  animal 
frame  is  most  mysterious.  It  extinguishes 
the  vital  spark  without  a  pang  or  struggle. 
The  animal  under  its  influence  sinks  as  if  by 
profuse  bleeding,  and  swoons  away  out  of 
being. 

WORT.  See  Beer,  Dutillation,  and 
Febmbntation. 

WOLFRAM.    See  Ores  of  Tonmtbn. 


X 


XANTHIC   ACID.     See  Acm  (Hy- 

DAOXANTHIC). 

XANTHIC   OXIDE.      A  spedes  of 

urinary  calculus.   See  Calculus  (Ubinaey.) 

XANTHOGEN.     A  compound  of  sul- 


phur and  carbon,  which  forms  a  double 
radical,  analogous  in  state  of  combination  to 
cyanogen,  which,  with  hydrogen,  forms  an 
add  caUed  the  Jfydroxantkie  ;  which  see^  as 
also  the  sequd  of  Acm  (Sulfhocyamic). 


YANOLITE.     Axinite. 

YEAST.  See  Febjcbktation,  and 
Bbead. 

YELLOW  EARTH.  Colour  ochra- 
yellow ;  massive ;  dull ;  fracture  slaty  or 
earthy  ;  streak  somewhat  shining ;  opaque ; 
soils  sightly ;  soft ;  easily  frangible ;  adheres 
to  the  tongue ;  feels  rstfier  greasy ;  sp.  gr. 
8.24:  before  the  blowpipe  it  is  converted 
into  a  black  and  shining  enameL  Its  con- 
stituents are,  silica  98,  alumina  2;  lime  3, 
iron  3,^Merat'GmUoi.  It  is  flrand  at 
Wehraw  in  Upper  Lusatia,  where  it  is  asso- 
ciated with  clay  and  day-ironstone.  When 
burnt,  it  is  sold  by  the  Dutch  as  a  pigment 
under  the  name  of  English  red.  It  was 
used  as  a  yellow  paint  by  the  andents. 

YENITE.     Lievrite. 

YTTRI  A.  This  is  a  new  earth  discover- 
ed in  1794  by  Professor  Gadolin,  in  a  stone 
from  Ytterby  in  Sweden.     See  Gadolinite. 

It  may  be  obtained  most  readily  by  fusing 
the  gadolinite  with  two  parts  of  caustic  pot- 
ash, washing  the  mass  with  boiling  water,  and 
filtering  the  liquor,  which  is  of  a  fine  green. 


This  liquor  is  to  be  evapomted  till  no  mors 
oxide  of  manganese  falls  down  from  it  in  a 
black  powder ;  after  which  the  liquid  is  to  be 
saturated  with  nitric  add.  At  the  same 
time  digest  the  sediment,  that  was  not  dis- 
solved, in  very  dilute  nitric  add,  which  will 
dissolve  the  earth  with  much  heat,  leaving  the 
ailex  and  the  highly  oxided  iron  undissolved. 
Mix  the  two  liquors,  evaporste  them  to  diy- 
ness,  redissolve^  and  filter,  which  will  sepa- 
rate any  silex  or  oxide  of  iron  that  naay  have 
been  1^  A  few  drops  of  a  solution  of  car- 
bonate of  potash  will  separate  any  lime  that 
may  be  present,  and  a  cautious  addition  of 
bydrosulphuret  of  potash  will  throw  down  the 
oxide  of  manganese  that  may  have  been  left; 
but  if  too  much  be  employed,  it  will  throw 
down  the  yttria  likewise.  Lastly,  the  yttria 
is  to  be  predpitated  by  pure  ammonia,  well 
washed,  and  dried. 

Yttria  is  perfectly  whiter  when  not  con- 
taminated with  oxide  of  manganese,  from 
which  it  is  not  easily  freed.  Ito  spedfic 
gravity  is  4^842.  It  has  ndther  taste  nor 
smelL     It  is  inftjsible  alone ;  but  with  borax 
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into  m  tniM|iiirpnt  ^bm,  or  opaque 
white  if  tbe  borax  W9n  in  ezoeas.  It  b  io- 
folublc  in  water,  and  in  cauitic  fixed  alkalis ; 
but  it  dinolTeB  in  carbonate  of  ammonia, 
though  it  fe^nines  fi^e  or  ux  times  as  mudi 
as  gfaicnie.  It  is  soluble  in  most  of  the 
ma&^'  Ibeosalieaeid^  or  oxalate  of  smmo- 
on,  fiirms  precipitates  in  ite  solutions  perfect* 
}f  resembling  the  nmriate  of  ailrer.  Kma- 
siate  of  potMh»  cryMalliaed  and  rediasolved 
an  water,  throws  it  down  in  white  grains; 
phosphate  of  soda,  in  white  gektinous  flakes ; 
infiiflion  of  galls,  in  brown  flocks^ 

When  y ttria  is  treslcd  with  4)otasgum  in 
the  same  manneras  the  other  eardis,  amilar 
sasulto  are  obtained ;  the  potassiimi  becomes 
potash,  and  the  earth  gains  appearances  of 
metallisation.  Acoofding  to  Klapioth,  55 
{Mrts  of  yttria  combine  with  18  parts  of  car- 
bonic add ;  eonseqaentiy,  if  it  be  supposed 
that  the  carbonate  of  yttria  consists  of  one 
I«ime  proportion  of  earth  and  one  of  add, 
its  pnme  equivalent  will  be  &403,  and  that 
of  its  metallic  basis  probably  7.4.  The  salte 
of  yttria  hare  the  following  general  charac- 
ters:— 

1.  Many  of  them  mr9  insoluble  in  water. 

2.  Predpitates  are  occasioned  in  those 
which  dissolye^  by  phosphate  of  soda,  car- 
bonate of  soda,  oxalate  of  ammonia,  tartrate 
of  potash,  and  ferroprussiate  of  potash. 

3.  If  we  except  the  sweet-tasted  saiuble 
sulphate  of  yttria,  tbe  other  salto  of  this  earth 
retemble  those  mth  base  of  ilme  in  their  so- 
lubility.    See  Sai.TS. 


YTTRIUM  has  been  lately  procmned  ky 
M.  Wdhlcr  bry  a  procem  diOBlar  to  <imk  c» 
ployed  far  ohteining  ghicinaaB.  ite 
is  sosly;  ita  cokmr  gvey-falack,  and 
perfectly  metallic:  this  scaly  tcxtnre 
guishcB  it  Irani  aluminum  aad  gli 
In  bffigfatnemofoolonr  and  metallic 
is  inferior  to  alnnannm;  their 
these  respects  beiiy  as  iron  to  tin. 
nom  appears  to  be  a  dudile 
3Fttrium  a  brittle  one:  the  latter, 
teinperatm  es^  ■  not  oxidised 
water,  but  when  heated  to  i 
with  splendour,  and  becomes  yttiisu 
oxygen  gas  the  combustion  is  of  the 
brilliant  kind.  The  resulting  yttria  is 
and  shews  evident  marks  of  fusion.  Tttiinm 
dlasolves  in  snlphuric  add,  lem  iriafflj  in  a 
aolution  of  potash ;  ammonia  does 
it.  It  combines  with  sulphur, 
phosphoms."— ^im.  de  CUmu  ef  de 
xxxix.  77. 

YTTROuTANTALITE.      An   or  of 
Tantalum. 

YTTRO-CERITE.  Colours  i«d£di  and 
greyish-white,  and  violet  blue  ;  masaisie,  and 
in  crusts;  cleavage  indistinct ;  opaque  ;  jicU 
to  the  knife ;  scratches  fluor ;  sp.  gr.  ^447. 
Its  constituents  are,  oxide  of  cerium  I3Ll5^ 
yttria  14w^  lime  47.77,  fluoric  add  24.45.— 
BerxeUus.  It  has  hitherto  been  found  only 
at  Finbo^  near  Fafalun  in  Sweden,  imbedded 
in  quarts,  or  incrusting  pyrophyaaliteb. 


Z 


Z  AFFRE,  OB  SAFFRE,  is  the  residuum 
of  cobalt,  after  the  sulphur,  arsenic,  and  other 
volatile  matters  of  this  mineral  have  been  ex- 
pelled by  calcination. 

The  saflTfe  that  is  commonly  sold,  and 
which  comes  from  Saxony,  is  a  mixture  of 
oxide  of  cobalt  with  some  vitrifiable  earth. 
It  is  of  a  grey  colour. 

ZANTUOPICRITE.  The  name  given 
by  MM.  Cbevallier  and  G.  Pelletan  to  aoyt- 
taUine  subMance,  which  they  extracted  finom 
the  bark  of  the  Zantfaoxihmi  of  the  Garibbee 
iilsnds^-  journal  dr  Ckim,  Med. 

ZEAGONITE.     Abrastte. 

ZEINE.  The  sdne  of  John  Gorham  is 
obtained  from  maise  of  Indian  com,  hy  in- 
fusing it  in  water,  filterinf^  and  trsating  with 
alcohol  the  matter  insoluble  in  the  former 
liquid,  and  evaporating  the  alcoholic  sohxticni. 
We  thus  obtsin  a  yellow  substance  having 
the  appearance  of  wax;  it  is  soft,  ductile 
tough,  elastic,  insipid,  nearly  void  of  smell, 
and  denser  than  water.  It  a£fbrds  no  am- 
monia on  decomposition  by  heat;  though  it 
approaches  in  its  natore  to  gluten. 

ZI^OLITE.     The  name  of  a  very  exten- 


sive mineFsl  genta,  containing  the 
spedcs  :<^1 .  Dodecabedral  aeolite  o 
2.  hexahedral  zeolite  or  analdme ;  SL 
boidal  zeolite,  chabasite,  or  cfaabasie;  4.  py- 
ramidal zeolite,  or  cros»>8tone ;  5.dipriamaik 
aeolite,  or  laumonite ;  6.  prismatic  aeoGte,  er 
mesotypc^  divided  into  three  snh  Tprrif  s,  ■ 
flfarous  aeolite,  natn^le,  and  mealy  aeolite; 

7.  piismateidal  .seoUte,  or  stilbite,  oompve- 
bendiiig  fixated  aeolite  and  radiated 

8.  axifrangible  seolite^  or  apophyllite. 
f<^lowing  belong  to  tUs  place  :•«• 
.    IS.  Prismatic  zeolite  or  aieso^fie. 

$  1.  Fikrotu  xeoHte,  of  which  there 
kinds;  the  adcular  or  needle  aeolite^  and 
common  fibrous  seolite. 

a,  Adcular  or  needle  xeoUte^  the  mesotyf 
of  Haiiy.  Colours  greyish,  yellowish^  or  red- 
dish-white ;  massive,  in  distinct  concaelions, 
and  crystellised :  primitive  form,  a  prism  of 
OPSS';  the  following  are  secoadaryfigara, 
•—an  adcular  rectangular  four-sided  priaqm 
very  flatly  acuminated  with  four  planes  stt 
on  the  lateral  planes ;  sometimes  two  of  the 
acuminating  pbuies  dinsppear,  when  there  is 
fotined  an  acute  bevelment,  or  tbe  prtam  b 
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■MtMtfaDM  thittcited  Mk  the  edgW}  lateral 
pkneii  kingittwIinftUy  streaked;  ihining^  i»- 
dining  to  pearly ;  cleavage  twolbld;  fracture 
small  grained  uneren ;  fragmenta  spUntery ; 
transbiccnt;  refincta  doable;  as  hard  as  apa- 
tite; brittle;  sp.  gr.  2.0  to  2. a  It  inti>- 
Ataces  before  theliLDNrpipa,  and  forms  a  jelly 
with  ackb.  It  becomes  elastic  by  heating, 
and  retains  this  property  sobm  time  after  it 
bas  cooled.  The  free  eztremity  of  the  crya- 
tal  with  the  acnmination,  shows  positive,  the 
attachod  end,  negative  dectridty.  Its  con- 
iCituenls  arey  siHos  50.24s  alumina  29*3,  lime 
fi»4f6,  water  lO^^^VauqueUn*  It  occurs  in 
aecondary  tiap-rodts,  as  in  basalt,  greenstone^ 
and  amygdaloid.  It  is  found  near  the  village 
of  Old  Kilpatrick»  Dumbartonshire ;  in  Ayiw 
shirQ  and  Perthshire,  always  in  trap  rocks ;  in 
IcebuuV  *ncl  in  the  Faroe  Islands. 

b.  Common  fibrous  xeoiUe,^  Colour  white ; 
masave^  in  distinct  concretions,  and  in  cafnU 
lary  crystals ;  glimmering,  pearly ;  fingments 
apbntcry;  faintly  translucent;  hardness  as 
bafore;  rather  brittle;  sp.  gr.  2.16  to  2.2: 
cbeaucal  characters  and  situations  as  abovew 
Its.  constituents  are^  silica  49,  alumina  27, 
soda  I7y  water  9.5,^^Smilh*on> 

§  2.  MetUy  ttoUte*  Colour  white,  of  vaii- 
ous  shades ;  massive^  imitative,  in  a  crust,  or 
in  delicate  fibrous  concretions ;  fieebly  gHm- 
mcijng;  ftacture  coarse  earthy;  opaque;  the 
mass  is  soft,  but  the  minute  parts  as  hard  as 
the  preceding ;  sectile ;  most  easily  frangible ; 
does  not  adhere  to  the  tongue ;  feels  meagre ; 
aoipeliaaes  so  light  as  nearly  to  fioat  on  water ; 
it  iDtu«csces>  and  gelatinisca  as  the  preced- 
ing. Its  cooatitu«ita  are,  silica  60,  sJumina 
I5i6,  lime  St  oxide  of  iron  1.8^  loss  by  ez- 
poeura  to  beat,  1  \S*^Siuin§er*  It  occun 
like  the  others.  It  is  found  near  Tantallon- 
castle  in  East  Lothian,  and  in  the  islands  of 
Skye^  Mull,  and  Canna. 

7.  FHimahidal  zeolite,  or  MiUbite.  Of  this 
there  are  two  sub-spedea;  the  foliated  and 
ra^ated. 

$  1.  FoUaied  aeoUte,  the  stillnte  of  Haiiy. 
C<jour  whiter  of  various  shades;  massive, 
disseminated,  imitative  in  distinct  granular 
concretions,  and  crystallised :  primitive  form, 
a  prism  of  99^  22^;  secondary  forms  are,  a 
low  oblique  four-tided  prism,  variously  trun- 
cated; a  low  equiangular  six-sided  prism; 
#nd  an  eight-sided  prism,  from  truncation  af 
all  t^  edges  of  the  four-sided  prism ;  lateral 
planes  transversely  streaked ;  shim'ng^  Pearly ; 
cleavi^  single ;  fracture  oonchoidd ;  trans- 
lucent ;  refracts,single ;  as  hard  as  calcareous 
spar ;  brittle;  sp.  gr.  2  to  2^2 :  it  intumesces 
and  phosphoresces  before  the  blowpipe,  but 
does  not  form  a  jelly  with  adds.  Its  con- 
stituents are,  silica  62.6,  dumina  17.5,  lime 
9,  water  10, 5,-^  VauqueUn,  It  occun  prin- 
dpally  in  secondary  amygdaloid,  dther  in 
drusy  cavities  or  in  cpntemporaneous  ydns. 
It  is  also  met  with  in  primitive  and  trendtion 


mauntalaai  V«ry  heaulifiilspeciAictkaaif  the 
red  foliated  and  radiated  seolites  are  found  at 
Caibedi  in  Stirlingshire^  and  at  Lock  Hunir 
idnrey  in  iHunbartonshiTs ;  alao  in  the  secoiv 
dary  trap  rocks  of  the  Hebrides,  as  of  Skyt^ 
Canna,  and  Mull;  and  in  the  north  of  Ire- 
land. 

§  2.  Radiated  xeoUte.  Stilbite  of  Haiiy. 
Colours  ydlowish'-white  and  greyisb. white ; 
BoassiTC,  in  angular  pieces,  in  prismatif  and 
granular  concretions^  and  crystallised  in  a  je<^ 
tangular  four-sided  prism*  varioudy  modified 
by  acuminationa;  shining,  pearly;  translu- 
cent; hardness  and  cbeaciicd  characters  aa 
above;  brittle;  sp.  gr.  2.14.  Its  eoustitiif- 
cnts  are,  silica  44).^  dumina  39.09,  lime 
10.95,  water  16.5.— Afc>yer.  Its  dtuationa 
are  as  the  preceding.— Jbrneson. 

ZERO.  The  commencement  of.  a  scalb 
marked  O.  Tbua  we  say  the  sero  of  Fah- 
renhdt,  which  is  329  bdow  the  melting  pdnt 
of  ice ;  the  sero  of  the  centigrade  scale,  which 
coinddcs  with  the  freeiing  of  water.  The 
absolute  zero»  is  the  imaginary  pdnt  in  the 
scde  of  temperature,  when  the  whole  heat  is 
exhausted ;  the  term  of  absolute  cold,  or  pri- 
vation of  odoric.     See  Calouc. 

ZIMOME.  The  gluten  of  wheat,  trea^ 
ed  by  dcohd,  is  reduced  to  the  third  part  of 
its  bulk,  liiis  diminution  is  owing,  not 
merdy  to  the  loss  of  gliadinc^  but  likewise  to 
that  ii  water.  The  residue  is  zimome»  which 
may  be  obcdned  pure  by  boiling  it  repeatedly 
in  alcohol,  or  by  digesting  it  in  repeated  por- 
tions of  that  liquid  cold,  till  it  no  longer  gives 
out  any  gliadine.     See  GUADINS. 

Zimome  thus  purified  baa  the  form  of  small 
globules,  or  constitutes  a  shapdesa  massb 
which  is  hard,  tough,  destitute  of  cobesiotty 
and  of  an  ash-white  colour.  When  washed 
in  water,  it  reoovera  part  of  its  viscodty,  and 
becomes  quickly  brown  when  left  in  contae t 
ef  the  dr.  It  is  specificdly  heavier  than  wih 
ter.  Its  mode  of  fermenting  is  no  longer  that 
.  of  gluten ;  for  when  it  putrefies  it  exhdes  a 
fetid  urinoua  odour.  It  dissdves  completely 
in  vinegar,  and  in  the  miocrd  adds  at  a  boil- 
ing temperature.  With  caustic  potash  it  com- 
bine^ and  forma  a  kind  of  soapw  When  put 
into  lime  water,  or  into  the  solutions  of  the 
alkaline  carbonates,  it  becomes  harder,  and 
assumes  a  new  appearance  without  dissdving. 
When  thrown  upon  red-hot  coals,  it  exhdes 
an  odour  similar  to  that  of  burning  hair  or 
hooft,  and  bums  vritii  flame. 

Zimome  is  to  be  found  in  sercrd  parts  of 
vegetables.  It  producea  various  kinds  of  fer- 
mentation, according  to  the  nature  of  the  sub- 
stance with  which  it  comes  in  contact. 

ZINC  is  a  metd  of  a  bluish-white  colour, 
somewhat  brighter  than  lead ;  of  considerable 
hardness,  and  so  mdleable  as  not  to  be  broken 
with  the  hammer,  though  it  cannot  be  much 
extended  in  this  way.  It  is  very  easily  ex- 
tended by  the  rollers  of  the  flatting  milL    Its 
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'gp.  gr.  Is  fWnn  6.9  to  7.8.  In  a  temperature 
between  210^  and  300^  of  F.,  it  has  io  much 
ductility  that  it  can  be  diawn  into  wire,  as 
well  as  laminated,  for  which  a  patent  bas  been 
obtained  by  Messrs  Hobson  and  Sylvester 
of  Sheffield.  The  sine  thus  annealed  and 
wrought  retains  the  malleability  it  bad  ac- 
quired. 

'When  broken  by  bending,  its  texture  ap- 
pears as  if  LMnw|iBSf(l  of  cubical  grsins.  On 
account  of  its  imperftct  maHwbiMty,  it  is  dif- 
ficult to  reduce  it  into  small  parts  by  filmg^or 
hammering ;  but  it  may  be  gnnulaled,  like 
the  malleable  metals,  1^  pouring  it,  when 
fused,  iiito  cold  water ;  or,  if  it  be  heated 
nearly  to  melting,  it  is  then  sufficiently  brittle 
to  be  puWerised. 

It  melts  long  before  ignition,  at  about  the 
700tfa  degree  of  Fahrenheit's  thermometer; 
and,  soon  after  it  becomes  red-hot,  it  bums 
with  a  dazsling  white  flame,  of  a  bluish  or 
yellowish  tinge,  and  is  oxidised  with  such 
rapidity,  that  it  flies  up  in  the  fonn  of  white 
flowers,  called  ihejlowen  of  smet  or  phUot^- 
phical  wool.  Tliese  are  generated  so  plenti- 
fully, that  the  accesi  of  air  is  soon  inter- 
cepted; and  die  combustion  ceases,  unless 
the  matter  be  stirred,  and  a  considenble  heat 
i  kept  up.  The  white  oxide  <d  sine  is  not 
volatile,  but  is  driven  up  merely  by  the  force 
of  the  combustion.  When  it  is  again  urged 
by  a  strong  heat,  it  becomes  converted  into 
a  clear  yellow  glass.  If  zinc  be  heated  in 
closed  vessels,  it  rises  without  decomposition. 

Hie  oxide  of  sine,  according  to  the  experi- 
ments of  MM.  Gay  Lussac  and  Berzelius, 
consists  of  100  metal  4-  2.44  oxygen ;  whence 
•the  prime  equivalent  appears  to  be  .4. 1.  Sir 
H.  Davy  makes  it  4.4  from  his  own  and  his 
brother's  experiments. 

IVhen  sine  is  burned  in  chlorine,  a  solid 
substance  is  formed  of  a  whitish-gprey  colour, 
and  semitnnsparent  This  is  the  only  chlo- 
ride of  sine,  as  there  is  only  one  oxide  of  the 
metal.  It  may  likewise  be  made  by  heating 
together  sine  filings  and  oonosive  sublinutei 
•  It  is  as  soft  as  wax,  fuses  at  a  temperature  a 
little  above  212<*,  and  rises  in  the  gaseous  form 
at  a  heat  much  below  ignition.  Its  taste  is 
intensely  acrid,  and  it  corrodes  the  skin.  It 
acts  upon  water,  and  dissolves  in  it,  produc- 
ing much  heat ;  and  its  solution  decompos- 
ed by  an  alkali,  aflbrds  the  white  hydrated 
oxide  of  sine.  This  chloride  has  been  called 
butter  qf  tdnci  and  muriate  rf  stnc.  FVom 
'  the  experiments  of  Dr  John  Davy,  it  consists 
of  neariy  equal  weights  of  sine  and  chlorine. 
The  equivalent  proportions  appear  to  be,— 
Zinc  4.25  4-  chlorine  4w5. 

Blende  is  the  native  sulphuret  of  sine 
The  two  bodies  are  difficult  to  combine  arti- 
ficially. The  salts  of  sine  possess  the  follow- 
ing general  characters  :•— 

1.  They  generally  yield  colourless  solo- 
-  tions  with  water. 


Si  Fetroprussiate  of  jpotmh, 
ret  of  polash»  hydiiodate  of  potaafa^ 
<etted  hydregei^  and  alkalis^ 
nreQiiitateSk 

a  Infiision  of  gails 
tate. 

Dilute  sulphuric  add  dissolvi 
same  dme  tfant  the  temperature  of 
is  increased,  and  much  hydrogen 
undissolved  residue  is  left,  which  hem 
supposed  to  consist  of  plmbbi^ou 
however,  says^  that  it  b  a  aiiztare  of  i 
leady  ead,  copper.  If  water  be  added^  the 
salt  may  be  dblaiiied  in  fine  prisnwtic  Aar- 
stded  crystals.  The  vAite  ▼itriol,  or  cop- 
peras,  usually  sold,  is  ciystaOiBed  haaliiy,  in 
the  same  manner  as  loaf-sugar,  which  ok 
this  account  it  resembles  in  appeatanee;  H  ii 
slightly  efflorescent.  The  white  oxide  of  nc 
is  soluble  in  the  sulphuric  acid,  and  Ifatms 
the  same  salt  as  is  afforded  by  xfaic  itoeUl 

Sulphate  of  rinc  is  prepmd  in  ilie  kige 
way  from  some  Tarieties  of  the  oalivte  snlphii- 
ret.  The  ore  is  roosted,  wetted  vrith  wMv, 
and  exposed  to  the  air.  Tbesolplnirattinels 
oxygen,  and  is  converted  into  solpbuiic  acid; 
and  the  metal,  being  at  the  same  time  od- 
dised,  combines  with  the  add.  After  some 
time  the  sulphate  is  extracted  by  solntioo  ia 
vrater ;  and  the  solution  being  evaporated  la 
dryneaa,  the  mass  is  mn  into  nMndds.  Thos 
the  white  vitriol  of  the  shops  gcocnily 
tainsasnudl  portion  of  inm^  and 
of  lead. 

Sulphurous  add  dissolves  sinc^  and  aaW 
phuretted  hydrogen  is  evolved.  The  safe- 
tion,  by  exposure  to  the  air,  deposits  needly 
crystals,  which,  according  to  Fonfooj  and 
Vauquelio,  are  sulphuretted  solpfaite  of  sine. 
By  dissolring  oxide  of  sine  in  snlpimians 
add,  the  pure  sulphite  b  obtained.  Tfab 
b  soluble  and  crystallisable. 

Dilute  nitric  add  combinfs  rspidly 
nnc,  and  produces  much  heat,  at  the 

time  that  a  large  quantity  of  nitrous  air 

off.  The  solution  b  very  caustic^  and  aiibeds 
crystab  by  evaporstion  and  cooling  winch 
slightly  detonate  upon  hoc  coob,  and  bare 
oxide  of  zinc  behind.  Thb  salt  b  defiqnes- 
cent 

Muriatic  add  acts  very  strongly  upon  sinc^ 
and  disengages  much  hydrogen ;  the  solotioB, 
when  evaporated,  does  not  afford  crystab^  hot 
becomes  gebtinous.  By  a  strong  beat  it  b 
partly  decomposed,  a  portion  of  Iheadd  bcii^ 
expdled,  and  part  of  the  muriate  subliines  and 
condenses  in  a  congeries  of  prisms. 

Phosphoric  add  dissolves  sine.  The  phos- 
phate does  not  crystallise^  but  becomes  gel»> 
tinous,  and  may  be  ftised  by  a  strong  bea*. 
The  concrete  phosphoric  add  heated  witfa 
sine  filings  b  deoompoeed. 

Fluoric  add  likewiae  diaadves  sine. 

The  boradc  add  digested  with  sine  becomes 
milky ;  and  if  a  solution  of  borax  be  added  to 


ZIRCON.  8S1  ZIRCOMIA. 

a  tohitioii  of  muriate  or  nitrate  of  line,  «i  in*  ZiKOilia»  6a00  70l€0 

soluble  borate  of  sine  is  thnma  down.  Silicay  26.50  25.00 

A  solution  of  caibonic  acid  in  water  d]»>  Oxide  of  woo,    0.50  5.00 

solves  a  smaU  quantity  of  sine,  and  more  rea-  Before  the  blowpipe  it  loses  its  colour,  but 


ICtfaftwlttlioo  be  exposed  to    does  not  melt.    In  the  flsnalpe  in  CarintUa, 
tbe  sir,  a  tbin  iridescent  pelBde ibrma en i»    piisaiiilal  atican  aeeurs  in  a  bed  of  albtte 


surface.  and  of  prismatoidal  augite  spas;,  c^ad 

Acetic  acid  readily  dissolves  sine,  and  yields  site,  in  gneiss.    In  Ceylon,  in  France,  at  Bi- 

by  evaporation  crystals  of  acetate  of  sine,  ibmv-  Un  in  Bohemia,  pyiamidal  sirconocouis  in 

ing  rfaomboidal  or  hexagonal  plates.     These  the  sand  of  rivers ;  it  is  slso  commonly  finind 

aie  not  altered  by  exposure  to  the  air,  are  so-  with  the  native  platina.     Zircon  b  used  as  a 

luble  in  water,  and  bum  with  a  blue  flame.  gem,  but  is  of  no  high  value.     It  is  called 

Oxalic  acid  attacks  sine  with  a  violent  ef-  die  jai^n  of  diamond. 
Ibrrescence,  and  a  white  powder  soon  subsides,         ZIRCONIA  was  first  discovered  in  the 

which  is  oxalate  of  zinc.     If  oxalic  acid  be  jaigon  of  Ceylon  by  Klaproth,  in  1789,  and 

dropped  into  a  solution  of  sulphate,  nitrate^  it  has  since  been  found  in  tbe  jacinth.     To 

or  muriate  of  sine,  the  same  salt  is  precipe  obtain  it,  the  stone  should  be  calcined  and 

tated ;  it  being  scarcely  soluble  in  water,  un-  thrown  into  cold  water,  to  render  it  friable, 

less  an  excess  of  acid  be  present.  and  then  powdered  in  an  agate  mortar.    Mix 

Tartaric  acid  likewise  dissolves  sine  with  the  powder  with  nine  parts  of  pure  potash, 

eSbrvcsoence,  and  fonns  a  salt  difficult  of  and  project  the  mixture  by  spoonfuls  into  a 

solution  in  water.  icd^hot  crucible^  taking  care  that  each  por* 

Citric  add  attacks  sine  with  effervescence,  tion  is  fused  before  an(^er  is  added.    Keep 

and  small  brilliant  crystals  of  citrate  of  sine  the  whole  in  fusion,  with  an  increased  heat, 

are  gradually  deposited,  which  are  insoluble  for  an  hour  and  half.    When  cold,  break  the 

in  water.    Their  taste  is  styptic  and  metallic  crucible^  separate  its  contents^  powder  and 

Malic  acid  dissolves  sine,  and  affords  beau-  boil  in  water,  to  dissolve  the  alkalL     Wash 

tjful  crystals  by  evaporation.  the  insoluUe  part ;  dissolve  in  muriatic  add ; 

Tbe  metallic  adds  likewise  combine  with  heat  the  solution,  that  the  silex  may  ftU  down ; 

sine.  and  precipitate  tbe  sircon  by  caustic  fixed  aU 

Zinc  is  predpitated  from  acids  by  the  solu-  kali.     Or  the  droon  may  be  predpitated  by 

ble  earths  and  the  alkalis :  the  latter  redissolve  carbonate  of  soda,  and  the  carbonic  acid  ex- 

the  predpitate,  if  they  be  added  in  excess.  polled  by  beat. 

Zinc  may  be  combined  with  phosphorus^         New  Proeeatfw  prepeaing  pure  Zirconuu 
by  projecting  small  pieces  of  phosphorus  on         Powder  the  drcons  very  fine^  mix .  them 

tbe  anc  melted  in  a  crucible^  the  sine  being  with  two  parts  of  pure  potssh,  and  heat  them 

covered  with  a  little  resin,  to  prevent  its  oxi-  icd^bot  in  a  silver  crudble,  for  an  hour.    IVeat 

dation.     Fbosphuret  of  sine  is  whiter  with  a  the  substance  obtained  with  ^i«t»llwl  water, 

shade  of  bluish-grey,  has  a  metallic  lustre,  pour  it  on  a  filter,  and  wash  the  insoluble 

and  is  a  little  malleable.  part  well :  it  wiU  be  a  compound  of  sireonia. 

Most  of  the  metallic  combinations  of  sine  silex,  potash,  and  oxide  of  iron.     Dissolve  it 

have  been  already  treated  of.      It  forms  a  in  muriatic  add,  and  evaporate  to  dryness,  to 

brittle  compound  with  antimony ;  and  its  ef*  separate  the  silex.     Redissolve  the  muriates 

fects  on  manganese,  tungsten,  and  molybdena,  of  sirconia  and  iron  in  water ;  and  to  separate 

have  not  yet  been  ascertained.  the  sirconia  which  adheres  to  the  silex,  wash 

An  alloy  of  sine  and  iron  has  been  collect-  it  with  weak  muriatic  add,  and  add  this  to 


ed  by  Mr  Herapath  in  a  sine  manufactory  at  tbe  solution.  Filter  the  fluid,  and  predpitate 
Bristol  It  lined  the  tube  leading  from  the  the  sirconia  and  iron  by  pure  ammonia ;  wash 
retort  It  was  hard  and  brittle,  the  fracture  the  predpitates  well,  and  then  treat  the  by- 
showing  broad  fiicets  like  rinc,  but  of  a  dulU  drales  with  oxalic  add,  boiling  them  weU 
er  grey  colour,  with  surfaces  more  rough  and  together,  that  the  add  may  act  on  the  iron, 
granular.  Its  sp.  gr.  was  7.172.«  It  con-  retaining  it  in  solution,  whilst  an  insoluble 
sisted  of  92.6  rinc  4"  7.4  iron,  in  100.—-  oxalate  of  rirconia  is  formed.  It  is  then  ta 
Fhil.  MagaKitUt  Ixii.  168.  be  filtered,  and  the  oxalate  washed^  until  no 

ZINKENITEL     A  mineral  conristing  of  iron  can  be  detected  in  the  water  that  pnssni 

sulphur  22.58,  lead  31.34^  antimony  44.39,  The  eartby  oxalate  is,  when  dry,  of  an  opa- 

copper  0.42,  ss  99.23b  line  colour.     After  being  well  washed,  it  ia 

ZIRCON.      Fundamental  form,  an  isoa-  to  be  decomposed  by  beat  in  a  i^atinum  cm* 

oeles  four-sded  pyramid;   lustre  ietdaman-  dbl& 

tine;  colours  various;  streak  white;  trana-         Thus  obtained,  the  rirconia  is  perfectly 

parent ;  hardness  7.5 ;  sp.  gr.  4.505.     Zir-  pure,  but  is  not  affected  by  acids.     It  must 

cons  of  the  brightest  colours,  least  inclining  be  reacted  on  by  potash  as  before,  and  then 

to  grey,  are  called  hyacinths.     Zircon  and  washed  until  tbe  alkali  is  removed.     After- 

hyadnth    consist,    according   to    Klaproth,  wards  dissolve  it  in  muriatic  arid,  and  pred* 

of—  pitate  by  ammonia^     The  hydrate  thrown 


ZOISITE. 


ZURLITE. 


down,  when  well  washed,  is  perfectly  pure, 
and  aaaly  soluble  in  acids. — MM-  Dubois 
et  SUveira,  Ann,  de  Ckimie  et  de  Phyt.  ziv. 
110. 

ZiicoaiA  is  a  ine  white  powder,  wicbouft 
taste  or  smell,  biit  somewhat  hassh  to  the 
tovch.  It  is  insoluble  in  water ;  yet  if  slowly 
dried,  it  coalesces  into  a  semitransparent  jbU 
lomsh.  mass,  like  gumF4a«bic,  which  retains 
one-thini  its  weight  of  water.  It  unites  with 
all  the  adds.  It  is  insoluble  in  pure  alkalis, 
but  the  a&aline  caibonal)PS4lisBoWe  it.  Heat* 
ed  with  the  blowpipe  it  does  not  mdt,  but 
emits  a  ydlowish  phosphoric  light.  Bleated 
in  a  crucible  of  charcoal,  bedded  in  charcoal 
powder,  placed  in  a  stone  crucible,  and  ex* 
posed  to  a  good  forge  fire  for  some  hours,  it 
undergoes  a  pasty  fusion,  which  unites  its 
particUs  into  a  grey  opaque  mass,  not  truly 
vitreous,  but  more  resesnbling  porcelain.  In 
this  state  it  is  suiBcientty  hud  to  strike  fire 
with  steel,  and  scratch  glass;  and  is  of  the 
specific  gravity  of  4.3. 

There  is  the  same  evidence  fiar  bdieving 
that  sirconia  is  a  compound  of  a  metal  and 
oxygen,  as  that  aflbrded  by  the  action  of  pot^ 
assiom  on  the  other  earths.  The  alkaline 
metal,  when  brought  into  contact  with  sir* 
conia  ignited  to  whiteness,  is,  for  the  most 
part,,  converted  into  potash ;  and  dark  par* 
tieles,  whidv  when  examined  by  a  magi^» 
ing  glass,  i^pear  metallic  in  some  parts,  of  a 
chocolate-brown  in  others,  are  found  diffused 
through  the  potash  and  the  decompounded 
earth. 

According  to  Sir  li.  Davy,  4.66  is  the 
prime  equivalent  of  urconium  on  the  oxygen 
scale,-  and  5.66  that  of  xiroonia. 

Zirconium  has  been  recently  obtained  by 
M.  BerseHus  by  a  method  exactly  similar  to 
that  for  silidum.  S«fe  Siuceum.  Zirconium 
is  as  black  as  carbon,  does  not  oxidise  in 
vrater  or  in  muriatic  add,  but  nitro-muriatic 
and  fluoric  adds  dissolve  it;  the  but  with 
the  disengagement  of  hydrogen.  At  a  tem» 
perature  but  slightly  etevatai,  it  bums  with 
graat  intensity.  It  combines  with  sulphur. 
Its  sulphuret  is  of  a  chestnut-brown  colour 
like  silidum,  and  insoluble  in  muriatic  add 
or  the  alkalis.  It  bums  with  brilliancy,  pro- 
dudng  sulphurous  acid  gas  and  zircoQia.<— 
Ann,  da  CkimU  ei  de  Phya.  xxvi.  41. 

ZOISITE.  A  sub-spedes  of  prismatoii- 
dal  augite,  which  is  divided  into  two  kinds, 
the  common  and  friable. 

5  1.  ComfMen  xointa.  Colour  yellowish- 
giey;  massive,  in  granular  and  prismatic 
concretions,  and  crystallised  in  very  oblique 
fouT-sided  prisms,  in  which  the  obtuse  latonal 
edges  are  often  rounded,  so  that  the  oystals 
have  a  reed-like  form ;  shining,  or  glistening 
and  resino-pearly;  deavage  double;  ftacture 


small  graiacd  wncven;  feebly  trsailiBceBt; 
as  hard  as  epidota;  very  saaily  ftangiUe; 
sp.  gr.  as :  it  is  affected  by  the  blowpipe^ 
as  epkfeteb  Its  constituents  are^  sifica  43^ 
alumina  29,  lime  91,  oxide  of  iron  3L— 
Xiaftroth,  At  the  Saualpe  in  Carinthia  it  is 
found  imbedded  in  a  bed  of  quarts,  akng 
with  cyanite^  garnet,  and  augite;  or  it  takes 
the  place  of  Idapor  in  a  granular  rod(,  com- 
posed  of  quarts  and  mica.  It  is  found  ia 
Glen-Elg  in  Inverness  shire^  and  in  Shet- 
land. 

^2,  FrmbUxoisiU.  Coloor  reddish-white^ 
which  is  spotted  with  pale  peacb-blossom  red  j 
massive,  and  in  very  fine  loosely  aggrcfpled 
granular  ooncretioas;  feebly  giimmciiiig ; 
fracture  intermediate  between  earthy  sad 
aplintery ;  translucent  on  the  edges ;  semi- 
hard ;  brittle  ;.6p.  gr.  3L3.  lu  conetitneBit 
are,  silica  44,  alumina  32,  lime  20,  oxide  of 
iron  2.S,^jriaprotk.  It  occurs  imbedded  ia 
green  talc,  at  Radelgrsben  In  Gsrinthis. 

ZOOPHYTES  consist  diiefiy  of  three 
ingredients:— I.  An  animal  substance  of 
the  nature  of  coagulated  albumen,  vatyiB|[ 
in  consistency ;  sometimes  being  gdatinoiit 
and  almost  Uquid,  at  others  of  the  conasteocy 
of  cartilage.  8.  Gnrbonateof  lime,  a  Phos- 
phate of  lime. 

In  some  zoophytes  the  animal  matter  h 
very-  scanty,  and  phosphate  of  ligiewanlii^ 
idtogether ;  in  otfiers,  the  animal  metier  ii 
abundant,  and  the  earthy  salt  pure  csrhonate 
of  lime ;  while  in  others  the  ammal  matter 
is  abundant,  and  the  hardening  sslt  a  mix- 
ture of  carbonate  of  lime  and  phosphate  of 
lime;  and  tfiere  is  a  fourth  dass  shnoa 
destitute  of  earthy  salts  altogether.  Tbm 
there  are  four  daases  of  zoophytes :  ^^ 
resemble  porcdlaneons  shdk;  the  second 
resemble  mother-of-peari  shelU;  the  third 
resemble  crasto ;  and  the  fourth  bora.  Sta 
Coral.  . 

Mr  Hatchett  analysed  many  speaes  of 
sponges,  but  found  them  all  ftnuUr  in  their 
composition.  Hie  jpofi^  canceihiatjcU' 
lata,  infundibtJ^brmiSt  palmata,  and  ^Jj^ 
aUs,  may  be  mentioned  as  spedmcns.  Ta^ 
consist  of  gdalin,  which  they  gtadoally  gif« 
out  to  water,  and  a  diin  britUe  meaAnmm 
substance,  which  possesses  the  propertes  of 


coagulated  attmnien. 

ZiJNDERERZ.     Tinder  ore.    An  ore 

of  silver.  . 

ZURLITE.    AminersloccaTringui««- 

angular  prisms  and  in  botroidsl  mssse^  of 

an  asparagus-green  colour.     It  yields  to  tne 

knife,  btttenuts  sparibswitb  steeL    Sp.  r* 

a«74t     Mdts  with  borax  into  a  black  gtoi. 

It  is  found  on  Mount  Vesuvius  with  cslca^ 

reous  spar. 
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APPENDIX. 


TABLE  L-^Dr  WollasioH*»  Ori^nal  Numerical  Table  of  Chemical  Equivalents. 

Dr  WoIlastoii*8  numbefs  represent  the  weights  of  the  atoms  of  bodies, 

oxygen  being  called  ten. 


'      28. 
'       29. 

30. 
31. 
32. 

3a 


3i. 


Hydrogen,             .              -  1.38 
Oxygen,         -            -         -  10.00 
Water,        -            -            .  11.32 
Carbon,        ...  7.54 
Carbonic  acid  (20  oxygen),  27.54 
Salphur,          ...  20.00 
Sulphuric  add  (SO  oxygen),  50.00 
Phosphorus,            -            .  17.40 
Phosphoric  add  t29-Mygea),  37.40 
Asote  or  nitrogen,            -  17.54 
Nitrie  acid  (50  exygen),        -  67.54 
Mliriadc  add,  dry,            -  34. 10 
Oxymuriatic  add  (10  oxygen),  44. 10 
Chlorine  44.10  4.  1.32  hydro- 
gen ^  muriatic  «dd  gas,  45.42 
OxaUcacid,            -            -  47.0 
Ammonia,            -            -  21.5 
Soda,            .            -          .  39.1 
Sodium  (above  —  10  oxygen),  29. 1 
Potash,           .           .           -  59.1 
Potassium  (above  —  1 0  oxygen ),  49. 1 
Magnesia,            -            -  24.6 
Lime,            .          -          -  ^46 
Caldum  (above  —  10  oxygen),  25.46 
Strontia,             -             -  69.00 
Baryta,          ...  97.00 
Iron,          ...  34.50 
Black  oxide  (10  oxygen),       -  44.50 
Red  oxide  (15  oxygen),         -  49.50 
Copper,          .          -          -  40.00 
Black  oxide  (10  oxygen),       -  50.00 
Zinc,           -           -           -  41.00 
Oxide  (10  oxygen),            -  51.00 
Mercury,             -             -  125.50 
Red  oxide*  (10  oxygen),       .  135.50 
Black  oxide  (125.5  mercury),  261.00 
Lead,           -           .          .  129.50 
Litharge  (10  oxygen),         -  139.50 
Silver,          .          -          .  135.00 
Oxide  (10  oxygen),          .  145.00 
Sub-carbonate  of  ammonia,     -  ^9.00 
Bi.carbonate  (27.5  carbonic  add),  76.50 
Sub-carbomite  of  soda,        .  66.60 
Bi.carbonate  (27.5  C.  A.  4- 

ll.Swjftter),          -          -  105,50 

Sub-carbonate  of  potash,       -  86.00 


35. 
36. 
37. 

39. 

40. 

41. 
42. 


4a 

AA, 

45. 
46. 

47. 

4a 
49. 

50. 


51. 
52. 

5a 

54. 
55. 
56. 
57. 

5a 
5a 

60. 
61. 
62. 

oa 

64. 

65. 
66. 
67. 


Bi-carbonate  (27.5  C.  A.  + 

11.3  water), 
Carbonate  of  lime, 
.       baryta, 

lead. 

Sulphuric  acid,  dry. 

Da  sp.  gr.  1.850  (50  +  11.3 

water)r, 
Sulphate  of  soda  (10  water  = 

1  ia2), 
Sulphate  of  potash. 
Sulphate  of  magnesia,  dry. 
Do.  crystallized  (7  water  as 

79.3), 
Sulphate  of  lime,  dry, 
Crvstallized  (2  water  =s  22.64), 
&ilpliate  of  strontia, 
■  ■  bar3rta, 

■       copper  ( 1  acid  +  1 

oxide  ,-4"  5  water), 

-  iron  (7  water), 
— —  zinc  (do.), 
lead. 


Nitric  acid,  dry. 

Nitric  add,  sp.  gr.  1.50  (2  water 

=r  22.64), 
Nitrate  of  soda, 
— ~—  potash, 
.   lime, 

baryta, 
— —  lead. 
Muriate  of  ammonia, 

soda, 
— ^~  potash, 
Oxymuriate  of  do.  (60  oxygen). 
Muriate  of  lime, 
— — .—  baryta, 
-^— ^~  lead, 
^^— ^—  silver, 
— ^—  mercury. 
Sub-muriate  of  do.  (1  add  -f-  ^ 

oxygen  -I-  ^  mercury). 
Phosphate  of  lead, 
Oxalate  of  lead, 
Bin-ozalate  of  potash, 
3G, 


125.  .50 

oaoo 

124.50 

167.00 

5a  00 

61.30 

202.30 

109.10 

74.60 

153.90 
85.50 

loaio 

119.00 
147.00 

156.60 
17a80 
180.20 
189.50 
67.54 

90.20 
106.60 
126.60 

loaoo 

164.50 

207.00 

66.90 

7a20 

9a20 

15a  20 

169.60 

131.00 

17a60 

179.10 

170.10 

29&10 
176.90 
186.50 

i5aoo 
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TJBLSSt  eikibUmg  a  eoOeciive  View  ofoU  the  FrigmifU  liixiura  cmUamdd  m 

Mr  Waiker'»  PubSeatUm,  1806. 

IL— 3Vi&fe,  eonristing  of  FrigotiJU  3iixture$,  having  the  power  of  genaratiMg  or  crtmiimg 
CM,  witkoyi  the  aid  tflct^  mffidenifor  aU  uaefvl  and  pkUoiopkkai  purpotes,  n 
^^  World  at  any  Season. 

Frigorific  Mixtures  witlioat  Ice. 


MIXTURES. 

-n.noaa^^ 

Dy.^coM 

Muriate  of  ammonia             -            5  parts 
Nitrate  of  potash          -          .          5 
Water            -           -           -           16 

Fhim  4- 50O  to  4-  100 

W> 

Muriate  of  ammonia             -            5  parts 
Nitrate  of  potash           .           .           5 
Sulphate  of  soda           .          .          8 
Water            ...           16 

From  4- aO*)  to -1- 4^ 

46 

Nitrate  of  ammonia             -               1  part 
Water            ...            I 

Fh»n  +  50»to4.4o 

46 

Nitrate  of  ammonia             -               1  part 
Carbonate  of  soda          .          .          1 
Water            ...            1 

Fram4-50Pto — ?• 

57 

Sulphate  of  soda          -          -           3  parts 
Diluted  nitric  acid              -              2 

From  +  fiOoto  — 3» 

53 

Sulphate  of  soda          .          .          6  parts 

Nitrate  of  potash             .         .          2 
Diluted  nitric  add         .         .         4 

FVom  +  dOoi*— .100 

GO 

Sulphate  of  soda          .           •          6  parts 
Nitrate  of  ammonia        *         «>        5 
Diluted  nitric  add         .         .         4 

Tiom+S0PtD'^l4fl 

64 

Phosphate  of  soda         .          «          9  parts 
Diluted  nitrio  add         .         .         4 

From+SO^to^lff' 

62 

Phosphate  of  soda         •         .          9  parts 
Nitrate  of  ammonia        ,          .        6 
Diluted  nitric  add         -         .         4 

From  +  SOoto  — Sl<» 

71 

Sulphate  of  soda          -           -          8  parts 
Muriatic  add            .            .            5 

From -1- 600  to  00 

50 

Sulphate  of  soda            -         •          5  parts 
Diluted  sulphuric  add          -            4 

Fkom  4- 50O  to  4- 30 

47 

N.  B.— If  the  materiak  are  mixed  at  a  warmer  temperature  than  that  expressed  in 
Table,  the  effect  will  be  proportionably  greater ;  thus,  if  the  most  powerful  of 
tures  be  made  when  the  air  is  4-  86^,  it  will  sink  the  tfaennometer  to  4-  ^o. 

IIL-^TJBLE  consisting  of  Frigorific  MiixtureSf  composed  of  Ice,  with  Chemical  Saiie 

and  Adds. 
nigorifle  lOztmct  with  l€e. 


VIXTURES. 


ThcuBcwaclCT  riakfc 


D^.  oTooM 


Snow,  or  pounded  ice 
Muriate  of  soda 


2parU 
1 


Snow,  or  pounded  ice 
Muriate  of  soda 
Muriate  of  ammonia 


dparts 

2 

1 


Snow,  or  pounded  ice 
Muriate  of  soda         » 
Muriate  of  ammonia 
Nitrate  of  potash 


24  parts 
10 

5 

5 


Snow,  or  pounded  ice 
Muriate  of  soda 
Nitrate  of  ammonia 


12  parts 
5 
5 


i 

11 

s 

(9< 


to— .6«» 


to— 120 


to— 180 


to  — 250 


9SB 


■ 


i'^ 


TABLE  IIL  Continued, 
Frigorifle  Mixtttioi  with  l€6. 


MIXTUB£a» 

Tlwnnoineter  itDkii 

Di^oToold 
pcoducsd. 

Snow            ...           3  parts 
Diluted  sulphuric  add           -          2 

From +  38°  to  — 23* 

55 

Snow            ...            8  parts 
MuriatiGadd            .            .           5 

Prom+32<>to  — 2r> 

50 

Snow            .            .           «.           7  parts 
Diluted  nitric  add         .         -        4 

From -1- 32<' to  —  30°                 62 

Snow            ...           4  parts 
Muriate  of  lime          .          .           5 

From4.32<'to  — 40O                 72 

Snow            ...           2  parts 
Cryst  muriate  of  lime           .           3 

From -f  32°  to  —  50° 

82 

Snow            ...            3  parts 
Potash            ...          4 

From  4.320  to  — 51° 

83 

N.  B.— -The  reason  for  the  omissions  in  the  last  column  of  this  Table  is,  the  thermometer 
sinking  in  these  mixtures  to  the  degree  mentioned  in  the  preceding  column,  and  never  lowery 
wbaterer  may  be  the  tempemfture  of  the  materials  at  mixing. 

TV.^TJBLE  contUHng  of  Fngqrifle  Mixtures  selected  frvm  the  firegomg  TaNei,  and 
combined  to  at  to  increate  or  extend  Cold  to  the  extremett  Degrees. 

ConblnatioiM  of  Frigoriflc  Mixtures. 


MIXTUKEa 

Ileg.oroold 
produced. 

Phosphate  of  soda         .         .         5  parts 
Nitrate  of  anunonia             -             3 
Diluted  nitric  add         .         .        4 

FromO°to— 340 

34 

Phosphate  of  soda         -         -         3  parts 
Nitrate  of  ammonia            -              2 
Diluted  mixed  adds             -            4 

From  — 340  to  — 50° 

16 

Snow             .             -           -            3  parts 
Diluted  nitric  add          .         .        2 

From  0°  to  — 460 

46 

Snow             ...           8  parts 
Diluted  sulphuric  acid           -          3 
Diluted  nitric  add        .         .         3 

From— 10<»to  — 560 

46 

.  Snow             ...           1  part 
Diluted  sulphuric  add            -          1 

From  — 20°  to  — 60° 

40 

Snow             ...            3  parts 
Muriate  of  lime           .          -          4 

Fhnn  +  20°to  — 480 

68 

Snow            ...             3  parts 
Muriate  of  lime          .           -          4 

From+  lO^to- 54P 

64 

Snow            ...            2  parts 
Muriate  of  lime           -           -           3 

From— 15°  to— 680 

53 

Snow             ...            1  part 
Cryst.  muriate  of  lime          -            2 

From  0°  to  — 66° 

66 

Snow             ...            1  part 
Cryst  muriate  of  Kme            .           3 

From  — 40°  to— 78° 

33 

Snow             ...             8  parts 
Diluted  sulphuric  add          .           10 

From  —  68»  to  —  OP 

23 

N.  B.— The  materials  in  the  ifarst  column  are  to  be  cooled,  previously  to  mixing,  to  the 
temperature  required,  by  mixtorev  taken  from  dther  of  the  preceding  tobies. 
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y.^TABLE  of  Capacities  ofdifftrent  Substances  far  Caloric. 

In  tliis  Table,  the  authorities  are  maiiced  by  the  initiak  of  the  respectiTe  autiion* 

C.  Crawford:   K.  Kirwan :   Ir.  Irvine t  G.  Gadolin:  L.  Laroisiisr:  W.  Wflcke:   M. 
Meyer, 


;1.  I^drogen  gas, 
12.  Oxygen  giti, 
!3.   Atmospheric  air, 


Gases. 

21.4000  C.       ♦.  Aqueous  ▼apour, 

4.7490  —       5.  Carbonic  «cid  ga% 

1.7900  —       6.  Nitrogen  gas, 


1.5500  C 

1.6454  — 

.7936  — 


1.0860  — 
1.0660  — 
1.0300  C. 
l.OOOO 

.9999  C. 

.9940  K. 

.9360  G. 
.9300  Ir. 

.9250  G. 

.9050  G. 
.8928  C. 


.8760  G.     43. 


•  7.  Solution  of  carbonate  of  am- 
monia, -         -         I.^IO  K. 
'8.  Solution  of  brown  sugar, 
.9.  Akohol  (15.44), 
iO.   Ar«erial  blood, 

11,  Water, 

12,  Cow's  milk, 
^3.  Sulphuret  of  ammonia, 

14.  Solufioa  of  muriate  of  soda, 

1  in  10  of  water, 

15.  Alcohol  (9.44),      - 

16.  SutjAiuric  «cid,  diluted  with 

10  of  water,      - 

17.  Solution  of  muriate  of  soda 

in  6.4  of  water, 
\%.  Venous  blood, 

19.  Sulphuric  acid,  with  5  parts 

of  water, 

20.  Solution  6f  muriate  of  soda 

in  5  of  water, 

21.  Nitric  acia  (39), 

22.  Solution  of  sulphate  of  mag- 

nesia in  2  of  water, 

23.  Solution  of  muriate  of  soda 

in  8  of  water, 

24.  Solution  of  muriate  of  soda 

in  3.33  of  water, 

25.  Solution  of  nitrate  of  potash 

in  8  of  water, 

26.  Solution  of  muriate  of  soda 

in  2.8  of  water, 

27.  Solution  of  muriate  of  am- 

monia in  1.5  of  water, 

28.  Solution  of  muriate  of  soda 

saturated,  or  in  2.69  of 
water, 

29.  Solution  of  supertartrate  of 

potash  in  237.3  of  water,    .  7650  K. 

30.  Solution  of  carbonate  of  pot- 

ash,        -  -  -         .7590  — 

31.  Colourless     sulphuric     acid 

(51.55,56,57),        -         .7580  — 

32.  Sulphuric  acid,  'with  2  parts 

of  water,  -  -         .7490  G. 


Liquids. 

3a 


.8680  G. 

.Ot>4U  'Iv. 

.8440  — 
.8320 
.6200  G. 


.8020  G. 


3'4. 

35. 
36. 

37. 
38. 

39. 
40. 

41. 

42. 


44. 
45. 
46. 
47. 

4a 

49. 
50. 


.8167  L.     51. 


52. 
5a 
54. 
55. 


.7930  G.     56. 


57. 

5a 

59. 
60. 
61. 
02. 


Solution  of  sulphate  of  iron 

in  2.5  of  water, 
Solution  of  sulphate  of  soda 

in  2.9  of  water, 
Oliye  oil,        -        -        - 
Water  of  ammonia,  sp.  gr. 

0,997, 
Muriatic  acid,  sp.  gr.  1.122, 
Sulphuric  acid,  4  parts  with 

5  of  water. 
Nitric  acid,  sp.  gr.  1.29695, 
Solution  of  alum  in  4.45  of 

water,       -         -         - 
Mixture  of  nitric  acid  vnth 

lime,  9j-  to  1, 
Sulphuric  acid,  with  an  equal 

weight  of  water. 
Sulphuric  add,  4  parts  with 

3  of  water, 
Alcohol  <9. 15), 
Nitrous  acid,  sp.  gr.  1.354^ 
lAnseed  oil. 
Spermaceti  oil  (53), 
Sulphuric   add,  with  ^  of 

water,        -        -        - 
Oil  of  turpentine  (52), 
Sulphuric   add,   with  ^  of 

water,        .        -        - 
Sulphuric  acid  (31.  55,  56, 

57). 
Oil  of  turpentine  r49X      - 
Spermaceti  oil  (47), 
Red  wiiie  vinegar. 
Sulphuric  add,  concentrated 

and  colourless  (31), 
Sulphuric     acid,     sp.     gr. 

1.87058, 
Sulphuric  acid  (31.51),     - 
Spermaceti  melted, 
Quicksilver,  sp.  gr.  ia30. 
Quicksilver, 


.7310  K. 

.7290  — 
.7100  — 

.7080  — 
.6600* 

.6631  I.. 
.6613  — 

.6400  X. 

.6189  L. 

.6050  G. 

.6081  L 
.6021  C. 
.5760  K. 


.5000  C 

.5000  G. 
.4720  K. 

.4420  G. 

.4290  C 
.4000  Ir. 

.3870  — 

.3390  C. 

.3345  L. 
.3330  Ir. 
.3200  — 
.0330  K. 
.0290  L. 
.0290  W. 
.0280  Ir. 


6a 

64. 
65. 
GO. 
67. 


Ice, 

m»mm  »  m  » 

Ox-hide  with  tlic  Imir, 
Sliecp*9  lungs, 
Beef  of  an  ox, 


Souos. 

.9000  K.      68.  Scotch  fir  wood, 

.8000  Ir.      69.  Lime  tree  wood, 

.7870  C.      70.  Spruce  fir  wood, 

.7690—     71.  Pitch-pine  wood, 

.7400  —     72.  Apple  tree  wood. 


.6500  M. 
.2600  — 
,6000  — . 
.5800  — 
.5700  — 


837 


73. 

Alderwoodf 

.6300  M. 

118.' 

74. 

Sessile-leaved  oak, 

.5100  — 

119. 

75. 

Ash  wood, 

.5100  — 

120. 

76. 

Pear  tree  wood, 

.5000  — 

77. 

Rice, 

.5060  C. 

121. 

7a 

Horse-beAns, 

.5020  — 

122. 

79. 

Dust  of  the  pine  tree, 

.5000  — 

123. 

80. 

Pease, 

.4920  — 

124. 

81. 

Beecl^ 

.4900  M. 

83. 

Hornbeim  wood. 

.4800  — 

125. 

8a 

Birch  wood, 

.4800  — 

126. 

84. 

Wheat, 

.4770  C. 

127. 

85. 

Elm, 

.4700  M. 

12a 

86. 

White  wax. 

.4500  G. 

129. 

87. 

Pedunculated  oak  wood, 

.4500  M. 

88. 

Prune  tree, 

.4400  — 

130. 

89. 

Ebony  wood. 

.4300  — 

131. 

90. 

Quicklime,  with  water,  in 

132. 

the  proportion  of  16  to  9, 

.4391  L. 

i3a 

91. 

Barley, 

.4210  C. 

134. 

92. 

Oats, 

.4160  — 

135. 

9a 

Charcoal  of  birch  wood  (99), 

.3950  G. 

136. 

94. 

Carbonate  of  magnesia. 

.3790  — 

137. 

95. 

Prussian  blue, 

.3300  — 

13a 

96. 

Quicklime,   saturated  with 

139. 

water  and  dried. 

.8800  G. 

• 

97. 

Pit  coal, 

.2777  C. 

140. 

9a 

Artificial  gypsum, 

.2640  G. 

99. 

Clharcoal  (93), 

.2631  C. 

100. 

Chalk  (108), 

.2564  _ 

141. 

101. 

Rust  of  iron. 

.2500  — 

102. 

White  clay. 

.2410  G. 

142. 

loa 

White  oxide  of  antimony 

14a 

washed. 

.2272  C. 

14k 

104. 

Oxide  of  copper. 

,2272  — 

145. 

105. 

Quicklime  (107), 

.2239  — 

146. 

106. 

Muriate  of  soda  in  crystals. 

.2260  G. 

147. 

107. 

QuickUme(105), 

.2168  L. 

14a 

loa 

Chalk  (100), 

.2070  G. 

149. 

109. 

Crown  glass. 

.2000  Ir. 

150. 

110. 

Agate,  sp.  gr.  2.648, 

.1950  W. 

151. 

HI. 

Earthen  ware, 

.1950  K. 

152. 

112. 

Crystal  glass  without  lead. 

.1929  L. 

153. 

iia 

Cinders, 

.1923  C. 

154. 

114. 

Sulphur, 

.1890  Ir. 

155. 

115. 

Ashes  of  cinders. 

.1855  C, 

156. 

116. 

White  glass,  sp.  gr.  2.386, 

.1870W. 

157. 

117. 

White  clay  burnt. 

.1850  G. 

158. 

Black  lead,         -         -  .1830  G. 

Sulphur,  -  .  .1830  K. 
Oxide  of  antimony,  nearly 

free  of  air,              -  .1666  C. 

Rust  of  iron,  ditto,  ditto,  .1666  — 

Ashes  of  elm  wood,        -  .1402  — 

Iron,  (125.  127. 128. 132.)  .1450  Ir. 
Oxide  of  zinc,  nearly  freed 

from  air,           -         -  .1369  C. 

White  cast  iron,          .  .1320  O. 

White  oxide  of  arsenic,  .1260  — 

Iron  (12a  132.),         -  .1269  C. 

Iron,  sp.  gr.  7.876,  -  .1260  W. 
Cast    iron    abounding    in 

plumbago,            -  .1240  G. 

Hardened  steel,             -  .1230  — • 

Steel  softened  by  fire,  .1200  — 

Soft  bar  iron,  sp.  gr.  7.724s  •1190  — 

Brass,  sp.  gr.  8.356,  (135),  .1160W. 
Copper,  sp.  gr.  a785>  (136),  .1140  — 

Brass  (133),             -  .1123  C. 

Copper  (134),            -  .1111  — 

Sheet  iron,         .          -  .1099  L. 

Zinc,  sp.  gr.  7.154^  (14.3),  .1020  W. 
White  oxide  of  tin,  nearly 

free  of  air,  -  .990  C. 
Cast  pure  copper,  heated  be- 
tween charcoal,  and  cooled 

slowly,  sp.  gr.  7.907,  .990  G. 
Hammered  copper,  sp.  gr. 

9.150,  -  -  .970  G. 
Oxide  of  tin,  -  .960  K. 
Zinc  (138),  -  .943  C. 
Ashes  of  charcoal,  -  .909  ^ 
Sublimated  arsenic,  -  «§40  G. 
Silver,  sp.  gr.  10.001,  .820  W. 
Tin  (152),  -  -  .704  C 
Yellow  oxide  of  lead,  -  .680  — 
White  lead,  -  -  .670  G. 
Antimony,  -  -  .645  — 
Antimony,  sp.  gr.  6. 107,  .630  W. 
Tin,  sp.  gr.  7.380,  (147),  .600  — 
Red  oxide  of  lead,  -  .590  G. 
Gold,  sp.  gr.  19.04^  -  .500  W. 
Vitrified  oxide  of  lead,  .590  G. 
Bismutli,  sp.  gr.  9.861,  .430  W. 
Lead,  sp.  gr.  1 1.45,  -  .420  — 
-             -  .352  C. 


The  above  capacities  of  the  gases  are  all  erroneous ;  and  those  of  the  other  bodies  are 
probably  more  or  less  incorrect.     See  Calobic. 
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TABLE  VlL—qfOu  BUutie  Force  tfihe  Vapour  of  Water  in,  inchei  of  Mercury, 

by  Dr  Urb. 


Temp. 

Fofcfe 

Tempi 

Forefc 

Tonp. 

FMOCi 

Temp. 

Poroe. 

Temp.    Force. 

Tempi 

Force. 

24P 

0.170 

1150 

2.820 

I960 

21.100 

242<> 

5a  600 

2700    86.300* 

295.69 

130.400 

32 

0.200^ 

120 

a300 

200 

2a600 

245 

56.340 

271.2  8a000, 

295 

129.000 

40 

0.250 

125 

a830 

205 

25.900 

245.857.100 

27a7 

91.200 

297.1 

13a  900 

50 

0.360 

130 

4.366 

210 

2a880 

24a5  60.400 

275 

93  460 

29a8 

137.400 

55 

0.416 

135 

5.070 

212 

30.000 

250 

61.900 

275.7 

94600 

300 

139. 70( 

60 

0516 

140 

5.770 

216.6 

3a  400 

251.663.500 

277.9 

97.800 

300.6 

140.900 

a5 

0.630 

145 

6.600; 

220 

35.540 

254.566.700 

279.5 101.600! 

302 

144300 

70 

0.726 

150 

7.530 

221.6 

36.700 

255 

67.250 

280     101.900! 

doa8 

147.700 

75 

0.860 

155 

a  500 

225 

39.110 

257.569.800 

281.8104.400 

305 

150.560 

80 

1.010 

160 

9.600 

226.3 

40.100 

260 

72.300 

28a8107.700 

306.8 

154400 

a5 

1.170 

165 

10.800 

230 

4a  100 

260.472.800 

285.2112.200 

308 

157.700 

90 

1.360' 

170 

12.050 

230.5 

43.500 

262.875.900 

287.2114.800 

310 

161.300 

95 

1.640 

175 

ia550 

234.5 

46.800 

264.977.900 

289 

lia200 

311.4 

164800 

100 

1.860 

180 

15.160 

235 

47.220 

265 

7a040 

290 

120.150 

312 

167.000 

105 

2.100 

la'^ 

16.900 

238,5 

50.300 

267 

81.900 

292.3  12a  100 

Another  experlm. 

110 

2.456 

190 

19.000 

240 

51.700 

269 

84.900 

294 

12a700| 

312*^    1165.5 

TABLE  VIIL — 0/  the  Elastic  Forces  qf  the  Vapours  qf  JlcoTtol,  Ether,  Oil  of 
Twyentinef  and  Petroleum  or  Naphtha,  by  Dr  Ube. 


i! 
•  \ 


I 

£ 

r 
I 


Ether. 

Alooh.  tpi  gr.  OBIS. 

Alooh.  ipi  gr.  031& 

Petroleum. 

Tempi 

Force  of 
V«poi|r. 

Temp. 

Force  of 
Vapour. 

Temp. 

Force  of 
Vapour. 

Temp. 

Force  of 
Vapour. 

340 

a20 

32«> 

0.40 

19a3«> 

46.60 

316° 

30.00 

44 

a  10 

40 

0.56 

196.3 

50.10 

320 

31.70 

54 

10.30 

45 

0.70 

200 

5aoo 

325 

34.00 

64 

laoo 

50 

0.86 

206 

60.10 

330 

36.40 

74 

laio 

55 

1.00 

210 

65.00 

335 

3a90 

84 

20.00 

60 

1.23 

214 

69.30 

340 

41.60 

94 

24.70 

65 

1.49 

216 

72.90 

345 

44.10 

104 

30.00 

70 
75 

1.76 
2.10 

220 
225 

78.50 
87.60 

350 
355 

46.86 
50.20 

SI 

Btber. 

80 
85 
90 

2.45 
2.93 
a40 

230 
232 
236 

94.10 

97.10 

10a60 

360 
365 
370 

5a30 
56.90 
60.70 

105 

30.00 

110 

32.54 

95 

a90 

238 

106.90 

372 

61.90 

115 
120 

35.90 
39.47 

100 
105 

4.50 
5.20 

240 
244 

111.24 
lia20 

375 

64.00 

125 

4a24 

110 

6.00 

247 

122.10 

Oil  of] 

\irpentine 

130 

47.14 

115 

7.10 

246 

126.10 

Force  of 
Vapour. 

135 

51.90 

120 

a  10 

249.7 

131.40 

Tempi 

140 
145 

56.90 
62.10 

125 

9.25 
1060 

250 

132.30 
138.60 

130 

252 

SO40 

30.00 

150 

67.60 

135 

12.15 

254.3 

14a  70 

307.6 

32.60 

155 

7a60 

140 

ia90 

25a  6 

151.60 

310 

3a50 

160 

8030 

145 

15.95 

260 

155.20 

315 

35.20 

165 

86.40 

150 

laoo 

262 

161.40 

320 

37.06 

170 

92.80 

155 

20.30 

264 

166.10 

322 

37.80 

175 

99.10 

160 

22.60 

326 

40.20. 

180 

loaso 

165 

25.40 

330 

42.10 

185 

iiaio 

170 

2a30 

336 

45.00 

190 

124.80 

173 

30.00 

340 

47.30 

195 

13a  70 

17a3 

3a50 

343 

49.40 

200 

142.80 

180 

3473 

347 

51.70 

205 

151.30 

182.3 

36.40 

350 

5a80 

210 

166.00 

185.3 

39.90 

354 

56.60 

190 

4a20 

357 
360 

5a  70 
60.80 

362 

62.40 

640 


TABLE  IX. — iVcrao  French  Weigktt  and  Measures  (computed^  Urn,  Ujlc). 
I. -^Measures  of  Length ;  the  Metre  being  at  38^»  and  the  Foot  at  62^. 


MiHimeire 

Centimetre 

Decimetre 

Metre* 

Decametre 

Hecatometre 

KilcMnetre 

Myrioinetre 


Engliab  Incbet. 

.03937 

.39371 

3.93706 

39.37079 

39a  70790 

3937.07900 

39370.79000 

393707.90000 


Mid.  Fur.  Yds.  FseC   In. 

0   0  10   8   9.7 

0   0  109   1   1.078 

0   4  213   1  ia3 

6   1  156  0   9.17 


2.'^Meatures  ofCtq>acity;  Cubic  inch  coniaim  252,5  Imperial  grains  ofwaterf  tsi  68*. 


Miimitre 

Centilitre 

Decilitre 

Litre 

DecaUtre 

Hecatolitre 

Kilolitre 

Myriolitre 


Cubic  Incbei. 

0.06112 

0.61120 

6.11208 

61.12079 

611.20792 

6112.07920 

61120.79208 

611207.92080 


Imperial, 

GaUooB.  FlBta. 

0  1.76377 

2  LM64 

22  02640 
220.47 
2204.71 


Milligramme    : 
Centigramme 
Decigramme     i 
Gramme 
Decagramme    i 
Hecatogrammej 
Kilogramme 
Myriogramme  : 


a— AfMfurcs  of  ITeight, 


EngUih  graina. 

.0154 

.1543 

L5433 

15.4330 

154^3300 

154a3^ 

15433.0000 

154330.0000 


Avoirdupois, 
PouimL 
0.022 
0220 
2204 

:    22.047 


TABLE  ^•'-'Correspondence  of  EngUfJi  Weights  and  Measures  with  those  used  in 

France  before  the  Revolution, 

§  h—'IFeights. 

The  Paris  pound,  poids  de  marc  of  Chariemagne^  cootaina  9216  Paris  grains  ;  it  is  dividd 
into  16  ounces  each  ounce  into  8  gro^  and  each  groa  into  72  grains.  It  is  equal  to  7561 
English  troy  grains. 

The  English  troy  pound  of  12  ounces  contains  5760  English  troy  grains,  and  is  equal  ta 
7021  Paris  grains. 

The  English  avoirdupois  pound  of  16  ounces  contains  7000  Englisli  troy  gnuai^  and  is 
equal  to  8532.5  Paris  graina. 

To  reduce  Paris  grains  to  English  troy  graina,  divide  by      }  i  9109 

English  troy  grains  to  Paris  grains,  multiply  by  ) 
To  reduce  Paris  ounces  to  English  troy,  divide  by  >  >  015704 


To  reduce 


English  troy  ounces  to  Paris,  multiply  by 

§  2.— Xong  and  Cubical  Measures. 

Paris  running  feet,  or  indies,  into  English,  multiply  by  }  •  1^5077 
English  running  feet,  or  inches,  into  Pari^  divide  by     3    '^^ 

I  1.211278 


To  reduce  Paris  cubic  feet,  or  inches,  to  English,  multiply  by 
Eng^sh  cubic  feet,  or  inches,  to  Paris,  divide  by 


*  Recently  determined  by  Captain  Katter  to  be«)i579?9  indtcs.  (HiiL  Traw^  lSU,{k.  Mft; 


Dnni. 

< 

Cubic.  Inch. 

LltTM. 

1024 

^T 

231. 

as 

a785l5 

128 

S5 

2a875 

5J2 

0.47398 

8 

552 

1.8047 

ss 

0.02957 

1 

552 

a2256 

^ 

0.00396 

841 

TABLE  XI. — Oorreipondence  behveen  En^Hsh  and  other  Foreign  Weighit  and  Measuret* 

L'^EngUsh  Weights  and  Meatures. 

Troy  Weight. 
Found.    Ounoet.    DmM.     Scruple*.      Orains.       Orammci. 
1    zs    12  s  96   ss  288  =s  5760  =s  372.96 
1  a    8  srs    24  =     480  8s    31.08 
1    =s      3  =s      60  =s      a885 
1  =s       20  =       1.295 

1  ss      0.06475 

Avoirdnpois  Wdgbt. 

Pound.     Ouncei.     Dmt.       Oraioi.  Orammet. 

1    =    16  as  256  =  7000.  =  453.25 

1  S3     16  ss    437.5         ss     28.328 
1  =s      27.34375  =       1.7705 

Measures. 

OtL      PfBtt.     Ouncst. 
1    sr    8  s:  128  ss 
1  as      16  as 

N.  B.— *Tbe  English  ale  gallon  contains  282  cabical  inches. 
Ihd  wine  gallon  contains  58176  Troy  grains ;  and  the  wine  pint  7272  Troy  grains. 

11.*- Omnoik 

71  lbs.  or  grs.  English  topy    •    sr  74  lbs.  or  grs.  German  apothecaries*  weight. 
1  OS.  Nuremberg,  medic,  weight  ss  7  dr.  2  so.  9  gr,  English. 
1  mark  Cologne        -        -       ss  7  ox.  2  dwt.  4  gr.  Englisli  troy. 

IIL — Dutch. 

1    lb.   Dutch  ss        1  lb.  3  OS.  16  dwt.  7  gr.  English  troy. 
787^  lbs.  Dutch  ss  1038  lbs.  English  tioy. 

TV,'Swedi$h  freights  and  Measuretf  used  by  Bergmann  ajul  Scheele. 

The  Swedish  pound,  which  is  divided  like  the  En^^lish  apothecary  or  troy  pound,  weighs 
6556  grs.  troy. 

The  kanne  of  pure  water,  according  to  Bergmann,  weighs  42250  Swedish  grains,  and  oc- 
cupies 100  Swedish  cuUcal  inches.  Hence  the  kanne  of  pure  water  weighs  48088.719444 
English  troy  gnuns,  or  is  equal  to  189.9413  English  cubic  inches ;  and  the  Swedish  longi- 
tudmal  inch  is  equal  to  1.238435  English  longitudinal  inches. 

By  Everard's  experiment,  and  the  proportions  of  the  English  and  FVench  foot,  as  esta- 
blished by  the  Royd  Society  and  French  Academy  of  Sciences,  the  following  numbers  are 
ascertained  :—> 

Psris  grains  in  a  Paris  cube  foot  of  water  at  55o  F.  ss  645511 
Englidi  grains  in  a  Paris  cube  foot  of  water  z^  529922 

Paris  grains  in  an  English  cube  foot  of  water  =s  533247 

English  grains  in  an  English  cube  foot  of  water        ss  437469.4 
English  grains  in  an  English  cube  inch  of  waiter        as        253. 1 75 

As  a  cubic  foot  of  water  weighs  very  nearly  1000  ounces  ayoirdupois,  the  specific  gra- 
vities of  bodies  express  the  ounces  in  a  cubic  foot  of  them,  the  density  of  water  being 
called  1000. 

Hh 
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VAMES  OF  SALTS. 


Solubility  in  100  Futs  Water. 


At  60° 


At212o 


Adds, 


Arsenic 

Benzoic 

Boracic 

Camphoric 

atric 

Gallic 

Mucic 

Molybdenic 

Oxalic 

Suberic 

Succinic 

Tartaric 


Salifiable  Bates, 


Baryta 

crystallized 
Lime 
Potash 
Soda 
Strontia 

crystallized 


Salts. 

Acetate  of  ammonia 
baryta 
lime 

magnesia 
potash 
soda 
strontia 
Carbonate  of  ammonia 
baryta 
lime 

magnesia 
potash 
soda 
strontia 
Camphorate  of  ammonia 
baryta 
Ume 
potash 
Citrate  of  soda 
lime 
Chlorate  of  baryta 
mercury 
potash 
soda 
Muriate  of  ammonia 
baryta 
lead 
lime 

magnesia 
mercury 
potash 
silver 


150 


iksms 

4.17 

8 

1.04 

a3 

133 

200 

a3 

66 

0.84 

1.25 

0.1 

50 

100 

0.69 

50 

4 

50 

Very  soluble 

5 

50 

57 

Unlimited 

0.2 

Very  soluble 

do. 

0.6 

1.9 

50 

Very  soluble 

do. 

do. 

do. 

100 

Very  soluble 

40 

+  30 

100 

Insoluble 

do. 

2 

25 

83 

50 

4-100 

Insoluble 

1 

33 

0.16 

0,5 

33 

+  33 

60 

Insoluble 

25 

+  25 

25 

6 

40 

35 

+  35 

33 

100 

20 

+  20 

4.5 

200 

100 

5 

50 

33 

0.tA^ 
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NAHES  OF  SALTS. 

Solubility  in  100  Parts  Water. 

At  60° 

At2120 

Muriate  of  soda 

35.42 

36.16 

strontia 

150 

UnU    ited 

Nltrata  of  anunonia 

ao  . 

200 

baryta 

lime            -            -            - 

8 
400 

25 

magnesia 

potash 

soda 

100 
14.25 
33 

+  100 

100 

+  100 

strontia 

100 

200 

Oxalate  of  strontia 

OiV 

Phosphate  of  ammonia 
baryta 
lime 

25 
0 
0 

0 

magnesia 

potash 

soda 

6.6 
Very  soluble 
25 

50 

strontia 

0 

0 

Phosphate  of  ammonia 
baryta 
potash 

Sulphate  of  ammonia 
baryta 

50 

ai 

33 

50 
0;002 

+  50 

+  33 
100 

copper 
iron 

25 

50 

50 
+  100 

lead 

O.TT 

lime 

0.2 

0.22 

magnesia 

potash 

soda 

100 

6.25 
37 

133 

20 

125 

strontia 

0 

0.02 

Sulphite  of  ammonia 
lime 

100 
0.125 

magnesia 

potash 

soda             -               >• 

5 

100 
25 

100 

Saccholactate  of  potash 
soda 

12 
20 

Sub-borate  of  soda  (borax) 
Super-sulphateof  aluminaand  potash  (alom) 

potash 
Super-oxalate  of  potash 
tartrate  of  potash 
Tartrate  of  potash 

and  soda 

a4 

5 
50 

l.i 
25 
20 

16.8 
133 
+  100 
10 

3.J 

antimony  and  potash 

6.6 

33 

See  Salt. 
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TABLE  XIII.— 2?oi«ii^  PoinU  of  Saturated  Salutum$  of  SaUs,  6y  Mb  T. 

Journal  ^Science,  xvixL  89. 


NAMES  or  SALTS. 


Acetate  of  soda 

Nitrate  of  soda 

Rochelle  salt  -  - 

Nitre  -  -  - 

Muriate  of  ammonia 

Sulphate  of  nickel 

Tartrate  of  potash 

Muriate  of  soda' 

Nitrate  of  strontia     . 

Sulphate  of  magneua 

Supersulphate  of  potash 

Borax  -  -  - 

Phosphate  of  soda 

Carbonate  of  soda 

Muriate  of  baryta 

Sulphate  of  zinc  . 

Alum  .  -  - 

Oxalate  of  potash 

Oxalate  of  ammonia 

PrussiaU  Of  potash 

Chlorate  of  potash 

Boracic  acid 

Sulphate  of  potash  and  copper 

Sulphate  of  copper 

Sulphate  of  iron 

Nitrate  of  lead 

Acetate  of  lead 

Sulphate  of  potash 

Nitrate  of  baryta 

Biurtrate  of  potash 

Acetate  of  copper 

Prussiate  of  mercury 

Corrosive  sublimate 

Sulphate  of  soda - 


DRY  SALT  IN  100. 


BOILING  POINT. 


60 

250> 

60 

246 

90 

240 

74. 

238 

50 

236 

65 

235 

68 

234 

30 

224 

53 

224 

57.5 

222 

? 

222 

52.5 

222 

? 

222 

? 

220 

45 

220 

45 

220 

52 

200 

40 

220 

29 

218 

55 

218 

40 

218 

? 

218 

40 

217 

45 

216 

64 

216 

52.5 

216 

41.5 

215 

17.5 

215 

2&5 

214 

9.5 

214 

16.5 

214 

35 

214 

7 

214 

31.5 

213 

THE  END. 
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V^^RNiSH. 


beniMie  of  sodbt  Tarieft  gresd;,  ao  tliatiBooie- 
times  scarcely  any  caa  be  found.  NotwHb- 
standing  the  assertions  of  these  chemista,  that 
the  urine  of  the  horse  contains  ho  phoqiborie 
acid,  Giobert  affiimt  that  phoq^horus  may  be 
made  from  it. 

That  of  the  cow,  acoording  to  RoueUe^ 
contains  carbonate,  sulphate,  and  muriate  of 
potash,  benzoic  acid,  and  urea :  that  of  the 
camel  differed  from  it  in  affording  no  ben^ 
loic  add ;  that  of  the  nbbit,  acoording  to 
Vauqudin,  contains  the  carbonates  of  Ume^ 
magnesia,  and  potash,  sulphates  of  potash 
and  Ume,  muriate  of  potash,  urea,  gdaiSn, 
and  sulphur.  AU  thew  appear  to  contain 
aimie  free  alkali,  as  they  turn  syrup  of  Tiokts 
green.  In  Ae  urine  of  domestic  fowls, 
Fourcroy  and  Vauquelin  found  Uthic 


Urine  -faas  been  employed  lor 
phosphorus,  ToUtile  aUulia  and  aaX 
mac ;  moulds  to  the  produce  of  nitre 
and  it  iavery  useful  in  a  putrid 
scouring  woollens. 

URINE  (BLUE).      la  oenaii 
conditloiis  of  the  body  a  bfaie  mine 
voided,  which  M.  Braconnoft  haa  g^veo  an 
count  of  in  the  29th  volume  of  the  ^ 
<k  Chim.  ei  de  Pk^M.  p.  858.     It  is  a 
liar  substance  which  gives  the  oolonr 
proposes  to  call  it  cyenMP^ne.     It  rcai 
the  organic  salifiable  bases  in  coabiniBg 
acids,  in  refusing  to  diaaolve  in  alkatia, 
the  large  proportioii  of  carbon  which  it 


URINARY  CALCULL 

(UBIHAaY). 


.  VAPOUR.  The  general  principles  of 
the  formation  of  vapour  have  been  explained 
under  the  article  Calobic,  {ekanges  of  state). 
Some  observations  have  been  added  under 
Evaporation  and  Gas. 

Fig.  15.  Plate  XIV.  veprasenU  one  form 
of  the  apparatus^  which  I  employed  for  de- 
termining the  elastic  force  of  vapours  at  dif* 
Icfcnt  temperatures.  L,  1,  are  the  initial 
levels  of  the  mercurial  columns  in  the  two 
4sgs.  of  die  syphon  barometer.  /  is  the  fine 
wire  of  platina  to  which  the  quicksilver  was 
inadc  a  tangent,  at  every  measurement,  by 
pouring  mercury  into  the  opoi  leg,  till  Its 
vertical  pressure  equipoised  the  elutic  force 
of  the  vapour  slwve  I.  The  ccdnmn  added 
over  L,  measured  directly  that  elastic  forceu 
See  the  Tables  in  the  Appendix.     See  Ca- 

tORK. 

VAREC.  The  French  name  for  kelp, 
ar  incinerated  sea-weed. 

VARNISH.  Lac  varnishes  or  lacquers 
consist  of  different  resins  in  a  state  of  solu- 
tion, of  which  the  most  common  are  mastic, 
sandarach,  lac,  benzoin,  copal,  amber,  and 
asphaltom.  The  menstrua  are  either  ex- 
pressed or  essential  oils,  or  alcohol.  For  a 
varnish  of  the  first  kind,  the  common  pain- 
ter's varnish  is  to  be  united  by  gently  boiling 
it  with  some  more  mastic  or  ccriopbony^  and 
tfien  diluted  again  with  a  little  more  oil  of 
■turpentine.  The  latter  addition  promotes 
both  the  glossy  appearance  and  drying  of  the 
varnish. 

Of  tliis  sort  also  is  the  amber  varnish. 
To  make  this  varnish,  half  a  pound  of  ambor 
is  kept  over  a  gentle  fire  in  a  covered  iron 
pot,  in  the  lid  of  which  there  is  a  small  hole, 
till  it  is  observed  to  become  soft,  and  to  be 
melted  together  into  one  mass.  As  soon  as 
this  is  perceived,  the  vessel  is  taken  from  off 
the  fire,  and  suffered  to  cool  a  little,  when  a 
pound  of  good  painter's  varnish  is  added  to 


it^  and  the  whole  suflf^rad  to  boil  up 
over  the  firo,  keeping  it  contiBttally 
JJia  this^  it  is  agaip  rcsaoved  Itob  the  fiia; 
and  when  it  is  become  somewhat  eoai  a 
p6und  of  oil  of  turpentina  ia  to  be  gradnally 
mixed  with  iL  Should  the  vanudi,  wbta  it 
is  cool,  happen  to  be  yet  loo  thick,  it  asaj  be 
attenuated  with  mese  oil  of  turpentine^  This 
vamisli  has  always  a  dark  brown  oolour,  bo- 
cause  the  amber  ia  pretiously  haiUaraed  ia 
this  operation;  but  if  it  be  rcqnired  et m 
bright  colour,  amber  powder  aanst  be  dia* 
solved  in  transparent  painter'a  varniah,  in 
Papin's  machine,  by  a  gentle  fir& 

Aa  an  instance  of  the  second  sort  of  lac 
vamiBhes  with  ethereal  oils  alone^  may  bs 
adduced  the  varnish  oaide  with  oil  of  tiapca- 
tine.  For  making  this,  mastic  alone  is  dis- 
solved in  oil  of  turpentine  by  a  vciy  gmde 
digesting  heat,  in  close  glaaa  vcsada.  This 
is  the  varnish  used  fior  the  modem 
rencies  employed  as  window-blinda^ 
screens,  and  for  other  purposes, 
commonly  prints,  coloured  on  both 
and  afterwards  coated  with  this  varaisk  ea 
those  parts  that  are  intended  to  be  traa^a- 
rent.  Sometimes  fine  thin  calico^  ar  Iriik 
linen,  ia  used  for  this  purpose;  bat  it  ia> 
quires  to  be  primed  with  a  solutwn  of  ina- 
glass,  before  the  colour  is  laid  on. 

Copal  may  be  dissolved  ia  genuina  Cbio 
turpentine,  according  to  Mr  Shddiakc^  by 
adding  it  in  powder  to  the  turpeotiae  fva- 
vioudy  melted,  and  stifring  till  the  whole  is 
fused.  Oil  of  turpentine  may  thea  bo  addsd 
to  dilute  it  suflidently. 

A  varnish  of  the  consistence  of  thin  tar* 
pentine  is  obtained  by  the  digestion  of  oos 
part  of  elastic  gum,  or  caoutchouc,  cut  iais 
small  pieces,  in  thirty-two  parta  of  aapbths. 
Previously  to  its  being  used,  however,  it 
must  be  pawed  through  a  Uoen  doih,  ia 
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VEGETABLE. 


ordor  thai  Uie  undui^Tttl  jmtu  may  be  left 
bahind* 

Hie  third  sort  of  vamiahee  concuts  in  the 
q^irit  Tamith.  The  moat  solid  reains  by 
thcmtelTes  produce  brittle  nuviahes ;  there- 
fore, eomething  of  a  aoAer  aubstance  must 
always  be  mixed  with  them,  whereby  thia 
brittleneas  is  diminished.  For  this  purpose^ 
elemi,  turpentine,  or  balsam  of  copaiva,  are 
employed  in  proper  proportions.  For  the 
aolution  of  these  bodies  the  strongest  alcohcd 
ought  to  be  used,  which  may  very  properly 
indeed  be  distilled  over  alkali,  but  must  not 
have  stood  upon  alkali. 

In  conformity  to  these  nilea^  a  fine  colour- 
less Tarnish  may  be  obtained,  by  dissolving 
eight  ounces  of  gum-sandarach  and  two 
ounces  of  Venice  turpentine,  in  thirty-two 
ounces  of  alcohol  by  a  gentle  heat.  Five 
oiinccs  of  shell-lac  and  one  of  turpentine, 
dissolved  in  thirty-two  ounces  of  alcohol  by 
a  very  gentle  heat,  give  a  harder  varnish,  but 
of  a  reddish  cast  To  these  the  solution  of 
copal  is  undoubtedly  preferable  in  many  re- 
spects. This  is  effected  by  triturating  an 
ounce  of  powder  of  gum  copal,  which  has 
been  well  dried  by  a  gentle  heat,  with  a 
drachm  of  camphor;  and,  while  these  are 
mixing  together,  adding  by  degrees  four 
ounces  of  the  strongest  alcohol,  without  any 
digestion. 

Between  this  and  the  gold  varnish  there  is 
only  this  difference,  that  some  substances 
that  communicate  a  yellow  tinge  are  to  be 
added  to  the  latter.  Take  two  ounces  of 
shell-lac,  of  annotto  and  turmeric  of  each  one 
ounce,  and  thirty  grains  of  fine  drsgon's- 
blood,  and  make  an  extract  with  twenty 
ounces  of  alcohol  in  a  gentle  heat. 

Oil  varnishes  are  commonly  mixed  im- 
mediately with  the  colours,  but  lac  or  lac- 
quer varnishes  are  laid  on  by  themselves  upon 
a  burnished  coloured  ground :  when  they  are 
intended  to  be  laid  upon  naked  wood,  a 
ground  should  be  first  given  them  of  strong 
sne^  either  alone,  or  with  some  earthy  colour 
mixed  up  with  it  by  levigation.  Tlie  gold 
lacquer  is  simply  rubbed  over  brass,  tin,  or 
silver,  to  give  them  a  gold  colour. 

Before  a  resin  is  <Eisolved  in  a  fixed  oil, 
it  is  necessary  to  render  the  oil  drying.  For 
this  purpose  the  <n1  is  boiled  with  metallic 
oxides,  in  which  operation  the  mucilage  of 
the  oil  combines  with  the  metal,  while  the  oil 
itself  unites  with  the  oxygen  of  the  oxides 
To  accelerate  the  drying  of  this  vamish,  it  is 
necessary  to  add  oil  of  turpentine. 

The  essential  varnishes  consist  of  a  solu- 
tion of  resin  in  oil  of  turpentine.  The  var- 
nish being  applied,  the  essential  oil  flies  off, 
and  leaves  the  resin.  This  is  used  only  for 
paintings. 

When  resins  are  dissolved  in  alcohol,  the 
vamish  dries  very  speedily,  and  is  subject  to 
crack  ;  but  tliis  fault  is  corrected  by  adding 


a  small  Quantity  of  tiirpentiiM  to  the  mix- 
ture»  which  renders  it  brighter,  and  less 
britde  when  dry. 

The  coloured  resins  or  gums,  such  as 
gamboge,  dragonVblood,  Ac.  are  used  to 
colour  varnishes. 

To  give  lustre  to  the  Tarnish  after  it  is  laid 
on,  it  is  rubbed  with  pounded  pumice-stone 
and  water ;  which  being  dried  with  a  cloth, 
the  work  is  afterward  rubbed  with  an  oiled 
rag  and  tripoli.  The  surface  is  last  of  all 
cleaned  with  soft  linen  cloths,  cleared  of  all 
greasiness  with  powder  of  starch,  and  nibbed 
bright  with  the  palm  of  the  hand. 

The  following  recipe  for  a  good  spirit  var- 
nish is  given  by  Tingry  :— 

Take  strong  alcohol  32  parts,  pure  mastic 
4^  sandarach  3,  clear  Venice  turpentine  3, 
coarsely  ground  glass  4^    Reduce  the  mastic 
and  the  sandarach  to  fine  powder;  introduce 
them  with  the  glass  and  spirit  into  a  matrass, 
which  is  to  be  placed  in  hot  water  for  one  or 
two  hours,  taking  care  to  stir  up  the  mate- 
rials from  time  to  time  with  a  glass  spatula. 
Then  pour  in  the  turpentine,  and  keep  the 
vessel  for  half  an  hour  longer  in  the  water. 
Next  day  decant  off  the  liquor,  and  filter  it 
through  cotton.     It  will  be  perfectly  limpid. 
This  vamish  is  usually  applied  to  objects  of 
the  toilette,  as  work-boxes^  card-cases,  Ac 
Essence  vamish  by  the  same. 
Take  mastic  in  powder  12  parts,   pure 
turpentine  H,  camphor  in  bits  (,   crystal 
gUus  ground  5,  rectified  oil  of  turpentine  36. 
Put  the  mastic,  camphor,  ghus,  and  oil,  into 
a  matrass,  and  dissolve,  as  above  preacribed. 
Thia  vamish  is  applied  to  paintings. 
Fat  vamish. 

Take  copal  16  parts,  linseed  or  poppy  oil 
made  drying  with  litharge  8,  oil  of  turpen- 
tine 16.  Melt  the  copal  in  a  matrass,  by 
exposing  it  to  a  moderate  heat ;  pour  then 
upon  it  the  boiling  hot  oil ;  stir  the  mixture^ 
and  when  the  temperature  has  fallen  to  about 
200^  F.  add  the  oil  of  turpentine  heated. 
Strain  the  whole  immediately  through  linen 
doth,  and  keep  the  vamish  in  a  wide-mouthed 
bottle.  It  becomes  very  clear  in  a  little 
while^  and  is  almost  colourless  when  well 
made.  Copal  vamish  is  applied  on  coaches, 
also  generally  on  polished  iron,  brass,  copper, 
and  wood. 

VAUQUELINITE.  Chromate  of  lead 
and  copper ;  a  mineral  which  occurs  in  small 
crystals  on  quarts,  accompanying  the  chro- 
mate  of  lead,  in  Siberia. 

VEGETABLE  KINODOM.  The 
principles  of  which  vegetables  are  compoeed, 
if  we  pursue  their  analysis  as  far  as  our 
means  have  hitherto  allowed,  are  chiefly  car- 
bon, hydrogen,  and  cnygen.  Nitrogen  is 
a  constituent  principle  of  several,  but  for 
the  most  part  in  small  quantity.  Potash, 
soda,  lime,  magnesia,  silex,  alumina,  sul- 
phur, phosphorus.  Iron,  manganese^  and  mu- 
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mtic  tdd,  h«Te  likewise  been  reckoned  in 
the  number ;  but  some  of  these  occur  only 
occasionally,  and  chiefly  in  very  small  quan- 
tities ;  and  are  scarcdy  more  entitled  to  be 
considered  as  belonging  to  them  than  gold, 
or  some  other  substances,  that  have  been 
occauonally  pnxnired  from  their  decompo- 
sition. 

The  following  are  the  princifMl  products 
of  ▼egetation :— > 

1.  Sugar.  Crystallizes;  soluble  in  water 
and  alcohol;  taste  sweet;  soluble  in  nitric 
acid,  and  yields  oxalic  acid. 

2.  SarcocoU,  Does  not  crystallise ;  solu- 
ble in  water  and  alcohol ;  taste  bitter  sweet ; 
soluble  in  nitric  acid,  and  yields  oxalic  acid. 

3.  Asparagin.  Crystallizes;  taste  cooling 
and  nauseous;  soluble  in  hot  water;  inso- 
luble in  alcohol ;  soluble  in  nitric  acid,  and 
converted  into  bitter  principle  and  artificial 
tannin. 

4.  Gum.  Does  not  crystallize ;  taste  in- 
sipid ;  soluble  in  water,  and  forms  mucilage ; 
insoluble  in  alcohol ;  precipitated  by  silicated 
potash;  soluble  in  nitric  acid,  and  forms 
mucous  and  oxalic  acids. 

5.  Ulmin,  Does  not  crystallize;  taste 
inupid ;  soluble  in  water,  and  does  not  form 
mucilage ;  precipitated  by  nitric  and  oxymu- 
riatic  acids  in  the  state  of  resin;  insoluble 
in  dlcohol. 

6.  Inulin.  A  white  powder;  insoluble 
in  cold  water ;  soluble  in  boiling  water ;  but 
precipitates  unaltered  after  the  solution  cools; 
insoluble  in  alcohol ;  soluble  in  nitric  add, 
and  yields  oxalic  acid. 

7.  Starch,  A  white  powder;  taste  insi- 
pid ;  insoluble  in  cold  water ;  soluble  in  hot 
water;  opaque  and  glutinous;  precipitated 
by  an  infusion  of  nut-galls;  precipitate  re- 
dissolved  by  a  heat  of  120°;  insoluble  in 
alcohol;  soluble  in  dilute  nitric  acid,  and 
precipitated  by  alcohol;  with  nitric  acid 
yields  oxalic  acid  and  a  waxy  matter. 

6.  Indigo,  A  blue  powder;  taste  insipid; 
insoluble  in  water,  alcohol,  ether ;  soluble  in 
sulphuric  acid;  soluble  in  nitric  acid,  and 
converted  into  bitter  principle  and  artificial 
tannin. 

9.  Gluten,  Forms  a  ductile  elastic  mass 
with  water ;  partially  soluble  in  water ;  pre- 
cipitated by  infusion  of  nut-galls  and  oxygen- 
ized muriatic  acid ;  soluble  in  acetic  acid  and 
muriatic  acid ;  insoluble  in  alcohol ;  by  fer- 
mentation becomes  viscid  and  adhesive,  and 
then  assumes  the  properties  of  cheese ;  solu* 
ble  in  nitric  acid,  and  yields  oxalic  acid. 

10.  Albumen,  Soluble  in  cold  water; 
coagulated  by  heat,  and  becomes  insoluble ; 
insoluble  in  dcohol ;  precipitated  by  infusion 
of  nut-galls;  soluble  in  nitric  acid;  soon 
putrefies. 

11.  Fibrin,  Tasteless;  insoluble  in  water 
and  alcohol ;  soluble  in  dihited  alkalis,  and 
in  nitric  acid ;  soon  putrefies. 


12.  GeUtUn.     Insipid;  aduble  in 
does  not  coagulate  when  heated  ;  precipitin- 
ed  by  infusion  of  galls. 

13.  Bilter  principle.  Colour  yellow  or 
brown;  taste  bitter;  equally  soluble  in  walcr 
and  alcohol ;  soluble  in  nitric  acid  ;  pRcipi- 
tated  by  nitrate  of  silver. 

14.  Eztractvoe.  Soluble  in  vratar  and  al- 
cobol;  insoluble  in  ether;  precipitated  by 
oxygenized  muriatic  add,  muriate  of  tii^ 
and  muriate  of  ahimina ;  but  not  by  gdaliB  ; 
dyes  fawn  colour. 

15.  Tannin.  Taste  astringent;  eohible 
in  water  and  in  alcohol  of  (XBIO;  pracips- 
tated  by  gelatin,  muriate  of  alnnaina,  aiisd 
muriate  of  tin. 

16.  Fixed  eUt.  No  smeU;  inMrfuble  in 
water  and  alcohol;  form  soaps  with  alka&s; 
coagulated  by  earthy  and  metallic  salts. 

17.  Wat.  Insoluble  in  water;  aolnbleia 
alcohol,  ether,  and  oils ;  forms  soap  widi  ^ 
kalis;  fusible. 

18.  Volatile  oU.  Strong  smell ;  iosolabie 
in  water;  soluble  in  alcohol;  liquid;  vola- 
tile ;  oily ;  by  nitric  add  inflamed,  and  oo»- 
verted  into  resinous  substances. 

19.  Camphor.  Strong  odour;  crysbdE- 
zes;  very  little  soluble  in  water;  soluble  in 
akc^ol,  oils,  acids;  insoluble  in  alkalis; 
bums  with  a  dear  flame^  and  volatilizes  be- 
fore melting. 

20.  BirdHme.  Visdd;  taste  insipid;  in- 
soluble  in  water;  partially  soluble  in  alco- 
hol ;  very  soluble  in  ether;  solution  green. 

21.  JUtint.  Sblid;  radt  when  heated; 
insoluble  in  water ;  soluble  In  alcohol,  ether, 
and  alkalis ;  soluble  in  acetic  add ;  by  nitric 
add  converted  into  artificial  tannin. 

22.  Guaiacum.  Possesses  the  charartws 
of  resins;  but  dissolves  in  nitric  add,  and 
yields  oxalic  add  and  no  tannin. 

23.  Baltami.  Possess  the  characters  of 
the  resins,  but  have  a  strong  smell;  when 
heated,  benzoic  add  sublimes;  it  sublimes 
also  when  they  are  disserved  in  sulpfavie 
add ;  by  nitric  add  converted  into  artifldsl 
tannin. 

24.  Caoutekout,  Very  elastic;  insoinble 
in  water  and  alcoh<^ ;  when  steeped  in  ether, 
reduced  to  a  pulp,  which  adheres  to  every 
thing;  fusible,  and  remains  liquid;  vcfy 
combustible. 

25.  Gum  retint.  Form  milky  solutions 
vrith  water,  transparent  with  alcohol ;  soluble 
in  alkalis;  with  nitric  add  converted  into 
tannin ;  strong  smell ;  brittle,  opaque^  infn- 
sible. 

26.  CoUon.  Composed  of  fibres;  taste- 
less; very  combustible;  insoluble  in  vrstcr, 
alcohol,  and  ether;  soluble  in  alkalis;  yields 
oxalic  add  to  nitric  add. 

27.  Suber,  Burns  bright,  and  swdh; 
converted  by  nitric  add  into  suberic  add 
and  wax ;  partially  soluble  in  water  and  aU 
cohol. 
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88.  Wood,  Composed  of  fibres;  taste- 
less ;  insoluble  in  ivater  and  alcohol ;  soluble 
in  weak  alkaline  liziTium;  precipitated  by 
adds;  leares  much  charcoal  when  distilled 
in  a  red  heat;  soluble  in  nitric  acid,  and 
yields  oxalic  acid. 

To  the  preceding  we  may  add,  emetin, 

fungin,  hematin,  nicotin,  pollentn,  solantne, 

.caffein,  narcotine ;  the  new  vegetable  alkalis, 

.aconita,  atropia,   brucia,   cinchonia,   ciruta, 

.datura,  delpbia,  hyosciama,  morphia,  picro- 

toxia,  qutnia,  corydalia,  guarania,  strychnia, 

▼eratria;   and   the  various  vegetable  adds 

enumerated  under  the  general  article  AOD. 

MM.  Dumas  and  Pelletier  published  a 
memdr  on  the  elementary  composition  and 
.  certain  characteristic  properties  of  the  organic 
salifiable  bases  (vegeto-alkalis),  in  the  24ith 
volume  of  the  jinnal.  de  Chim»  et  de  Pkys, 
p.  163.  which  was  read  to  the  Academy  of 
Sciences  dth  May  182a  The  following  is  a 
tabular  view  of  the  relations  of  carbon  and 
asote  in  these  alkaline  bodies. 


Cut)onle  acid. 

Aiote. 

Quinia, 

100 

5.1 

Cinchonia, 

100 

5.0 

Strychnia, 

100 

4.9 

Narcotine, 

100 

4.5 

Brudna, 

120 

5.0 

Morphia, 

100 

&2 

Veratria, 

100 

3.2 

Emetin, 

100 

3.1 

Caffein, 

100 

20.0 

3^  Robiquet  has  on  more  than  one  occa- 
Hon  stated  his  doubts  of  the  pre-existence  oi 
organic  alkalis  in  vegetables;  and  he  con- 
jectures that  they  were  produced  by  the  re- 
action of  alkaline  substances  on  certain  im- 
mediate products  of  plants,  and  more  parti- 
cularly on  what  may  be  named  the  resinous 
prindple  or  rerinoide.  The  ammonia  exist- 
ing in  many  vegetables  may  be  supposed  to 
be  an  active  agent  in  such  a  transformation. 
^Jnnales  de  Ckimie,  xxxi.  67. 

VEGETATION  (SALINE).  Aspedes 
of  crystalline  film  that  shoots  up  spontaneous- 
ly from  the  edges  of  a  solution  of  crystalliz- 
able  matter,  such  as  salt,  camphor,  &c 

Salts,  particularly  the  metallic,  vegetate  on 
the  side  most  exposed  to  the  light. 

This  phenomenon  is  so  striking,  that  in  the 
space  of  a  few  days,  and  frequently  even 
within  one  single  day,  the  salt  rises  several 
lines  above  the  liquor  upon  the  enlightened 
surface,  while  there  does  not  appear  the 
smallest  crust  or  edge  on  the  dark  part  Tlie 
sulphates  of  iron,  of  zinc,  and  other  metals, 
XXkor^  especially  present  this  appearance. 

This  phenomenon  may  be  rendered  still 
more  interesting,  by  directing  the  vegetation 
at  pleasure  toward  the  different  parts  of  the 
vessel.  For  this  purpose,  nothing  more  is 
required  than  to  cover  the  several  parts  in 
succession.     For  the  vegetation  always  takes 


place  in  the  enlightened  parts,  and  quickly 
ceases  in  that  which  is  covered. 

VEINS.  The  ores  of  metals  are  frequent- 
ly found  to  fill  certain  clefts  in  mountains. 
These  masses,  when  they  run  out  in  lengtl^ 
are  called  vdns.  Inconsiderable  veins,  which 
diverge  from  the  prindpal,  are  called  sh'ps ; 
and  sudi  masses  of  ore  as  are  of  considerable 
magnitude,  but  no  great  length,  are  called 
bellies,  or  stock-works. 

VERATRIA.  A  new  vegetable  alkali, 
discovered  lately  by  MM.  Pdletier  and  Ca- 
ventou,  in  the  f}eratrum  sabatilla  or  cevadilla, 
the  veratrum  album  or  white  hdlebore,  and 
the  colchictim  auiumnale  or  meadow  saffron. 

The  seeds  of  cevadilla,  after  l)eing  freed 
firom  an  unctuous  and  acrid  matter  by  ether, 
were  digested  in  boiling  alcohol.  As  this 
infusion  cooled,  a  Uttle  wax  was  deposited'; 
and  the  liquid  being  evaporated  to  an  extract, 
redissolvcd  in  water,  and  again  concentrated 
by  evaporation,  parted  with  its  colouring 
matter.  Acetate  of  lead  was  now  poured 
into  the  solution,  and  an  abundant  yellow 
predpitate  fell,  leaving  the  fluid  nearly  co- 
lourless. The  excess  of  lead  was  thrown 
.down  by  sulphuretted  hydrogen,  and  the 
filtered  liquor  bdng  concentrated  by  evapora- 
tion, was  treated  with  magnesia,  and  again 
.filtered.  The  predpitate,  boiled  in  alcohol, 
gave  a  solution,  which,  on  evaporation,  left  a 
pulverulent  matter,  extremely  tntter,  and 
with  decidedly  alkaline  characters.  It  was 
at  first  yellow,  but  by  solution  in  alcohol, 
and  precipitation  by  water,  was  obtained  in  a 
fine  white  powder. 

The  precipitate  by  the  acetate  of  lead  gave, 
on  examination,  gallic  add ;  and  hence  it  is 
concluded  that  the  new  alkali  existed  in  the 
seed  as  a  gallate. 

Veratria  was  found  in  the  other  plants 
above  mentioned.  It  is  white,  pulverulent, 
has  no  odour,  but  excites  violent  sneezing. 
It  is  very  acrid,  but  not  bitter.  It  pro- 
duced violent  vomiting  in  very  small  doses, 
and,  according  to  some  experiments,  a  few 
grains  may  cause  death.  It  is  very  little 
soluble  in  cold  water.  Boiling  water  dis- 
solves about  1-lOOOth  part,  and  becomes 
acrid  to  the  taste.  It  is  very  soluble  in  al- 
cohol, and  rather  less  soluble  in  ether.  It 
fuses  at  122^  Fahr.  and  then  appears  like 
wax.  On  cooling,  it  becomes  an  amber- 
coloured  translucent  mass.  Heated  more 
highly,  it  swells,  decomposes,  and  bums. 
Decompose^  by  oxide  of  copper,  it  gave  no 
trace  of  azote.  It  acts  on  test  papers  like  an 
alkali,  and  forms  salts  uncrybtallizable  by 
evaporation.  The  salts  appear  like  a  gum. 
The  supersulphate  only  seems  to  present 
crystals.  Strong  solutions  of  these  salts  are 
partially  decomposed  by  water.  Veratria 
falls  down,  and  the  solution  becomes  add« 
The  bisulphate  appears  to  consist  of.— > 
Veratria,  9&723      100  . 

Sulphuric  acid,     6.227  6.6441 
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l^e  muriaie  is  compoied  pf— 

Ventria,  95.8606     100 

Muriatic  acid,      4.1394        4.3181 
.    lodijie  and  chlorine  produce  with  veratria 
an  iodate»  hydriodatei  chloridet  and  muriate. 
VERDIGRIS.     A  crude  acetate  of  cop- 
per. 


dfanUy  atiwked  t  glialRiiiig  Til 
cleavage  isaperi^ct,  but  in  the 
diagonab;  ftacture  amall  gnmed 
tramlucent;  reftncts  double; 
■par;  brittle;  ap.  gr.  as  to  &4:  it 
electrical  by  friction :  before  ^bm  btowpipe  it 
melti,  witlwut  addition,  into  a  yellowiab  aai 


lowing  analyais  of  Tcrdigris. 

n«nch. 

EagUdL 

AoeUc  add,                    29.3 

29.62 

Peroxide  of  copper,        43w5 

44.25 

Water,                            25.2 

25.51 

Impurity,                        2.0 

0.62 

Mr  Phillips  has  lately  pubUtbed  the  fU-     fluntly  translucent  gtess.     Ito 

aie,  silica  35.5,  lime  33,     ~ 
oxide  of  iron  7.4  oxide  of 
loss  I.5.— JftopmCft*     It  occurs  in 
able  abundance  in  unaltered  ^ected  rotkM, 
the  Ticinity  of  Vesuiius. 
▼wriety  is  ftmnd  at  Sonland,  in  TeDcntfk 
Norway.     At  Naples  it  la  cut  into 

100.0    loaoo 

PhUUpi*  Annaii,  No.  21. 
VERDITER  is  a  blue  pigment,  obtained 
by  adding  chalk  or  whiting  to  the  solution  of 
copper  in  aquafortis.  Dr  Merret  says,  that 
it  is  prepared  in  the  following  manner  :-*— A 
quantity  of  whiting  is  put  into  a  tub,  and 
upon  this  the  solution  of  the  copper  is  poured. 
Hie  mixture  is  to  be  stirred  every  day  for 
some  hours  together,  till  the  liquor  loam  its 
colour.  The  liquor  is  then  to  be  poured  off, 
and  more  soludon  of  copper  is  to  be  added. 
This  is  to  be  repeated  till  the  whiting  has  ac- 
quired the  proper  colour.  Then  it  is  to  be 
spread  on  large  pieces  of  chalk,  and  dried  in 
the  sun. 

It  appears  from  M.  Pelletier*s  analysis, 
that  100  grains  of  the  very  best  verditer  con- 
tain, of  carbonic  add  30,  of  water  3J-,  of 
pure  lime  7,  of  oxygen  9^,  and  of  pure  cop- 
per 50.  The  author  remarks,  that  the  verdi- 
tcrs  of  inferior  quality  contain  more  chalk 
and  lees  copper. 

VERJUICE.  A  kind  of  hatsh  austere 
vinegar,  made  of  the  expressed  juice  of  the 
wild  apple,  or  crab.  The  FVench  give  this 
name  to  unripe  grape%  and  to  the  sour  liquor 
obtained  from  them. 

VERMILION.  The  red  sulphuiet  of 
mercury,  or  dnnabar. 

VESSELS  (CHEMICAL).      See  La. 

fiO&ATORY. 

VESUVIAN.  /<focraseofHauy;asub- 
apcdes  of  pyramidal  garnet.  Colours  green 
And  brown ;  massive,  disseminated,  and  crys- 
tallised. Primitive  form  a  pyramid  of  129o 
SO'  and  74<>  12^:  The  following  secondary 
forms  occur,-- a  rectangular  four-sided  prism 
variously  acuminated,  bevelled  or  truncated ; 
the  latoal  planes  of  the  prism  are  longitu- 


VINEO AR.  See  FEEMBMTATKnr  (. 
TOUs);  and  also  AczD  (AcEnc),  where 
mode  of  making  it  is  given* 

VINEGAR    FROM   WOOD. 
lignotts  add. 

VINEGAR  OF  SATURN, 
of  acetate  of  lead. 

VINEGAR  (RADICAL). 
VIOLINA.     A  snppesed 
alkali,  thought  to  exist  in  the  vUa 
It  has  properties  analogous  to 
may  be  extracted  from  &e  toot,  Icsvei^ 
ers,  and  seeds  of  the  plant.-^Jbttfw.  dir  Pkarm. 
Jan.  1824. 

VITAL  AIR.     Oxygen. 
VITRIFICATION.     See  GukS;  aba 
Silica. 

VITRIOL,  (blue,  green,  wd,  cAate). 
Oees  of  CoFPER,  Iron,  Cobalt,  &nc 
VITRIOLIC  ACID.     Sulphuric 
VI VI ANITE.     Fhoaphate  of  iron. 
VOLATILE  ALKALL     Ammons. 
VOLATILITY.    The  property  of  bofias 
by  which  they  are  dispoaed  to  assume  ths 
vaporous  or  elastic  state,  and  quit  the  vesseb 
in  which  they  are  placed. 

VOLCANOE&     See  Use's  Gbqlogt, 
Book  III.  Chap.  ii. 

VOLCANITE.  Augite. 
VULPINITE.  Colour  greyfidi-whae; 
massive ;  splendent;  fracture  foliated ;  frsg- 
ments  rhomboidal ;  in  distinct  granular  con- 
cretions; translucent  on  the  edges;  soft; 
brittle;  sp.  gr.  2.878:  it  mdts  easily befeie 
the  blowpipe  into  a  white  opaque  enamd. 
Its  constituents  are,  sulphate  o>f  lime  98,  sifioi 
8.  It  occurs  along  with  granular  foKstcd 
limestone  at  Vulpino  in  Italy; 


W 


WACKE.  A  minerml  substance  inter- 
mediate between  clay  and  basalt  It  is  some- 
times  simple ;  but  tHien  it  inclines  to  basalt^ 
it  ooDtsins  hornblende  and  mica.  It  is  some- 
times spotted,  and  these  spots  are  unformed 
crystals  of  hornblende^  resembling  the  un- 


formed crystals  of  felspar  in  certain  rsriclia 
of  porphyry.  It  never  contains  augite  sr 
olivine.  When  it  iqiproaches  to  an  amjgds* 
loid,  it  is  vesicular.  Its  colour  is  greedali- 
grey ;  massive  and  vesicular ;  dull ;  opaque; 
aht»k  shining ;  soft ;  easily  frangible ;  sp.  gr. 
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2.55  to  2.9:  Aims  like  baadt  It  flddom 
oontBios  petrifactkms.  It  ocohfb  loinetiiiMS 
ip  beds  and  veins;  and  these  veins  contain 
▼ery  small  portions  of  ores  of  different  kinds, 
as  bismuth,  silver-^lance^  and  magnetic  iron^ 
stone. 

WADD.  Tbia  name  is  given  to  pLnin- 
bago,  or  black  lead. 

WADD,  BLACK.  An  ore  of  manga- 
nese found  in  Derbyshire.  It  is  reauurkaUe 
for  the  property  of  taking  ire  when  mixed 
with  linseed  oil. 

WAGN£RITE.     One  of  the  rarest  of 
mineral  species.      It  resembles  in  colour, 
transparence  and  lustre,  the  Brazilian  topai, 
with  which  it  was  formerly  confounded.    It  is 
easily  scratched  with  a  knife,  and  the  streak  is 
white  ;  sp.  gr.  3.01  :  fracture  in  a  direction 
transverse  to  the  prism ;  is  uneven  and  splin* 
tery :  its  form  is  derivable  Irom  an  oblique 
rfaombicpriam ;  most  of  the  planes  of  the  prism 
are  strongly  striated ;  the  others  are  more  or 
lessbrilliaBC    It  is  found  in  Che  valley  called 
Hollgrabeo,  near  Werlen  in  Salsbcng,  in 
small  veins  of  quartz  in  day-slate.     Its  con- 
stituents, according  to  Facbs,  are^  phosphotic 
acid  4-1.73,  fluoric  acid  6.50,  magnesia  46.^ 
oxide  of  iron  5.00;,  oxide  of  manganese  0.50. 
WASH.     The  technical  term  for  the  for* 
mented  liquor,  of  whatever  kind,  from  which 
spirit  is  intended  to  be  distiUed.     See  Aux>- 
BOL  and  DcrriLLATiON. 
.   WATER.      It  is  scarcely  necessary  to 
give  any  definition  or  description  of  thb  uni- 
versally known  fluid.     It  is  a  very  transpa> 
rent  fluid,  possessing  a  moderate  degree  of 
activity  with  regard  to  organized  substances, 
which  renders  it  ftiendly  to  animal  and  vege- 
table life,  for  both  which  it  is  indeed  indis- 
peftsably  necessary.  Hence  it  acts  but  slightly 
on  the  organs  of  sense^  and  is  therefore  said 
to  have  neither  taste  nor  smeH.     It  appean 
to  possess  considerable  elasticity,  and  yieUs 
in  a  perceptible  degree  to  the  presaure  of  air 
in  the  condensing  machine,  as  Canton  proved^ 
by  including  it  in  an  open  glass  vessel  with  a 
narrow  neck* 

The  solubility  or  insolubility  of  bodies  in 
this  fluid  composes  a  large  part  of  the  science 
of  chemistry.     See  Salt. 

The  habitudes  of  water  with  heat  have 
been  detailed  under  Caloric  and  Tempera-' 
ture. 

Water  is  not  only  the  common  measure  of 
specific  gravities,  but  the  tables  of  these  may 
be  usefully  employed  in  the  admeasurement 
of  irr^ular  solids ;  for  one  cubic  foot  is  very 
nearly  equal  to  1000  ounces  avoirdupois. 
The  numbers  of  the  table  denoting  the  speci- 
fic gravities,  do  therefore  denote  likewise  the 
number  of  ounces  avoirdupois  in  a  cubic  foot 
of  each  substance. 

Native  water  is  seldom,  if  ever,  found  per- 
fectly pure.  The  waters  that  fiow  within  or 
iipon  the  surfooe  of  the  earth  contain  various 
earthy,  saline,  metallic,  vegetable,  or  animal 


particlcsb  aooording  to  the  substances  over  or 
through  which  they  pass.  Rain  and  snow 
waters  are  much  purer  than  these,  although 
they  also  contain  whatever  floats  in  tlie  air, 
or  has  been  exhaled  along  with  the  watery 
vapours. 

The  purity  of  water  may  be  known  by 
the  following  marks  or  properties  of  pure 
water:-— 

4.  Pure  water  is  lighter  than  water  that  is 
not  pure. 

2.  Pure  water  is  more  fluid  than  water  that 
is  not  pure. 

3L  It  has  no  colour,  smell,  or  taste. 

4.  It  wets  more  easily  than  the  waters  con- 
taining metallic  and  earthy  salts,  called  hard 
waters,  and  feels  softer  when  touched. 

5.  Soap,  or  a  solution  of  soap  in  alcohoif 
mixes  easily  and  perfectly  with  it 

&  It  is  not  residered  turbid  by  adding  to 
it  a  solution  of  gold  in  aqua  regie,  or  a  sohi- 
lioo  of  silver,  or  of  lead,  or  of  mercury,  in 
nitric  add,  or  a  solution  of  acetate  of  lead  in 


For  the  habitudes  of  vrater  with  saline 
matter,  see  Salt,  and  the  difleivnt  sub- 
stances. 

Water  was,  till  modem  times,  considered 
as  an  elementary  or  simple  substance. 

Previous  to  the  month  of  October  1776^ 
the  celebrated  Macquer,  assisted  by  M.  Si- 
gaud  de  la  Fond,  made  an  experiment  by 
homing  hydrogen  gas  in  a  bottle  without  ex- 
plosion, and  holding  a  white  china  saooer 
over  die  flame.  His  intention  appears  to 
have  been  that  of  ascertaining  whether  any 
fuliginous  smoke  was  produced ;  and  he  ol>« 
serves,  that  the  saucer  remained  perfectly 
clean  and  white,  but  was  moistened  with  per- 
ceptible drops  of  a  clear  fluid,  resembling 
water ;  and  which,  in  fact,  appeared  to  him 
and  his  assistant  to   be  noAing  but  pure 


He  does  not  say  vrfaetlier  any  test 
I^ed  to  ascertain  this  purity,  neither  does  ha 
make  any  remark  on  the  fact* 

In  the  month  of  September  1777,  Mcasrs 
Buquet  and  Lavoisier,  not  being  acquainted 
with  the  feet  which  is  incidentally  and  con- 
cisely mentioned  by  Macquer,  made  an  ex- 
periment to  discover  what  is  produced  by  the 
combustion  of  hydrogen,  lliey  fired  five  or 
six  pints  of  hydrogen  in  an  open  and  wide^ 
mouthed  bottle,  and  instantly  poured  two 
ounces  of  lime  water  dirough  the  flame» 
agitating  the  bottle  during  the  time  theeom* 
bustion  lasted.  The  result  of  this  experi- 
ment showed,  that  carbonic  add  was  not  pro- 
duced, f 

Before  the  month  of  April  1781,  Mr  John 
Warltire»  encouraged  by  Dr  Priestley,  fired 
a  mixture  of  common  air  and  hjrdrogen  gas 


*  Dlctionnaiie  de  Cblmie,9il  edltloa,  Psrii,  1778, 
Alt  Oaa  Inflaminsble,  voL  u.  p.  314, 31^^ 
t  Acad.  Far.  mi,  p.  «70. 
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ID  a  doie  copper  reaael,  and  found  it*  weight 
dimipjahed.  Dr  PriesCley,  likewise,  before 
the  Bame  period,  fired  a  like  mixture  of  hy- 
drogen and  oxygen  gas  in  a  closed  glaia 
vessel,  Mr  Warltire  bdng  present.  ITie  in- 
side of  the  vessel,  though  dean  and  dry  be- 
fore, became  dewy,  and  was  lined  with  a 
sooty  substance.*  These  experiments  were 
afterwards  repeated  by  Mr  Cavendish  and 
Dr  Priestley ;  and  it  was  found,  that  the  di- 
minution of  wdgfat  did  not  take  place,  ndther 
was  the  sooty  matter  perceived,  f  ITiese 
circumstances,  therefore,  must  have  arisen 
from  some  imperfection  in  the  apparatus  or 
materials  with  which  the  former  experiments 
were  made. 

It  was  in  the  summer  of  the  year  1781, 
that  Mr  Henry  Cavendish  was  busied  in  ex- 
amining what  becomes  of  the  air  lost  by  com- 
bustion, and  made  those  valuable  experiments 
which  were  read  before  the  Royal  Society  on 
the  I5th  of  January  1784<.  f  He  burned 
500,000  grain  measures  of  hydrogen  gas, 
with  about  2^  times  the  quantity  of  common 
air;  and  by  causing  the  burnt  air  to  pass 
through  a  glass  tube  dghtfeet  in  length,  135 
grains  of  pure  water  were  condensed.  He 
also  exploded  a  mixture  of  19,500  grain 
measures  of  oxygen  gas,  and  37,000  of  hy- 
drogen, in  a  close  vessel.  The  condensed 
liquor  was  found  to  contain  a  small  portion 
of  nitric  acid,  when  the  mixtiu-e  of  the  air 
was  such,  that  the  burnt  air  still  contained 
a  considerable  proportion  of  oxygen.  In  this 
case  it  may  be  presumed,  that  some  of  the 
oxygen  combines  with  a  portion  of  nitrogen 
present 

In  the  mean  time,  M.  Lavoisier  continued 
his  researches,  and  during  the  winter  of  1781- 
1782,  together  with  M.  Gingembre,  he  filled 
a  bottle  of  six  pints  with  hydrogen,  which 
bdog  fired,  and  two  ounces  of  lime  water 
poured  in,  was  instantly  stopped  with  a  cork, 
throu^  which  a  flexible  tube  communicating 
with  a  vessd  of  oxygen  was  passed.  The  in- 
flammation ceased,  except  at  the  orifice  of  the 
tube  through  which  the  oxygen  was  pressed, 
where  a  beautiful  fiame  appwed.  The  com- 
bustion continued  a  considerable  time,  during 
which  the  lime  water  was  agitated  in  the 
bottle.  Ndther  this,  nor  the  same  experi- 
ment repeated  with  pure  water,  and  with  a 
weak  solution  of  alkali  instead  of  lime  water, 
afforded  the  information  sought  after;  for 
these  substances  were  not  at  all  altered. 


*Prieitlex,T.S95. 

t  PtiU.  Traiu.  Ixxiv.  126L  Dr  Priestley  suppoaed  the 
sooty  matter  to  be  part  of  the  mercury  used  in  filling 
the  venel.~Pbil.  iYan*.  Ixxiv.  338. 

S  M.  Lavoiiier  relates,  that  Dr  Blagden,  Sec.  R.& 
(who  was  present  at  the  performing  oTthe  capital  ex. 
perimeot  of  burning  hyan»en  and  oxygen  gas  In  a 
closed  vestel  on  the  24th  June  i783),  informed  him, 
that  Mr  Cavendish  had  already  done  the  same  thing, 
and  obtained  water.  See  the  Hemuin  of  the  Royal 
Academy  at  Paris  for  1781,  p.  472. ;  also  PhiL  I  rana. 
vol  Ixxiv.  p.  134* 


The  inference  of  Mr  Warltire 
the  moisture  on  the  inside  of  the  glass  in 
which  Dr  Priestley  first  fired  hydrogen  and 
common  air,  was,  that  these  airs,  by  combos^ 
tion,  deposited  the  moisture  Aey  ooataioed. 
Mr  "Watt,  however,  inferred  from  these  ex- 
periments, that  water  is  a  compound  of  the 
burnt  airs,  which  have  given  out  thdr  Itcwi 
heat  by  combustion  ;  and  communicated  his 
sentiments  to  Dr  Priesdey  in  a  letter  dated 
April  26.  ITSa* 

It  does  not  appear,f  that  die  cooipoation 
of  water  was  known  or  admitted  in  France 
till  the  summer  of  1783,  when  M.  Lavc 
and  M.  de  la  Place,  on  the  244h  of  June, 
peated  the  experiment  of  burning  bydiogai 
and  oxygen  in  a  glass  vessel  over  mercury,  in 
a  still  gpneater  quantity  than  had  kieett  bvraed 
by  Mr  Cavendish.  The  result 
five  gros  of  pure  water.  ^  M.  Monge 
a  similar  experiment  at  Paris,  nearly  at  the 
same  time,  or  perhaps  before. 

This  assiduous  and  accurate  pbiloaaphcr 
then  proceeded,  in  conjunction  with  M.  Mens- 
nier,  to  pass  the  steam  of  water  through  a  red- 
hot  iron  tube,  and  found  that  the  iron  was 
oxidized,  and  hydn^en  disengi^ed ;  and  die 
steam  of  water  being  passed  over  a  variety  ot 
other  combustible  or  oxidable  substances,  pro- 
duced similar  results,  the  water  disappearing 
and  hydrogen  bdng  disengaged.     H^ese  ca- 
pital experiments  were  accounted  for,  by  M. 
Lavoisier,  by  supposing  the  water  to  be  de- 
composed Into  Its  component  parts,  oxygen 
and  hydrogen,  the  former  of  which  unitss 
witli  the  ignited  substance,  while  the  latter 
is  disengaged. 

The  grand  experiment  of  the  compoatioB 
of  water  by  Foureroy,  Vauqtielin,  and  Se> 
guin,  was  b^un  on  Wednesday,  May  I9L 
1790,  and  was  finished  on  Friday  the  SSdof 
the  same  month.  The  combustioo  was  kept 
up  185  hours  with  little  interruption,  during 
which  time  the  machine  was  not  quitted  lor 
a  moment.  The  experimenters  alternately 
refreshed  themselves  when  fitfigued,  by  lyii^ 
for  a  few  hours  on  mattresses  in  the  labon- 
tory. 

To  obtain  the  hydrogen,  1.  Zinc  was 
melted  and  rubbed  into  a  powder  in  a  vciy 
hot  mortar.  2.  This  metal  was  dissolved 
in  concentrated  sulphuric  acid  diluted 
seven  parts  of  water.  The  air  procured 
made  to  pass  through  caustic  alkali.  To 
obtain  the  oxygen,  two  pounds  and  a  half  of 
crystallized  liyper-4>xymuriate  of  potash  were 
distilled,  and  the  air  was  transferred  through 
caustic  alkali. 

The  volume  of  hydrogen  employed 


•  PhiL  Tma.  vol  Ixxiv.  p.  SSO. 

f  Compare  PhiL  Trans.  toL  Ixxiv.  p.  ISg,  with  die 
MemoArt  of  the  Koyal  Academy  at  Psrif  fv  17S1, 
pages  472.  and  474. 

f  llie  ounce  polds  de  marc  bdng  47S.2  grains  ttor. 
this  quantity  will  be  Sd5  fiigUdi  grahu. 
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86863.568  cubic  inches,  and  the  weight  was 
1039.358  grains. 

The  volume  of  oxygen  was  12570.912, 
and  the  wdgfat  was  6209.869  grains. 

The  total  weight  of  both  elastic  fluids  was 
7249.227. 

The  weight  of  water  obtained  was  7244* 
grains,  or  12  ounces  4  gros  45  grains. 

The  weight  of  water  which  should  have 
been  obtained  was  12  ounces  4  gros  49.227 
grains. 

The  deadt  was  4  227  grains. 

The  quantity  of  azotic  air  before  the  expe- 
riment was  415.256  cubic  inches,  and  at  the 
dose  of  it  467.  The  excess  after  the  expe- 
riment was  consequently  5 1 .  744  cubic  inches. 
This  augmentation  is  to  be  attributed,  the 
academicians  think,  to  the  small  quantity  of 
atmospheric  air  in  the  cylinders  of  the  gaso- 
meters at  the  time  the  other  airs  were  intro- 
duced. These  additional  51  cubic  inches 
could  not  arise  from  the  hydrogen,  for  expe- 
riment showed  that  it  contained  no  axotic  air. 
Some  addition  of  thb  last  fluid,  the  experi- 
menters think,  cannot  be  avoided,  on  account 
of  the  construction  of  the  machine. 

Hie  water  being  examined,  was  found  to 
be  as  pure  as  distilled  water.  Its  specific  gra* 
rity  to  distUled  water  was  as  18671 :  18670. 

The  decomposition  of  water  is  most  ele- 
gantly effected  by  Electricity  ;  which  see. 

The  composition  of  water  is  best  demon* 
strated  by  exploding  2  volumes  of  hydrogen 
and  1  of  oxygen,  in  the  eudiometer,  lliey 
disappear  totally,  and  pure  water  results.  A 
cubic  inch  of  this  liquid  at  60°,  weighs  252.52 
grains,  consisting  of 

28.06  grains  hydrc^^en,  and    ' 
224.46  oxygen. 

The  bulk  of  the  former  )  ^^^  ^^^  .^^^^ 

gas  IS  i 

That  of  the  latter  is  662 

1987 

Hence  there  is  a  condensation  of  nearly 
two  thousand  volumes  into  one;  and  one  vo- 
lume of  water  contains  662  volumes  of  oxy- 
gen. The  prime  equivalent  of  water  is  1. 125 ; 
composed  of  a  prime  of  oxygen  =s  1.0  •4-  a 
prime  of  hydrogen  =:  0. 125 ;  or  9  parts  by 
weight  of  water  consist  of  8  oxygen  •4-  1  hy- 
drogen. 

WATER  OF  CRYSTALLIZATION. 
Many  salts  require  a  certain  proportion  of 
water  to  enable  them  to  retain  the  crystalline 
form,  and  this  is  called  their  water  of  crystal- 
lisation. Some  retain  tliis  so  feebly,  that  it 
flies  off  on  exposure  to  the  air,  and  they  fall 
to  powder.  These  are  the  eflSorescent  salts. 
Others  have  so  great  an  affinity  for  water, 
that  tlieir  crystals  attract  more  from  the  air, 
in  which  they  dissolve.  These  are  the  deli- 
quescent 

WATERS  (MINERAL).  The  exami- 
nation of  n^ineral  waters,  with  a  view  to  as- 


certain their  ingredients,  and  thence  their  me- 
dicinal qualities,  and  the  means  of  compound* ' 
ing  them  artificially,  is  an  object  of  consider- 
able importance  to  society.  It  is  likewise  a 
subject  which  deserves  to  be  attended  to,  be- 
-  cause  it  affords  no  mean  opportunity  for  the 
agreeable  practice  of  chemical  skill.  But 
this  investigation  is  more  especially  of  impor- 
tance to  the  daily  purposes  of  life>  and  the 
success  of  manufiMtures.  It  cannot  but  be 
an  interesting  object,  to  ascertain  the  com- 
ponent parts  and  qualities  of  the  waters  daily 
consumed  by  the  inhabitants  of  large  towns 
and  vicinities.  A  very  minute  portion  of 
unwholesome  matter,  duly  taken,  may  con- 
stitute the  principal  cause  of  the  differences 
in  salubrity  which  are  observable  in  different 
places.  And  with  regard  to  manufactures, 
it  is  well  known  to  the  brewer,  the  paper- 
maker,  the  bleacher,  and  a  variety  of  other 
artists,  of  how  much  consequence  it  is  to  them, 
that  this  fluid  should  either  be  pure,  or  at 
least  not  contaminated  with  such  principles 
as  tend  to  injure  the  qualities  of  the  articles 
they  make.  This  analysis  has  accordingly 
employed  the  attention  of  the  first  chemists. 
Bergmann  has  written  an  express  treatise  on 
the  subject,  which  may  be  found  in  the  first 
volume  of  the  English  translation  of  his  Es- 
says. Kirwan  published  a  valuable  volume 
on  the  analysis  of  waters. 

The  topography  of  the  place  where  these 
waters  rise  is  the  first  thing  to  be  considered. 
By  examining  the  oose  formed  by  them,  and 
the  earth  or  stones  through  which  they  are 
strained  and  filtered,  some  judgment  may  be 
formed  of  their  contents.  In  filtering  through 
the  earth,  and  meandering  on  its  surface,  they 
take  with  them  particles  of  various  kinds, 
which  their  extreme  attenuation  renders  ca- 
pable of  being  suspended  in  the  fluid  that 
serves  for  their  vehicle.  Hence  we  shall  some- 
times find  in  these  waters  siliceous,  calcareous, 
or  argillaceous  earth ;  and  at  other  times, 
though  less  frequently,  sulphur,  magnesian 
earth,  or,  from  the  decomposition  of  carbo- 
nated iron,  ochre. 

The  following  are  the  ingredients  that  may 
occur  in  mineral  waters :— 

1.  Air  is  contained  in  by  far  the  greater 
number  of  mineral  waters :  its  proportion  does 
not  exceed  l-28th  of  the  bulk  of  the  water. 

2.  Oxygen  gas  was  first  detected  in  waters 
by  Scheele.  Its  quantity  is  usually  incon- 
siderable; and  it  is  incompatible  with  the 
presence  of  sulphuretted  hydrogen  gas,  or 
iron. 

3.  Hydrogen  gas  was  first  detected  in 
Buxton  water  by  Dr  Pearson.  Af^rward 
it  was  discovered  in  Ilarrowgate  waters  by 
Dr  Garnet,  and  in  those  of  Lcmington  Priors 
by  Mr  Lambe. 

4w  Sulphuretted  hydrogen  gas  constitutes 
the  most  conspicuous  ingredient  in  those 
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wtteri  which  an  ditdiigunlied  by  tfa«  name 
c^bcpfttic  tfr  sulpburoua. 

The  only  Mids  hitherto  ftrand  in  wwten, 
except  in  cotnbinadon  with  a  base»  are  tlie 
carixmicy  sulphnrie,  and  bomde. 

5.  Gttbonic  add  was  first  diaeofered  in 
Pynnont  water  by  Dr  Brownrigg.  It  is  the 
most  oomtnon  ingredient  in  mineral  waters, 
100  cubic  inches  of  the  water,  generally  coo* 
taining  fVom  6  to  40  cubic  inches  of  this  acid 
gas.  According  to  Westmmb»  100  cubic 
inches  of  Pyrmont  water  contain  187  cubic 
inches  of  it,  or  almost  double  its  own  buHc. 

6.  Sulphurous  add  has  been  obserred  in 
sereral  of  the  hot  mineral  waters  in  Italy, 
which  are  in  the  neighbourhood  of  volcanoes. 

7.  Ihe  boracic  add  has  also  been  obaerred 
in  some  lakes  in  Italy. 

The  only  alkali  which  has  been  observed 
in  mineral  waters,  uncombined,  is  soda ;  and 
the  only  earthy  bodies  are  silex  and  lime. 

a  Dr  Black  detected  soda  in  the  hot  mi. 
neral  waters  of  Geyser  and  Ryknm  in  Ice- 
land;  but  in  most  other  cases  the  soda  is 
combined  with  caibooic  add. 

9.  Sfex  was  first  discovered  in  waters  by 
Beigmann.  It  was  afterwards  detected  in 
those  of  Geyser  and  Rykum  by  Dr  Black, 
and  in  those  of  Karlsbad  by  Klaproth.  Has«> 
lenlVvtfe  otoserfed  it  in  the  waters  of  Pougues, 
as  Brei6  did  in  those  of  Pa.  It  has  been 
found  also  in  many  other  mineral  waters. 

10.  Lime  is  said  to  have  been  found  un- 
combined in  some  mineral  waters ;  but  this 
has  not  been  proved  in  a  satisftictory  manner. 

The  only  salts  hitherto  found  in  mineral 
waters  are  the  following  ;--Hni]phates,  nitrates, 
muriates,  carbonates,  and  borates;  and  of 
these  the  caibonates  and  muriates  occur  by 
fSur  most  commonly,  and  the  borates  and  ni- 
traues  most  rardy. 

11.  Sulphate  of  soda  is  not  uncommon, 
espedally  in  those  mineral  waters  which  are 
distinguished  by  the  epithet  iaUne. 

12.  Sulphate  of  ammonia  is  found  in  mi« 
neral  waters  near  volcanoes. 

13.  Sulphate  of  lime  is  exceedingly  com* 
mon  in  water.  Its  presence  seems  to  have 
been  first  detected  by  Dr  Lister  in  1062. 

14.  Sulphate  of  magnesia  is  almost  con- 
stantly an  ingredient  in  those  mineral  waters 
which  have  purgative  properties.  It  was  de* 
tected  in  Epsom  waters  in  1610,  and  in  1696 
Dr  Grew  published  a  treatise  on  it. 

15.  Alum  is  sometimes  found  in  mineral 
whters,  but  it  is  exceedingly  rare. 

16.  Sulphate  of  iron  occurs  sometimes  In 
volcanic  mineral  waters,  and  hai  even  been 
observed  in  other  places. 

1 7.  ^Iphate  of  copper  is  only  found  in  the 
waters  which  issue  ttmn  copper  mines. 

18.  Nitre  has  been  found  in  some  springs 
in  Hungary,  but  it  is  exceedingly  uncommon. 

19.  Nitrate  of  lime  was  fint  detected  in 
water  by  Dr  Home,  of  Edinburgh,  in  1756. 


to 


It  is  aaid  to  occur  in 
sandy  daaerta  of  Arabia. 

2a  Nitnta  of 
been  found  in  aan  _ 

21.  Muriate  of  potiidi  is 
it  has  lately  been  discovered  in  the 
springs  of  UUeaboiig  in  Swedeo  by  Julia 

22.  Muriate  of  soda  is  so  cxtmnely  oc 
mon  in  mtaieral  waters,  that  hardly  a  di^gie 
spring  has  been  analyasd  witfaoat 
some  of  it. 

28.  Muriate  of  amnwia  is 
but  it  has  been  found  in 
in  Italy  and  Siberia. 

24b  Muriate  of  baryta  is  stiU 
mon,  but  its  presence  in  mincnd 
been  announced  by  Bergmana. 

25  and  26.  Muriates  of  lime  and 
are  common  iogredienta. 

27.  Muriate  of  alumiaa  haa  been 
by  Dr  Withering,  but  it  is  very  u 

2S»  Muriate  of  maoganeae 
by  Beigmannasi 
nleral  waten.     It  has  been  lately 
Lambe  in  the  waters  of 
but  in  an  extreoKly  Bmiled 

29l  lliepresenoe 
mineral  wateia  hastiecn  mentioned  by 
dicmists:  if  it  dooocmv  itmnstbaiaaveiy 
small  praportum* 

SO.  Cartxmateofaodaisb  periiaps,  one  of 
die  most  ciMkimon  ingredients  of  tfaoe  liqoidi^ 
if  we  except  cooamoo  salt  and  carbonate  ef 
ttmob 

31.  Curbonateof  aaomonia  has  besa  dis- 
covered in  waters,  but  it  is  uncommon. 

32.  Carbonate  of  lime  is  found  in  almast 
all  watersi  and  is  usually  hdd  in  soiation  by 
an  excess  of  add.  It  iqipears  from  the  dif. 
ferent  experiments  of  chemista,  as  slated  bt 
Mr  Kirwan,  and  eqpedally  fimn  those  of 
Berthollet,  that  water  saturated  with  cariKmic 
add  is  capable  of  holding  in  solution  0.002 
of  carbonate  of  lime.  Now,  water  aatunted 
with  carbonic  ad{|,  at  the  temperature  of  50>, 
contains  very  neariy  0.002  of  its  weight  of 
carbonic  add.  Hence  it  follows  that  cariio- 
nic  add,  when  present  in  such  quantity  m  to 
saturate  waters,  is  c^iabie  of  holding  its  own 
weight  ofcariMmate  of  lime  in  sohition.  Thus 
we  aee  1000  pans  by  wdght  of  water,  when 
it  contdns  two  parts  of  carbonic  add,  b  ca- 
pable  of  dissolving  two  parts  of  cailioaate  of 
nme.  When  the  proportion  of  water  is  in- 
creased, it  is  capable  of  holding  the  cartMnate 
of  lime  in  solution,  even  when  the  proportion 
of  cari>onic  acid  united  with  it  is  dtm;ri.-.p^,^^ 
Thus  24,000  parts  of  water  are  capable  of 
holding  two  parts  of  carixmate  of  lime  in  so- 
lution, even  when  they  contain  only  one  part 
of  carbonic  add.  The  greater  the  proponion 
of  water,  the  smaller  proportion  of  cariionic 
add  is  necessary  to  keep  the  lime  in  solution ; 
and  when  the  water  is  increased  to  a  certain 
pniportioa,  no  sensihle  excess  of  carbonic 
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add  is  ncceMary.  It  ought  to  be  mnirkcd 
also^  that  water,  howeter  small  a  quantity  of 
carfoouic  add  it  cootains^  is  capable  of  holding 
carbonate  of  lime  in  solution,  provided  the 
weight  of  the  carbonic  acid  present  exceed 
that  of  the  lime.  These  obserrationB  apply 
equally  to  the  other  earthy  caibonates  held  in 
solution  by  mineral  waters. 

33L  Carbonate  of  magnesia  Is  also  very 
common  in  mineral  waters,  and  is  almost 
always  accompanied  by  caibonate  of  lime. 

34h  Carbonate  of  alumina  is  said  Co  have 
been  found  in  waters ;  but  its  presence  has  not 
been  properly  ascertained. 

35.  Carbonate  of  iron  is  by  no  means  un- 
common ;  indeed  it  forms  the  roost  remark- 
able ingredient  in  those  waters  which  are  dis- 
tinguished by  the  epitliet  of  chafybeate. 

3G.  Bonx  exists  in  some  lakes  in  Persia 
and  Thibet ;  but  the  nature  of  these  waters 
has  not  been  ascertained. 

37  and  38.  The  hydrosulpburets  of  lime 
and  of  loda  have  been  frequently  detected  in 
those  waters  which  are  called  sulphurous,  or 
hepatic. 

Mr  Westrumb  says,  that  all  sulphurous 
waters  contain  more  or  less  hydrosulphuret  of 
lime. 

To  detect  this  he  boiled  the  mineral  water, 
excluding  the  contact  of  atmospheric  air,  to 
expd  the  sulphuretted  hydrogen  gas  and  car* 
bonic  acid.  Into  the  water  thus  boiled  he 
poured  sulphuric  acid,  when  more  sulphuret- 
ted hydrogen  gas  was  evolved,  and  sulphate 
of  lime  was  Sirown  down;  fuming  nitric 
add,  which  separated  from  it  sulphur ;  and 
oxalic  add,  which  expelled  sulphuretted  hy- 
drogen,  and  formed  oxalate  of  lime.  The 
water  evaporated  in  open  vessels  let  fall  sul- 
phate of  Ume,  and  gave  out  sulphuretted  hy- 
drogen gas. 

To  ascertain  the  quantity  of  sulphuretted 
hydrogen  gas  and  carbonic  add,  Mr  West- 
rumb proceeded  as  follows :  He  introduced 
the  sulphurous  water  into  a  matrass,  till  it 
was  filled  to  a  certain  point,  which  he  marked ; 
fitted  to  it  a  curved  tube,  which  terminated 
in  a  long  cylinder ;  filled  this  cylinder  with 
lime  water  fbr  the  one  experiment,  and  with 
acetate  of  lead,  with  excess  of  add,  for  the 
oiher ;  luted  the  apparatus ;  and  boiled  the 
water  till  no  more  gas  was  expelled.  When 
the  lime  water  is  used,  carbonate  of  lime  is 
precipitated  in  the  proportion  of  20  grains  to 
every  1 0  cubic  inches  of  carb<Hiic  add  gas ; 
when  the  solution  of  acetate  of  lead,  hydro- 
sulphuret of  lead  is  thrown  down,  in  the 
proportion  of  19  grains  to  10  cubic  inches  of 
sulphuretted  hydrogen  gas. 

Beside  these  substances,  certain  vegetable 
and  animal  matten  have  been  occarionally 
observed  in  mineral  waters.  But  in  most 
cases  these  ara  rather  to  be  considered  in  the 
light  of  acddental  mixtures,  than  of  real  com- 
ponent parts  of  the  waters  in  which  they  occur. 


From  this  synoptical  view  of  the  dii 
ingredients  contained  in  mineral  waters,  it  is 
evident  that  these  substances  occur  in  two 
different  distinct  states:  viz.  1.  as  being  sus- 
pended in  them ;  and,  2.  as  being  dissolved 
in  them  chiefly  in  the  form  of  a  salt 

The  investigation  of  mineral  waten  con- 
sists^ K  In  the  examination  of  them  by  the 
senses :  2.  In  the  examination  of  them  by 
re-agents:  3,  In  the  analysis  properly  so 
called. 

The  examination  by  the  senses  consists  in 
observing  the  effect  of  the  wdter,  as  to  a]^ 
pearanoe,  smell,  and  tastew 

The  appearance  of  the  water,  the  Instant 
in  which  it  is  pumped  out  of  the  well,  as 
weii  as  after  it  has  stood  for  some  time, 
affords  several  indications,  from  which  we 
ara  enabled  to  form  a  judgment  concerning 
its  contents.  If  the  water  be  turbid  at  the 
well,  the  substances  are  suspended  only,  and 
not  dissolved ;  but  if  the  water  be  clear  and 
transparent  at  the  well,  and  some. time  inter- 
venes before  it  becomes  turbid,  the  contenis 
are  dissolved  by  means  of  carbonic  add. 

The  presence  of  this  gas  b  likewise  indi- 
cated by  small  bobbles,  that  rise  from  the 
bottom  of  the  well,  and  burst  in  the  air  while 
they  are  making  theur  escape,  though  the 
water  at  the  same  time  perhiqis  has  not  an 
add  taste.  This  is  the  case,  according  to 
Count  Raxouroowski,  with  respect  to  the 
tepid  spring  in  Vallais,  and  the  cold  vltrio- 
lated  chalybeate  springs  at  Astracan.  But 
the  most  evident  proof  of  a  spring  containing 
carbonic  add,  is  the  generation  of  hubbies  on 
the  water  bdng  shaken,  and  their  bursting 
with  more  or  less  noise,  while  the  air  is  mak- 
ing its  escape. 

The  sediment  deposited  by  the  wate^  in 
the  well  is  likewise  to  be  examined :-— if  it  be 
yellow,  it  indicates  the  presence  of  iron  ;  if 
black,  that  of  iron  combined  with  sulphur  ; 
but  chalybeate  waten  bdng  seldom  sulphu- 
retted, the  latter  occurs  very  rardy.  As  to 
the  colour  of  the  water  itself,  there  are  few 
instances  where  this  can  give  any  indication 
of  its  contents,  as  there  are  not  many  sub- 
stances that  colour  it. 

The  odour  of  the  water  serves  chiefly  to 
discover  the  presence  of  sulpliuretted  hydro- 
gen in  it :  such  waters  as  contdn  this  sub- 
sunce  have  a  peculiar  fetid  smell,  somewhlit 
resembling  rotten  eggs. 

The  taste  of  a  spring,  provided  it  be  per- 
fectly ascertained  by  repeated  trials,  may 
affonl  some  useftil  indications  with  respeet 
to  the  contents.  It  may  be  made  very  sen- 
sible, by  tasting  water  in  which  the  various 
salts  that  are  usually  found  in  such  waten 
are  disserved  in  various  proportions.  There 
is  no  certain  dependence,  however,  to  be 
placed  on  this  mode  of  investigation  ;  for  in 
many  springs,  the  taste  of  sulphate  of  soda 
is  disguised  by  that  of  the  sea  salt  united 
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.with  it      The  water  too  ic  not  only  to  be  sulphuretted  hydrogen  gas.     It  reddens  the 

tatted  at  the  spring,  but  after  it  has  stood  for  infunon  of  litmus  fugaciooslj.     IC  bbcfcoM 

some  time.     This  precaution  must  be  partU  paper  dipped  into  a  aolutioD  of  lewi,   and 

euUu-ly  observed  with  respect  to  such  waters  pRdpitates  the  nitrate  of  ailTer  black  «■ 

ms  are  impregnated  with  carbonic  acid ;  for  brown. 

the  other  substances  contained  in  them  make         4.  Alkalis,  and  alkaHne  and  earthy  car. 

no  impression  on  the  tongue^  till  the  carbo-  bonates,  are  distinguished  by  the  Ibllowni^ 

nic  acid  has  made  its  escape  ;  and  it  is  for  tests :«— The  infusion  of  tnnneric,  or  pafier 

the  same  reason  that  these  waters  must  be  stained  with  turmeric,  is  rendered  brown  by 

evaporated  in  part,  and  then  tasted  again.  alkalis ;  or  reddisb4)rown,  if  the  quantity  be 

Though  the  specific  grarity  bf  any  water  minute.  ITiis  change  is  produced  when  tbe 
contributes  but  very  little  towards  determin-  soda  in  water  amounts  only  to  g  /;  ^  pnr^ 
ing  ito  contents,  still  it  may  not  be  entirely  Paper  stained  with  brasil  wood,  or  the  in- 
useless  to  know  the  specific  weight  of  the  fusion  of  brasil  wood,  is  rendered  blue ;  bat 
water,  the  situation  of  the  spring,  and  the  this  change  is  produced  also  by  the  alkaline 
kind  of  sediment  deposited  by  it.  and  earthy  carbonates.     Bergmann   ascer- 

The  ezaminatkm  of  the  water  by  means  of  tained,  that  water  containing  -9^73-  part  of 

reagents  shows  what  they  contain,  but  not  carbonate  of  soda  reddens  paper  stained  with 

bow  much  of  each  principle.     In  many  in^  brasil  wood  blue.     Litmus  paper  reddened 

stances  this  is  as  much  as  the  inquury  de-  by  vinegar  is  restored  to  its  original  blue 

mands ;  and  it  is  always  of  use  to  direct  tbe  colour.     Tliis  change  is  produced  by  the 

proceedings  in  the  proper  analysis.  alkaline  and  earthy  carbonates  also.     When 

It  is  absolutely  necessary  to  make  the  ex-  ^1,^  changes  are  fugacious,  we  may  con- 
periment  with  water  just  taken  up  from  the  elude  that  the  alkaU  is  ammonia, 
spring,  and  afterward  with  such  as  has  been  5^  pjj^^  .n^jg  ^,1^^  in  ^^„  ^^^  ^^^^^ 
exposed  for  some  hours  to  the  open  air ;  and  gj^ng  ,  precipiute  with  muriate  of  magnesia 
aoroeUmes  a  third  essay  is  to  be  made  with  a  ^f^  being  boUed.  Volatile  alkali  may  be 
portion  of  tbe  water  that  has  been  boiled  and  distinguished  by  the  smell ;  or  it  may  be  ob- 
afterward  filtered.  If  the  water  contain  but  1^^^^  in  the  receiver  by  distilling  a  portion 
few  saline  parUdes,  it  must  be  evaporated;  ^f  ^be  water  gently,  and  then  it  may  be  fe- 
es even  the  most  sensible  reagenU  do  not  m  tinguished  by  the  above  tests. 
.  the  least  affect  it,  if  the  salts,  the  presence  g^  Earthy  and  metallic  cartranates  are  pre^ 
of  which  is  to  be  discovered  by  them,  are  cipitated  by  boiling  the  water  containing 
diluted  with  too  great  a  quantity  of  water,  ^bem  ;  except  carbonate  of  magnesia,  which 
Now,  it  may  happen,  that  a  water  shall  be  j^  precipitated  but  imperfectly, 
impregnated  with  a  considerable  number^  7,  Iron  is  discovered  by  the  foHowing 
saline  particles  of  different  kmds,  though  tests:— The  addition  of  Uncture  of  galls  gives 
.  some  of  them  may  be  present  m  too  smaU  ^,4^,  containing  iron,  a  purple  or  bbck 
a  quanUty ;  for  which  reason  the  water  must  ^^i^^^^^  ^his  test  indicates  the  presence  of 
be  examined  a  second  time,  after  havmg  been  ^  ^^  minute  portion  of  iron.  If  the  tinc- 
boUed  down  to  three-fourths.  x,uTe  have  no  effect  upon  the  water,  after 

The  substances  of  which  the  presence  is  boiling,  though  it  colours  it  before,  the  iitm 

discoverable  by  reagents  are,—  jg  i^  jbe  state  of  a  carbonate.    The  foUowing 

1.  Cariionic  acid.  When  this  is  not  com-  observations  of  Westrumb  on  the  colour 
btned  wiUi  any  base,  or  not  with  suflScient  to  ^bich  iron  gives  to  galls,  as  modified  by 
neutralize  it,  tbe  addition  of  lime  water  wiU  ^^^ber  bodies,  dcserre  attention.  A  violet 
throw  down  a  precipitate  soluble  with  effer-  indicates  an  alkaline  carbonate,  or  earthy  salL 
vescence  10  muriatic  acid.  The  infusion  of  jj^^k  purple  indicates  other  alkaline  salts, 
litmus  is  reddened  by  it ;  but  the  red  colour  p^rplish-red  indicates  sulphuretted  hydrogen 
gradually  disappears,  and  may  be  again  re-  Whitish,  and  then  black,  indicates  sul- 
atored  by  the  addition  of  more  of  the  mineral  ph^te  of  lime.  Mr  Phillips  has  Utdy  as- 
water.  When  boiled  it  loses  the  property  of  certained,  that  while  the  iron  is  little  oxided, 
reddening  the  infusion  of  htmus.  Accord-  ^be  presence  of  lime  rather  facilitates  the  ^ 
ing  to  Pfeff,  the  most  sensible  test  of  this  pUcation  of  this  test;  but  tlie  lime  prevents 
.add  IS  acetate  of  lead.  tbe  test  from  acting,  provided  the  iron  be 

2.  The  mineral  acids,  when  present  un-  considerably  oxidised.  The  prussian  alkali 
combined  in  water,  give  the  infusion  of  lit-  occasions  a  blue  precipitate  in  water  contain- 
mus  a  permanent  red,  even  though  the  water  j^^  i^n.  If  an  alkati  be  present,  the  blue 
has  been  boiled.  Bergmann  has  shown,  that  precipitate  does  not  appear,  unless  the  alkaU 
paper  stained  with  litmus  is  reddened  when  j^  saturated  with  an  and. 

dipped  into  water  containing  -^-^  of  sul-         a  Sulphuric  acid  exists  in  waters  that  form 

phuric  acid.  a  precipitate  with  the  following  solutions :— • 

a  Water  containing  sulphuretted  hydro-  Muriate,  nitrate,  or  acetate  of  baryta,  atron- 

gen  gas  is  distinguished  by  the  following  tia,  or  lime,  or  nitrate  or  acetate  of  lead, 
properties : — It  exhales  the  peculiar  odour  of     Of  these  the  most  powerful  bv  far  is  muiiaie 
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of  bvyta*  which  is  capable  of  detecting  tha 
prawnce  of  sulphuric  add  unoombined,  when 
it  does  not  exceed  the  millionth  part  of  the 
water.  Acetate  of  lead  is  next  in  point  of 
power.  ITie  muriates  are  more  powerful 
than  the  nitrates.  The  calcareous  salts  are 
least  powerful.  AH  these  4ests  are  capable 
of  indicating  a  much  smaller  proportion  of 
uncombined  sulphuric  add,  than  when  it  is 
combined  with  a  base.  To  render  muriate 
of  baryta  a  certain  test  of  sulphuric  add,  the 
following  precautions  roust  be  obserred  :~- 
The  muriate  must  be  diluted ;  the  alkalis  or 
alkaline  carbonates,  if  the  water  contain  any, 
must  be  previously  saturated  with  muriatic 
acid;  the  predpitate  must  be  insirfuble  in 
muriatic  add ;  if  boracic  add  be  suspected, 
muriate  of  strontia  must  be  tried,  which  is 
not  predpitated  by  l>oradc  acid.  The  hy- 
drosulphurets  precipitate  barytic  solutions; 
but  their  presence  is  easily  discovered  by  the 
smell. 

9.  Muriatic  add  is  detected  bf  nitrate  of 
silver,  which  occasions  a  white  predpitate^ 
or  a  cloud,  in  water  containing  an  exceed- 
ingly minute  portion  of  this  acid.  To  ren- 
der this  test  certain,  the  following  precau- 
tions are  nece«ary :-— The  alkalis  or  carbo- 
nates must  be  previously  saturated  with 
nitric  add.  Sulphuric  add,  if  any  be  pre- 
sent, must  be  previously  removed  by  means 
of  nitrate  of  baryta.  The  precipitate  must 
be  insoluble  in  nitric  acid.  Pfaft*  says,  that 
the  mild  nitrate  of  mercury  is  the  most  sen- 
sible test  of  muriatic  acid;  and  that  the 
predpitate  is  not  soluble  in  an  excess  of  anj 
add. 

10.  Boracic  add  is  detected  by  means  of 
acetate  of  lead,  with  which  it  forms  a  pred- 
pitate insoluble  in  acetic  add.  But  to  ren- 
der this  test  certain,  the  alkalis  and  earths 
must  be  previously  saturated  with  acetic  acid, 
and  the  sulphuric  and  muriaUc  adds  remov- 
ed by  means  of  acetate  of  strontia  and  ace- 
tate of  silver. 

11.  Baryta  is  detected  by  the  insoluble 
white  precipitate  which  it  forms  with  diluted 
sulphuric  add. 

12.  Lime  is  detected  by  means  of  oxaKc 
add,  which  occasions  a  white  predpiute  in 
water  containing  a  very  minute  proportion 
of  this  earth.  To  render  this  test  decisive, 
the  following  precautions  are  necessary  :«— 
The  mineral  adds,  if  any  be  present,  must 
be  previously  saturated  with  an  alkali. 
Baryta,  if  any  be  present,  must  be  pre- 
viously removed  by  means  of  sulphuric 
acid.  Oxalic  add  precipitates  magnesia  but 
very  slowly,  whereas  it  precipitates  lime  in- 
stantly. 

13.  Magnesia  and  alumina.  The  pre- 
sence of  these  earths. is  ascertained  by  the 
following  tests  :^Pure  ammonia  precipitates 
them  both,  and  no  other  earth,  provided  the 
carixmic  add  have  been  previously  separated 


by  a  fixed  alkali  and  boiling.     Lime  waier 
precipitates  only  these  two  earths,  provided' 
the  carbonic  add  be  previously  removed,  and 
the  sulphuric  acid  also,  by  means^of  nitrate' 
of  baryta. 

The  alumina  may  be  separated  from  the 
magnesia,  after  both  have  been  precipitated 
together,  dther  by  boiling  tlie  precipitate  in 
caustic  potash,  which  dissolves  the  alumina 
and  leaves  the  msgnesia ;  or  the  precipitate* 
may  be  dissolved  in  muriatic  add,  predpi- 
tated by  an  alkaline  carbonate^  dried  in  the 
temperature  of  100^,  and  then  exposed  to 
the  action  of  diluted  muriatic  add,  which- 
dissolves  the  magnesia  without  touching  the ' 
alumina. 

I4h  Silex  may  be  ascertained  by  evapo- 
rating a  portion  of  water  to  dryness,  and 
redissolving  the  predpitate  in  muriatic  add. 
The  silex  remains  behind  undissolved. 

By  these  means  we  may  detect  the  pre- 
sence of  the  different  substances  commonly 
found  in  waters ;  but  as  they  are  generally 
combined  so  as  to  form  salts,  it  is  necessary 
we  should  know  what  these  combinationa 
are.  '  This  is  a  more  difficult  task,  which 
Mr  Kirwan  teaches  us  to  accomplish  by  the 
following  methods  :•— 

1.  To  ascertain  the  presence  of  the  dif- 
forent  sulphates. 

The  sulphates  which  occur  in  water  are 
seven ;  but  one  of  these,  namely,  sulphate 
of  eoffjyeTf  is  so  uncommon,  that  it  may  be 
excluded  altogether.  TTie  same  remark  ap- 
plies to  sulphate  of  ammonia.  It  is  almost 
unnecessary  to  observe,  that  no  sulphate 
need  be  looked  for,  unless  both  iu  add  and 
base  have  been  previously  detected  in  the 
water. 

Sulphate  of  soda  may  be  detected  by  the 
following  method  I'^Free  the  water  to  be 
examined  of  all  earthy  sulphates,  by  eva- 
poreting  it  to  one-half,  and  adding  lime 
water  as  long  as  any  predpitate  appears. 
By  these  means,  the  earths  will  all  be  pre- 
dpitated except  lime,  and  the  only  remain- 
ing earthy  sulphate  will  be  sulphate  of  lime, 
which  will  be  separated  by  evaporating  the 
liquid  till  it  becomes  concentrated,  and  then 
dropping  into  it  a  little  alcohol,  and,  after 
filtration,  adding  a  little  oxalic  add.  > 

With  the  water  thus  purified,  mix  solu- 
tion of  lime.  If  a  predpitate  appear,  d- 
ther  immediately,  or  on  the  addition  of  a 
little  alcohol,  it  is  a  proof  that  sulphate  of 
potash  or  of  soda  is  present  Which  of  the 
two  may  be  determined,  by  mixing  some  of 
the  purified  water  with  acetate  of  baryta. 
Sulphate  of  baryU  predpiutes.  Filter  and 
evaporate  to  dryness.  Digest  the  residuum 
m  alcohol.  It  will  dissolve  the  alkaline 
acetate.  Evaporate  to  dryness,  and  th^ 
dry  salt  will  deliquesce  if  it  be  acetate  of 
potash,  but  eflHoresee  If  it  be  acetate  of 
soda. 
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riatic  acid,  haTe  likewise  been  reckoned  in 
the  number;  but  aome  of  these  occur  only 
occaaionally,  and  chiefly  in  very  small  quan-> 
titles;  and  are  scarcely  more  entitled  to  be 
considered  as  belonging  to  them  than  gold* 
or  some  other  substances,  that  have  been 
occasionally  procured  from  their  decompo- 
sition. 

The  following  are  the  principal  products 
of  Tegetation  :«— 

1.  Sugar,  Crystallizes;  soluble  in  water 
and  alcohol;  taste  sweet;  soluble  in  nitric 
acid,  and  yields  oxalic  acid. 

2.  SarcocoU,  Does  not  crystallize ;  solu- 
ble in  water  and  alcohol ;  taste  bitter  sweet ; 
soluble  in  nitric  acid,  and  yields  oxalic  acid. 

3.  Asparagin.  Crystallises;  taste  cooling 
and  nauseous;  soluble  in  hot  water;  inso- 
luble in  alcohol ;  soluble  in  nitric  add,  and 
converted  into  bitter  principle  and  artificial 
tannin. 

4.  Gum.  Does  not  crystallize ;  taste  in- 
sipid ;  soluble  in  water,  and  forms  mucilage ; 
insoluble  in  alcohol ;  precipitated  by  silicated 
potash;  soluble  in  nitric  acid,  and  forms 
DBUcous  and  oxalic  adds. 

5.  XJlmin.  Does  not  crystallise;  taste 
insipid  ;  soluble  in  water,  and  does  not  form 
mucilage ;  precipitated  by  nitric  and  oxy mu- 
riatic acids  in  the  state  of  resin;  insoluble 
in  tflcobol. 

'  6.  Inuliiu  A  white  powder;  insoluble 
in  cold  water;  soluble  in  boiling  water;  but 
precipitates  unaltered  after  the  solution  cools; 
insoluble  in  alcohol ;  soluble  in  nitric  add, 
and  yields  oxalic  acid. 

7.  Starch.  A  white  powder;  taste  insi- 
pid ;  insoluble  in  cold  water ;  soluble  in  hot 
water;  opaque  and  glutinous;  predpitaled 
by  an  infusion  of  nut-galls;  predpitate  re- 
dissolved  by  a  heat  of  120°;  insoluble  in 
alcohol;  soluble  in  dilute  nitric  add,  and 
precipiuted  by  alcohol;  with  nitric  acid 
yields  oxalic  acid  and  a  waxy  matter. 

8.  Indigo.  A  blue  powder ;  taste  insipid ; 
insoluble  in  water,  alcohol,  ether ;  soluble  in 
sulphuric  add;  soluble  in  nitric  add,  and 
converted  into  bitter  principle  and  artificial 
tannin. 

9.  Gluten.  Forms  a  ductile  elastic  mass 
with  water ;  partially  soluble  in  water ;  pre- 
dpttated  by  infusion  of  nut-galls  and  oxygen- 
ized muriatic  acid ;  soluble  in  acetic  add  and 
muriatic  add ;  insoluble  in  alcohol ;  by  fer- 
mentation becomes  visdd  and  adhesive,  and 
then  assumes  the  properties  of  cheese ;  solu- 
ble in  nitric  add,  and  yields  oxalic  add. 

10.  Albumen.  Soluble  in  cold  water; 
coagulated  by  heat,  and  becomes  insoluble ; 
insoluble  in  alcohol ;  precipitated  by  infusion 
of  nut-galls;  soluble  in  nkric  add;  soon 
putrefies. 

11.  Fibrin.  Tasteless;  insoluble  in  water 
and  aleoliol ;  soluble  in  diluted  alkalis,  and 
in  nitric  acid ;  soon  putrefies. 


12.  GeloHn.     Insipid;  aofaible  in 
does  not  coagulate  when  heated ;  precipttii' 
ed  by  infusion  of  galls. 

13.  Bitter  principle.  Colour  jelloir  or 
brown;  taste  bitter;  equally  sc^uble  in  water 
and  alcohol ;  soluble  in  nitric  add  ;  pivcips- 
tated  by  nitrate  of  silver. 

14.  Extractive.  Soluble  in  water  and  al- 
cohol; insoluble  in  ether;  prcdpitated  by 
oxygenized  muriatic  add,  muriate  of  tin, 
and  muriate  of  alumina ;  but  not  by  gdaliii ; 
dyes  fawn  colour. 

15.  Tannin.  Taste  astringent;  solnble 
in  water  and  in  alcohol  of  0.810;  predps- 
tated  by  gelatin,  muriate  of  alnminay  nd 
muriate  of  tin. 

16.  Fixed  oils.  No  smell;  insoluble  ua 
water  and  alcohol ;  form  soaps  with  alkafis; 
coagulated  by  earthy  and  metallic  salts. 

17.  Ifax.  Insoluble  in  water;  soluble  in 
alcohol,  ether,  and  oils ;  fbrms  soap  with  al- 
kalis; fusible. 

18.  Volatile  oiL     Strong  smell ;  insoluble 
in  water ;  soluble  in  alcohol ;  liquid  ; 
tile ;  oily ;  by  nitric  add  inflamed,  and 
verted  into  resinous  substances. 

19.  Camphor.  Strong  odour;  oystaHi- 
ses;  very  little  soluble  in  water;  soluble  in 
alcohol,  mis,  adds;  insoluble  in  alkalis; 
bums  witli  a  clear  flame^  and  volatilizes  be- 
fore melting. 

20.  BirdUme.  Viscid;  taste  insipid;  in- 
soluble in  water;  partially  soluble  in  alco- 
hol ;  very  soluble  in  ether ;  solution  green. 

21.  Resins.  Solid;  melt  when  heated; 
insoluble  in  water ;  soluble  in  akobol,  eibcr, 
and  alkalis ;  soluble  in  acetic  add ;  by  nitric 
add  converted  into  artificial  tannin. 

22.  Guaiacum.  Possesses  the  diaraden 
of  resins ;  but  dissolves  in  nitric  acid,  and 
yields  oxalic  add  and  no  tannin. 

23.  Balsams.  Possess  the  characters  of 
the  resins^  but  have  a  strong  smell;  when 
heated,  benzoic  add  sublimes;  it  sMblimw 
also  when  they  are  dissolved  in  salphuric 
add ;  by  nitric  acid  converted  into  artifidsl 
tannin. 

24.  Caaute/touc.  Very  elastic ;  inaolabfe 
in  water  and  alcohol ;  when  steeped  in  ctber, 
reduced  to  a  pulp,  which  adheres  to  every 
thing;  fusible,  and  remains  liquid;  very 
combustible. 

25.  Gum  resins.  Form  milky  solutions 
with  water,  transparent  with  alcobol ;  soluble 
in  alkalis;  with  nitric  add  converted  into 
tannin;  strong  smell;  brittle,  opaque^ 
sible. 

20.  Cotton.     Composed  of  fibres; 
less;  very  combustible;  insoluble  in 
alcohol,  and  ether;  soluble  in  alkalis;  yields 
oxalic  add  to  nitric  add. 

27.  Suber.  Burns  bright,  and  swells; 
converted  by  nitric  add  into  suberic  add 
and  wax ;  partially  soluble  in  water  and  al- 
cohcrf. 
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Sa  ITood.  Composed  of  fibres;  taste- 
less ;  insoluble  in  water  and  alcohol ;  soluble 
in  weak  alkaline  lixivium;  precipitated  by 
adds ;  leaves  much  charcoal  when  distilled 
in  a  red  heat;  soluble  in  nitric  acid,  and 
yields  oxalic  add. 

To  the  preceding  we  may  add,  emetin, 
■fungin,  bemadn,  niootin,  polleoin,  solanine, 
.cafiein,  narcodne ;  the  new  vegetable  alkalis, 
.aconite,  atropia,  brucia,  dnchonia,  dcuta, 
.datura,  delphia,  hyosdama,  morphia,  picro- 
toxia,  quinia,  corydalia,  guarania,  strychnia, 
▼eratria;  and  the  various  vegetable  adds 
enumerated  under  the  general  article  ACLD. 

MM.  Dumas  and  Pelletier  published  a 
memoir  on  the  elementary  composition  and 
.  certain  characteristic  properties  of  the  organic 
salifiable  bases  (vegeto-alkalis),  in  the  24>th 
volume  of  the  jfnnai.  de  Chim,  et  de  Pkyt, 
p.  163.  which  was  read  to  the  Academy  of 
Sciences  5th  May  182a  The  following  is  a 
tabular  view  of  tiie  relations  of  caibon  and 
azote  in  these  alkaline  bodies. 


Csiboole  acid. 

Asoie. 

Quinia, 

100 

5.1 

Cinchonia, 

100 

5.0 

Strychnia, 

100 

^9 

Narcotme, 

100 

4.5 

Brudna, 

120 

5.0 

Morphia, 

100 

a2 

Veratria, 

100 

as 

Emetin, 

100 

ai 

Caffein, 

100 

20.0 

M.  Robiquet  has  on  more  than  one  occa- 
don  stated  his  doubts  of  the  pre-existence  of 
organic  alkalis  in  vegetables;  and  he  con- 
jectures that  they  were  produced  by  the  re- 
action of  alkaline  substances  on  certain  im- 
mediate products  of  plants,  and  more  parti- 
cularly on  what  may  be  named  the  resinous 
prindple  or  rtdnoide.  The  ammonia  exist- 
ing in  many  vegetables  may  be  supposed  to 
be  an  active  agent  in  such  a  transformation. 
-^Annalei  de  Chimie,  xxxi.  67. 

VEGETATION  (SALINE).  A  spedes 
of  crystalline  film  that  shoots  up  spontaneous- 
ly from  the  edges  of  a  solution  of  crystalUz- 
able  matter,  such  as  salt,  camphor,  &c. 

Salts,  particularly  the  metallic,  vegetate  on 
the  side  roost  exposed  to  the  light. 

This  phenomenon  is  so  striking,  that  in  the 
space  of  a  few  days,  and  frequently  even 
within  one  single  day,  the  salt  rises  several 
lines  above  the  liquor  upon  the  enlightened 
surface,  while  there  does  not  appear  the 
smallest  crust  or  edge  on  the  dark  part  The 
sulphates  of  iron,  of  zinc,  and  other  metals, 
more  especially  present  this  appearance. 

This  phenomenon  may  be  rendered  still 
more  interesting,  by  directing  the  vegetation 
at  pleasure  toward  the  different  parts  of  the 
vessel.  For  this  purpose,  nothing  more  is 
required  than  to  cover  the  several  parts  in 
succession.     For  the  vegetation  always  takes 


place  in  the  enlightened  parts,  and  quickljr 
ceases  in  that  which  is  covered. 

VE I  Na  Tlie  ores  of  metals  are  frequent- 
ly found  to  fill  certain  defts  in  mountains, 
lliese  masses,  when  they  run  out  in  lengtli, 
are  called  vdns.  Inconsiderable  veins,  which 
diverge  from  the  principal,  are  called  slips ; 
and  such  masses  of  ore  as  are  of  considerable 
magnitude,  but  no  great  length,  are  called 
bellies,  or  stock-works. 

VERATRIA.  A  new  vegetable  alkali, 
discovered  lately  by  MM.  Pdletier  and  Ca- 
ventou,  in  the  veratrum  tabatiUa  or  cevadilla, 
the  veratrum  aibum  or  white  hdlebore,  and 
the  colchicum  autumnale  or  meadow  safiTron. 

The  seeds  of  cevadilla,  after  being  freed 
from  an  unctuous  and  acrid  matter  by  ether, 
were  digested  in  boiling  alcohol.  As  this 
infusion  cooled,  a  little  wax  .was  deposited; 
and  the  liquid  being  evaporated  to  an  extract, 
redissolved  in  water,  and  again  concentrated 
by  evaporation,  parted  with  its  colouring 
matter.  Acetate  of  lead  was  now  poured 
into  the  solution,  and  an  abundant  yellow 
predpitate  fell,  leaving  the  fluid  nearly  co- 
lourless. ITie  excess  of  lead  was  thrown 
.down  by  sulphuretted  hydrogen,  and  the 
filtered  liquor  bdng  concentrated  by  evapora- 
tion, was  treated  with  magnesia,  and  again 
filtered.  The  predpitate,  boiled  in  alcohol, 
gave  a  solution,  which,  on  evaporation,  left  a 
pulverulent  matter,  extremely  bitter,  and 
with  decidedly  alkaline  characters.  It  was 
at  first  yellow,  but  by  solution  in  alcohol, 
and  precipitation  by  water,  was  obtained  in  a 
fine  white  powder. 

The  predpitate  by  the  acetate  of  lead  gave, 
on  examination,  gallic  add ;  and  hence  it  is 
concluded  that  the  new  alkali  existed  in  the 
seed  as  a  gallate. 

Veratria  was  found  in  the  other  plants 
above  mentioned.  It  is  white,  pulverulent, 
has  no  odour,  but  excites  violent  sneezing. 
It  is  very  acrid,  but  not  bitter.  It  pro- 
duced violent  vomiting  in  very  small  doses, 
and,  according  to  some  experiments,  a  few 
grains  may  cause  death.  It  is  very  little 
soluble  in  cold  water.  Boiling  water  dis- 
solves about  1- 1 000th  part,  and  becomes 
acrid  to  the  taste.  It  is  very  soluble  in  al- 
cohol, and  rather  less  soluble  in  ether.  It 
fuses  at  122^  Fahr.  and  then  appears  like 
wax.  On  cooling,  it  t>ecomes  an  amber- 
coloured  translucent  mass.  Heated  more 
highly,  it  swells,  decomposes,  and  burns. 
Decompose^  by  oxide  of  copper,  it  gave  no 
trace  of  azote.  It  acts  on  test  papers  like  an 
alkali,  and  forms  salts  uncrvbtallizable  by 
evaporation.  The  salts  appear  like  a  gum. 
Tlie  supersulphate  only  seems  to  present 
crystals.  Strong  solutions  of  these  salts  are 
partially  decomposed  by  water.  Veratria 
falls  down,  and  the  solution  becomes  add. 
The  bisulphate  appears  to  consist  of-^ 
Veratria,  9a723      100  . 

Sulphuric  add,    6.227  6.6441 
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TkB  muriate  is  compOKd  of«— 

Veratria,  95.8606    100 

Muriatic  acid,      4.1394        4.3181 

.    Iodine  and  chlorine  produce  with  Teratria 

an  iodate»  hydriodate^  chloride,  and  muriate. 
VERDIGRIS.     A  crude  acetote  of  cop- 

per. 


dinally  atiwked  (  glialentng  Titn».i 
cleavage  imperfect,  bat  in  the  diractkn  of  the 
diagonals;  ftacture  onall  gmiiied  mrvcn; 
tramlucent;  rvftacta  double;  enrwtrhfi  M> 
■par;  brittle;  sp.  gr.  as  to  3.4:  itbecons 
ciectrical  by  friction  :  befora  llie  Utowinpe  il 
melti,  without  addition,  into  a  ydlowisfa  anl 


Mr  Phillips  has  ktely  published  the  fM-     fUntly  tianstucent  glass.     Its 


lowing  analysis  of  verdigris. 

Wench.  EngUih. 

Acetic  acid,                    29.3  29.62 

Peroxide  of  copper,        43.5  44.85 

Water,                            25.2  25.51 

Impurity,                         8.0  0.62 


100.0 


100.00 
PhUlips*  Annals,  No.  21. 

VERDITER  is  a  blue  pigment,  obtained  ^ , ^__, 

by  adding  chalk  or  whiting  to  the  solution  of  mode  of  making  it  is  given 


are,  silica  35.5,  lime  33,  alumina  8Sl8S^ 
oxide  of  iron  7.5^  oxide  of  manganeae  0.2j^ 
loss  1.5u«— jr£apnifft.  It  occurs  in  rnmndrii 
able  abundance  in  unaltered  faceted  rock%J 
the  vicinity  of  Vesuvius.  The  rar 
variety  is  ftmnd  at  Sonland,  in  lUlcaaatk  ia 
Norway.  At  Naples  it  is  cut  into 
stones. 

VINEGAR.    See  Femmektatwos  (. 
roxjs) ;  and  also  Acid  (  Acehc),  vHwre  Ae 


copper  in  aquafortis.  Dr  Merret  says,  that 
it  is  prepared  in  the  following  manner :— A 
quantity  of  whiting  is  put  into  a  tub,  and 
upon  this  the  solution  of  the  copper  is  pouted. 
l>ie  mixture  is  to  be  stirred  every  day  for 
some  hours  together,  till  the  liquor  loan  its 
colour.  The  liquor  is  then  to  be  poured  off, 
and  more  solution  of  copper  is  to  be  added. 
This  is  to  be  repeated  till  the  whiting  has  ac- 
quired the  proper  colour.  Then  it  is  to  be 
spread  on  hurge  pieces  of  chalk,  and  dried  in 
the  sun. 

It  appears  from  M.  Pelletier's  analysis, 
that  100  grains  of  the  very  best  verditer  con- 
lain,  of  carixmic  add  30,  of  water  3^,  of 
pure  lime  7,  of  oxygen  9^,  and  of  pure  cop- 
per 50.  The  author  remarks,  that  the  veidi- 
ters  of  inferior  quality  contain  more  chalk 
and  less  copper. 

VERJUICE.  A  kind  of  hatsh  austere 
vinegar,  made  of  the  expressed  juice  of  the 
wild  apple,  or  crab.     The  French  give  this 


VINEGAR  FROM  WOOD.  P^ 
lignous  add. 

VINEGAR  OF  SATURN.  Solntioa 
of  acetate  of  lead, 

VINEGAR  (RADICAL).  AceCicacid. 

VIOLINA.  A  supposed  new  v^eto- 
alkali,  thought  to  exist  in  the  vSpta  oi/urgta. 
It  has  properties  analogous  to  emetine  aad 
may  be  extracted  fhwn  the  root,  leaves,  iow- 
ers,  and  seeds  of  the  plant.— \7birni.  4m  Fkarwu 
Jan.  1824b 

VITAL  AIR.     Oxygen. 

VITRIFICATION.     See  Gulsb;  aba 

SlUCA. 

VITRIOLp(Mti«,  green,  feif,«ttr}.  See 
Ores  of  Cofpeb,  Iron,  Cobalt,  Zinc 

VITRIOLIC  ACID.     Sulphuric  add. 

VIVl  ANITE.     Phosphate  of  iron. 

VOLATILE  ALKALL     AmmooB. 

VOLATILITY.  The  property  of  bodMs 
by  which  they  are  disposed  to  assume  the 
vaporous  or  elastic  state,  and  quit  the 


name  to  unripe  grapes,  and  to  the  sour  liquor     in  which  they  are  placed. 


obtained  from  them. 

VERMILION.  The  red  sulphuret  of 
mercury,  or  dnnabar. 

VESSELS  (CHEMICAL).      See  La- 

SOBATORY. 

VESUVIAN.  /fiIocm«tfofHaiiy;asub. 
species  of  pyramidal  garnet.  Colours  green 
ind  brown ;  massive,  disseminated,  and  crys- 
tallised. Primitive  form  a  pyramid  of  129^ 
SO'  and  740  12^:  The  following  secondary 
forms  occur,— a  rectongular  four-sided  prism 
▼ariously  acuminated,  bevelled  or  truncated ; 
the  lateral  planes  of  the  prism  are  longitu- 


VOLCANOES.  See  Ur£*s  Geology, 
Book  III.  Chap.  ii. 

VOLCANITE.     Augite. 

VULPINITE.  Colour  greyfeb-whte; 
massive ;  splendent;  fracture  foliated ;  frag- 
ments rhomboidal ;  in  distinct  granular  con- 
cretions;  translucent  on  the  edges;  sofk; 
brittle;  sp.  gr.  2.878:  it  melts  easily  before 
the  blowpipe  into  a  wliite  opaque  enameL 
Its  constituents  are,  sulphate  of  lime  92,  slics 
d.  It  occurs  aldng  with  granulat'  fdbted 
limestone  at  Vulptno  in  Italy. 


W 


WACKE.  A  mineral  substtnoe  inter- 
mediate between  cbiy  and  basalt.  It  is  some- 
times  simple ;  but  when  it  inclines  to  basalt^ 
it  contains  hornblende  and  mica.  It  is  some- 
times spotted,  and  these  spots  are  unformed 
crysUls  of  hornblende^  resembUhg  the  un- 


formed crystals  of  felspar  in  certain  varictia 
of  porphyry.  It  never  contains  augite  « 
olivine.  When  it  approaches  to  an  amygda> 
loid,  it  is  vesicular.  Its  colour  is  greeniaii- 
grey;  massive  and  vesicular;  dull;  opaque; 
ibtak  shiniiig ;  soft ;  easily  fhmgible ;  sp.  gr. 
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2.5S  to  2.9 :  ftiies  like  iMuIt  It 
oontBios  petrifitftioiis.  It  occun  loinetiiiMS 
in  beds  and  veins;  and  these  Teins  contain 
▼ery  small  portJons  of  ores  of  different  kinds, 
as  bismuth,  silver-i^lance^  and  magnetic  iron^ 
stone. 

WADD.  This  name  is  gircn  to  plook- 
bago»  or  black  lead. 

WADD,  BLACK.  An  ore  of  mang». 
neae  found  in  Derbyshire.  It  is  remarkable 
for  the  property  of  taking  ire  when  mixed 
with  linseed  oil. 

WAGNERITE.  One  of  the  rarest  of 
mineral  species.  It  resembles  in  colour, 
transparence  and  lustre,  the  Braailian  topaa, 
with  which  it  was  formerly  confounded.  It  is 
easily  scratched  with  a  knife,  and  the  streak  is 
white  ;  sp.  gr.  3.01  :  fracture  in  a  ciirection 
transrerse  to  the  prism ;  is  uneven  and  flplin* 
tary :  its  form  is  derivable  Irom  an  oblique 
rborabicpriam ;  most  of  the  planes  of  the  prism 
are  strongly  striated ;  the  others  are  more  or 
less  brilliant.  It  is  found  in  Che  valley  catted 
Hollgraben,  near  Werfen  in  Salsbmg,  in 
small  veins  of  quartz  in  day-slate.  Its  con- 
atituents,  according  to  Facbs,  are^  phosphoric 
acid  4'i.73,  fluoric  acid  6.50,  magnesia  46.^ 
oxide  of  iron  5*00,  oxide  of  manganese  0l50. 

WASH.  The  technical  term  for  the  fer- 
mented liquor,  of  whatever  kind,  from  which 
spirit  is  intended  to  be  distilled.  See  Aux>- 
HOL  and  DcrriLLAHON. 

WATER.  It  is  scarcely  necessary  to 
give  any  definition  or  description  of  thb  uni- 
versally known  fluid.  It  is  a  very  transpa> 
rent  fluid,  poaMssing  a  moderate  degree  of 
actirity  with  regard  to  organized  substances, 
which  renders  it  friendly  to  animal  and  vege- 
table life,  for  both  which  it  is  indeed  indis- 
pensably necessary.  Hence  it  acts  but  slightly 
on  the  organs  of  sense^  and  is  therefore  said 
to  h^ve  n«ither  taste  nor  smeH.  It  appean 
to  possess  considerable  elasticity,  and  yieUs 
in  a  perceptible  degree  to  the  presaure  of  air 
in  the  condensing  machine,  as  Canton  proved, 
by  including  it  in  an  open  glass  vessel  with  a 
narrow  neck. 

The  solubility  or  insolubility  of  bodies  in 
thb  fluid  composes  a  large  part  of  the  science 
of  chemistry.     See  Salt. 

llie  habitudes  of  water  with  heat  have 
been  detailed  under  Cnhrk  and  Tempera* 
ture. 

Water  n  not  only  the  common  measure  of 
specific  gravities,  but  the  tables  of  these  may 
be  usefully  employed  in  the  admeasurement 
of  iiregular  solids ;  for  one  cubic  foot  is  very 
nearly  equal  to  1000  ounces  avoirdupois. 
The  numbers  of  the  table  denoting  the  speci- 
fic gravities,  do  therefore  denote  likewise  the 
number  of  ounces  avoirdupois  in  a  cubic  foot 
of  eacB  substance. 

Native  water  is  seldom,  if  ever,  found  per- 
fectly pure.  The  waters  that  flow  within  or 
upon  the  surfooe  of  the  earth  contiun  various 
earthy,  saline,  metallic,  vegetable,  or  animal 


partidcs^  acoording  to  the  substances  over  or 
through  which  they  pass.  Rain  and  snow 
waters  are  much  purer  than  theses  although 
they  also  contain  whatever  floats  in  the  air, 
or  has  been  exhaled  along  with  the  watery 
vapours. 

The  purity  of  water  may  be  known  by 
the  following  marks  or  properties  of  pure 
water:— 

4.  Pure  water  is  lighter  than  water  that  is 
not  pure. 

2.  Pure  water  is  more  fluid  than  water  that 
is  not  pure. 

3»  It  has  no  colour,  smell,  or  taste. 

4.  It  wets  more  easily  than  the  waters  con- 
taining metallic  and  earthy  salts,  called  hard 
water*,  and  feels  softer  when  touched. 

5.  Soap,  or  a  solution  of  soap  in  alcohol, 
mixes  easily  and  perfectly  with  it. 

&  It  is  not  residered  turbid  by  adding  to 
it  a  solution  of  gold  in  aqua  regia,  or  a  solu- 
tion of  silver,  or  of  lea^  or  of  mercury,  in 
nitric  add,  or  a  solution  of  acetate  of  lead  in 


For  the  habitudes  of  water  with  saline 
matter,  see  Salt,  and  the  diflerrot  sub- 
stances. 

Water  was,  till  modem  times,  considered 
as  an  elementary  or  simple  substance. 

Previous  to  the  month  of  October  1776; 
the  celebrated  Macquer,  assisted  by  M.  Si- 
gaud  de  la  Fond,  made  an  experiment  by 
burning  hydrogen  gas  in  a  bottle  without  cx- 
plosion,  and  holding  a  white  china  saucer 
over  the  ilame.  His  intention  appean  to 
have  been  that  of  ascertaining  whether  any 
fuliginous  smoke  was  produced ;  and  he  cH^- 
serves,  that  the  saucer  remained  perfectly 
clean  and  whiter  but  was  moistened  with  per- 
ceptible drops  of  a  dear  fluid,  resembling 
water ;  and  which,  in  fed,  appeared  to  him 
and  his  assistant  to   be  nothing  but  pure 


He  does  not  say  vrfaetfaer  any  test  waa  ap- 
plied to  ascertain  this  purity,  neither  does  be 
make  any  remark  on  the  feet.* 

In  the  month  of  September  1777,  Mcasra 
Buquet  and  Lavoisier,  not  bang  acquainted 
with  the  fact  which  is  inddentally  and  con- 
cisely mentioned  by  Macquer,  made  an  ex- 
periment to  discover  what  is  produced  by  the 
combustion  of  hydrogen.  Tliey  fired  five  or 
six  pints  of  hydrogen  in  an  open  and  wide- 
mouthed  bottle,  and  instantly  poured  two 
ounces  of  lime  water  through  the  flame» 
agitating  the  bottle  during  the  time  the  com* 
bustion  lasted.  The  result  of  this  experi- 
ment showed,  that  carbonic  add  was  not  pro- 
duced, f 

Before  the  mouth  of  April  1781,  Mr  John 
Warltira,  encouraged  by  Dr  Priestley,  fired 
a  mixture  of  common  air  and  hydrogen  gas 


*  DlcUomuiire  de  Chtmte,  fld  edltkw,  Psrti,  1778, 
Art  Oaa  Inflmmuihlc,  voL  U.  p.  314,  Sl^ 
t  Acad.  Far.  ITSl,  p.  «70. 
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in  a  close  copper  veiBel,  snd  ibund  it*  weight 
diminiahed.  Dr  Priestley,  likewise,  before 
the  same  period,  fired  a  like  mixture  of  hy- 
drogen and  oxygen  gas  in  a  closed  glaia 
vesMi,  Mr  Warltire  being  present.  ITie  in- 
side of  the  vessel,  though  clean  and  dry  be- 
fore, became  dewy,  and  was  lined  with  a 
sooty  substance.*  These  experiments  were 
afterwards  repeated  by  Mr  Cavendish  and 
Dr  Priestley ;  and  it  was  found,  thsft  the  di- 
minution of  weight  did  not  take  place,  neither 
was  the  sooty  matter  perceived,  f  These 
circumstances,  therefore,  must  liave  arisen 
from  some  imperfection  in  the  apparatus  or 
materials  with  which  the  former  experiments 
were  made. 

It  was  in  the  summer  of  the  year  1781, 
that  Mr  Henry  Cavendish  was  busied  in  ex- 
mnining  what  becomes  of  the  air  lost  by  com- 
bustion, and  made  those  valuable  experiments 
which  were  read  before  the  Royal  Society  on 
the  J  5th  of  January  1764.  f  He  burned 
500,000  grain  measures  of  hydrogen  gas, 
wiUi  about  8^  times  the  quantity  of  common 
air;  and  by  causing  the  burnt  air  to  pass 
through  a  glass  tube  eight  feet  in  length,  135 
grains  of  pure  water  were  condensed.  He 
also  exploded  a  mixture  of  19,500  grain 
measures  of  oxygen  gas,  and  37,000  of  hy- 
drogen, in  a  close  vessel.  The  condensed 
liquor  was  found  to  contain  a  small  portion 
of  nitric  acid,  when  the  mixtiu-e  of  the  air 
was  such,  that  the  burnt  air  still  contained 
a  considerable  proporti<Mi  of  oxygen.  In  this 
case  it  may  be  presumed,  that  some  of  the 
0|Xygen  combines  with  a  portion  of  nitrogen 
present 

In  the  mean  time,  M.  Lavoisier  continued 
his  researches,  and  during  the  winter  of  1 781- 
1782,  together  with  M.  Gingembre,  he  filled 
a  bottle  of  six  pints  with  hydrogen,  which 
being  fired,  and  two  ounces  of  lime  water 
poured  in,  was  instantly  stopped  with  a  cork, 
through  which  a  flexible  tube  communicating 
with  a  vessel  of  oxygen  was  passed.  The  in- 
flammation ceased,  except  at  the  orifice  of  the 
tube  through  which  the  oxygen  was  pressed, 
where  a  beautiful  flame  app^u^.  Tlie  com- 
bustion continued  a  considerable  time,  during 
which  the  lime  water  was  agitated  in  the 
bottle.  Neither  this,  nor  the  same  experi- 
ment repeated  with  pure  water,  and  with  a 
weak  solution  of  alkali  instead  of  lime  water, 
Afforded  the  information  sought  after;  for 
these  substances  were  not  at  aU  altered. 


*  Priestley,  T.S95. 

t  Pba  Trans.  Ixxir.  1S&  Dr  Priestley  supposed  the 
iBooty  matter  to  Ix  part  of  the  mercury  used  in  filline 
the  veawL^PhlL  i-rans.  Ixxiv.  332. 

I  M.  Lavoisier  relates,  that  Dr  Blagden,  Sec.  R& 
(who  was  present  at  the  perfurming  of  the  capital  ex. 
perimeQt  of  burning  hydrogen  and  oxjwen  gas  in  a 
closed  Tonel  on  the  24Ui  June  178S),  informed  him, 
that  Mr  Cavendish  had  already  done  the  same  thing, 
and  obtained  water.  See  the  Hcmuin  of  the  Royal 
Academy  at  Paris  for  1781,  p.  472.  j  also  PhiL  I  rans. 
vol.  hcxiv.  p.  I3is 


The  inference  of  Mr  Warliire 
the  moisture  on  the  inside  of  the 
which  Dr  Priestley  first  fired  hydrogen  and 
common  air,  was,  that  these  airs,  by  cooibua- 
tion,  deposited  the  moisture  they  cootaificd. 
Mr  Watt,  however,  inferred  from  these  ex- 
perimoita,  that  water  is  a  compound  of  the 
burnt  airs,  which  have  given  out  their  lali  nt 
heat  by  combustion ;  and  communicated  fais 
sentiments  to  Dr  Priesdey  in  a  letter  dated 
April  26.  178a* 

It  does  not  appear,f  that  the  composstios 
of  water  was  known  or  admitted  in  Fwmaoe 
till  the  summer  of  1783,  when  M.  Lai 
and  M.  de  la  Place,  on  the  244fa  of  Juoe, 
peated  the  experiment  of  burning  faydrogen 
and  oxygen  in  a  glass  vessel  over  mercury,  in 
a  still  greater  quantity  than  had  been  btuned 
by  Mr  Cavendish,  llie  result 
five  gros  of  pure  watcr.f  M.  Monge 
a  simiUu*  experiment  at  Paris,  nearly  at  the 
same  time,  or  perhaps  before^ 

This  assiduous  and  accurate  pbiloaophcr 
then  proceeded,  in  conjunction  with  M.  Meoa- 
nier,  to  pass  the  steam  of  water  through  a  red- 
hot  iron  tube^  and  found  that  the  iron  waa 
oxidised,  and  hydrogen  disengaged ;  and  die 
steam  of  water  being  passed  over  a  variety  at 
other  combustible  or  oxidable  substances,  pro- 
duced similar  results,  the  water  disappearing 
and  hydrogen  being  disengaged.     Hbese  ca- 
pital experiments  were  accounted  for,  by  M. 
Lavoisier,  by  supposing  the  water  to  be  de- 
composed into  its  component  parts,  oxygen 
and  hydrogen,  the  former  of  which  unilss 
witli  the  ignited  substance^  while  the  latter 
is  disengaged. 

The  grand  experiment  of  the  compooiioa 
of  water  by  Fourcroy,  Vauquelin,  and  Se- 
guin,  was  b^un  on  Wednesday,  May  13L 
1790,  and  was  finished  on  FViday  the  22d  of 
the  same  month.  The  combustion  «»-as  kept 
up  185  hours  with  little  interruption,  dmii^ 
which  time  the  machine  was  not  quitted  for 
a  moment.  The  experimenten  alternately 
refreshed  tliemselves  when  fatigued,  by  lyii^ 
for  a  few  hours  on  mattresses  in  the  labiani- 
tory. 

To  obtain  the  hydrogen,  1.  Zinc  was 
melted  and  rubbed  into  a  powder  in  a  very 
hot  mortar.  2.  This  metal  was  dissolved 
in  concentrated  sulphuric  acid  diluted  with 
seven  parts  of  water.  The  air  procured  urn 
made  to  pass  through  caustic  alkali.  To 
obtain  the  oxygen,  two  pounds  and  a  half  of 
crystallized  liyper-oxymuriate  of  potash  were 
distilled,  and  the  air  was  translerred  tiiroagb 
caustic  alkali. 

The  voltune  of  hydrogen  employed 


•  PhiL  TransL  vol.  Ixxiv.  p^  S90L 

f  Compare  PhiL  Trans.  voL  Ixxiv.  p.  1S8,  with  the 
Memoirs  of  the  Koyal  Academy  at  Paris  for  I78U 
pages  47«.  and  47i. 

t  The  ounce  poids  de  marc  being  478L9  grains  trey, 
this  quanUty  will  be  SdSBngUsh 
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S596S.568  cubic  inches,  and  the  vreigfat  was 
1039.358  grains. 

The  volume  of  onygm  was  12570.94S, 
and  the  weight  was  6809.869  grains. 

The  total  weight  of  both  clastic  fluids  was 
7249.227. 

The  weight  of  water  obtained  was  7844* 
grains,  or  12  ounces  4  gros  45  grains. 

Hie  weight  of  water  which  should  have 
been  obtained  was  12  ounces  4  gros  49.227 
grains. 

The  deflcit  was  4  227  grains. 

The  quantity  of  azotic  air  before  the  expe- 
riment was  415.256  cubic  inches,  and  at  the 
close  of  it  467.  The  excess  after  the  expe- 
riment was  consequently  5 1 .  744  cubic  inches. 
This  augmentation  is  to  be  attributed,  the 
academicians  think,  to  the  small  quantity  of 
atmospheric  air  in  the  cylinders  of  the  gaso- 
meters at  the  time  the  other  airs  were  intro- 
duced. These  additional  51  cubic  inches 
could  not  arise  from  the  hydrogen,  for  expe- 
riment showed  that  it  contained  no  asotic  air. 
Some  addition  of  this  last  fluid,  the  experi- 
menters think,  cannot  be  avoided,  on  account 
of  tlie  construction  of  the  machine. 

The  water  being  examined,  was  found  to 
be  as  pure  as  distilled  water.  Its  specific  gra* 
▼ity  to  distUled  water  was  as  18671 :  18670. 

The  decomposition  of  water  is  most  el^ 
gantly  effected  by  Electricity  ;  which  see. 

The  composition  of  water  is  best  demon- 
strated by  exploding  2  volumes  of  hydrogen 
and  1  of  oxygen,  in  the  eudiometer.  Hiey 
disappear  totally,  and  pure  water  results.  A 
cubic  inch  of  this  liquid,  at  60°,  weighs  252.52 
grsins,  consisting  of 

28.06  grsins  hydrogen,  and 
224.46  oxygen. 

The  bulk  of  the  former  )  ^^^  ^^,^  .^^^^ 

gasis  ) 

That  of  the  latter  is  662 

1987 

Hence  there  is  a  condensation  of  neariy 
two  thousand  volumes  into  one;  and  one  vo- 
lume of  water  contains  662  volumes  of  oxy- 
gen. The  prime  equivalent  of  water  is  1 . 1 25 ; 
composed  of  a  prime  of  oxygen  ^  1.0  -f-  a 
jprime  of  hydrogen  =s  0. 125 ;  or  9  parts  by 
weight  of  water  consist  of  8  oxygen  •4- 1  hy- 
drogen. 

WATER  OF  CRYSTALLIZATION. 
Many  salts  require  a  certain  proportion  of 
water  to  enable  them  to  retain  the  crystalline 
form,  and  this  is  called  their  water  of  crystal- 
lisation. Some  retain  tliis  so  feebly,  that  it 
flies  off  on  exposure  to  the  air,  and  they  fall 
to  powder.  These  are  the  efilorescent  salts. 
Others  have  so  great  an  affinity  for  water, 
that  their  crystals  attract  more  from  the  air, 
in  which  they  dissolve.  These  are  the  deli- 
quescent 

WATERS  (MINERAL).  The  exami- 
nation of  irinend  waten^  with  a  view  to  as- 


certain their  ingredients,  and  thence  their  me- 
dicinal qualities,  and  the  means  of  compound* ' 
ing  them  artificially,  is  an  object  of  consider- 
able importance  to  sodety.  It  is  likewise  a 
subject  which  deserves  to  be  attended  to,  be- 
■  cause  it  affords  no  mean  opportunity  for  the 
agreeable  practice  of  chemical  skill.  But 
this  investigation  is  more  especially  of  impor- 
tance to  the  daily  purposes  of  life>  and  the 
success  of  manu&ctures.  It  cannot  but  be 
an  interesting  object,  to  ascertain  the  com- 
ponent parts  and  qualities  of  the  waters  daily 
consumed  by  tlie  inhabitants  of  large  towns 
and  ridnities.  A  very  minute  portion  of 
unwholesome  matter,  daily  taken,  may  con- 
stitute the  principal  cause  of  the  differences 
in  salubrity  which  are  observable  in  different 
places.  And  with  regard  to  manufactures, 
it  is  well  known  to  the  brewer,  the  paper- 
maker,  the  bleacher,  and  a  variety  of  other 
artists,  of  how  much  consequence  it  is  to  them, 
that  this  fluid  should  either  be  pure,  or  at 
least  not  contaminated  with  such  principles 
as  tend  to  injure  tlie  qualities  of  the  articles 
they  make.  This  analysis  has  accordingly 
employed  the  attention  of  the  first  chemists. 
Beigmann  has  written  an  express  treatise  on 
the  subject,  which  may  be  found  in  the  first 
volume  of  the  English  translation  of  his  Es- 
says. Kirwan  published  a  valuable  volume 
on  the  analysis  of  waters. 

The  topography  of  the  place  where  these 
waters  rise  is  the  first  thing  to  be  considered. 
By  examining  the  ooze  formed  by  them,  and 
the  earth  or  stones  through  which  they  are 
strsined  and  filtered,  some  judgment  may  be 
formed  of  their  contents.  In  filtering  through 
the  earth,  and  meandering  on  its  surface,  they 
take  with  them  particles  of  various  kind^ 
which  thdr  extreme  attenuation  renders  ca- 
pable of  being  suspended  in  the  fluid  that 
serves  for  their  vehicle.  Hence  we  shall  some- 
times find  in  these  waters  siliceous,  calcareous^ 
or  argillaceous  earth ;  and  at  other  times, 
though  less  frequently,  sulphur,  magnesian 
earth,  or,  from  the  decomposition  of  carbo- 
nated iron,  ochre. 

The  following  are  the  ingrediente  that  may 
occur  in  mineral  waters:— 

1.  Air  is  contained  in  by  far  the  greater 
number  of  mineral  waters :  its  proportion  does 
not  exceed  1.28th  of  the  bulk  of  the  water. 

2.  Oxygen  gas  was  first  detected  in  waters 
by  Scheele.  Ito  quantity  is  usually  incon- 
siderable; and  it  is  incompatible  with  the 
presence  of  sulphuretted  hydrogen  gas,  or 
iron. 

3.  Hydrogen  gas  was  first  detected  in 
Buxton  water  by  Dr  Pearson.  Afterward 
it  was  discovered  in  Harrowgate  waters  by 
£>r  Garnet,  and  in  those  of  Lemington  Priors 
by  Mr  Lambe. 

4.  Sulphuretted  hydrogen  gas  constitutes 
the  most  conspicuous  ingredient  in  those 
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wMers  whidi  are  dndngaiiliedi  by  tiM  name 
<^  hepatic  cfr  sulphurous. 

The  ottly  adds  hitfierto  found  in  wafeen, 
except  in  combination  with  a  base»  are  the 
carbonic,  sulphuric,  and  bomde. 

5.  Gaibonic  add  was  first  diacofeied  in 
Pynnont  water  by  Dr  Brownrigg.  It  is  the 
most  common  ingredient  in  mineral  waters, 
100  cubic  inches  of  ihe  water,  generally  coo* 
taining  fVom  6  to  40  cubic  inches  of  this  add 
gas.  According  to  Westrumb^  100  cubic 
inches  of  Pyrmont  water  contain  187  cubic 
inches  of  it,  or  almost  double  its  own  bulk. 

6.  Sulphurous  acid  has  been  obserred  in 
sereral  of  the  hot  mineral  waters  in  Italy, 
which  are  in  the  neighbourhood  of  volcanoes. 

7.  The  boradc  add  has  abo  been  obaerred 
in  some  lakes  in  Italy. 

The  only  alkali  which  has  been  obserred 
in  mineral  waters,  uncombined,  is  soda ;  and 
the  only  earthy  bodies  are  silex  and  lime. 

a  Dr  Black  detected  soda  in  the  hot  mi- 
nend  waters  of  Geyter  and  Rykum  in  Ice- 
land; but  in  most  other  cases  the  soda  is 
combined  with  carbonic  add. 

9.  S^ek  was  first  discovered  in  waters  by 
Bergmann.  It  was  afterwards  detected  in 
those  of  Geyser  and  Rykum  by  Dr  Black, 
and  in  those  of  Karlsbad  by  Klaproth.  Has« 
senfVatfe  observed  it  in  the  waters  of  Pougues, 
as  Brei6  did  in  those  of  Pa.  It  has  been 
found  also  in  many  other  mineral  waters. 

10.  Lime  is  said  to  have  been  found  un- 
combined in  some  mineril  waters ;  but  this 
has  not  been  proved  in  a  satisfiictory  manner. 

The  only  salts  hitherto  found  in  mineral 
waters  are  the  following ;— aulpbates,  nitrstes, 
muriates,  carbonates,  and  borates;  and  of 
Aese  the  caibonates  and  muriates  occur  by 
fSur  most  commonly,  and  the  borates  and  ni- 
iTities  most  rarely. 

11.  Sulphate  of  soda  is  not  uncommon, 
especially  in  those  mineral  waters  which  are 
distinguished  by  ^e  epithet  tatine. 

12.  Sulphate  of  ammonia  is  found  in  mi« 
neral  waters  near  volcanoes. 

13.  Sulphate  of  lime  is  ezoeedingly  com- 
mon in  water.  Its  presence  seems  to  have 
been  first  detected  by  Dr  Lister  in  1682. 

14.  Sulphate  of  magnesia  is  almost  con- 
fttantly  an  ingredient  in  those  mineral  waters 
which  have  purgative  properties.  It  was  de- 
tected in  Epsom  waters  in  1610,  and  in  1606 
Dr  Grew  published  a  treatise  on  it 

15.  Alum  is  sometimes  found  in  mineral 
whters)  but  it  is  exceedingly  rare. 

16.  Sulphate  of  iron  occurs  sometimes  In 
volcanic  mineral  waters,  and  has  even  been 
observed  in  other  places. 

17.  Sulphate  of  copper  is  only  found  in  the 
waten  which  issue  from  copper  mines. 

18.  Nitre  has  been  found  in  some  springs 
in  Hungary,  but  it  is  exceedingly  uncommon. 

in.  Nitrate  of  lime  was  first  detected  in 
water  by  Dr  Home,  of  Edinburgh,  in  1756. 
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It  is  and  to  occur  in 
sandy  daaerta  of  Aiabia. 

2a   Mtimta  of 
been  found  in  aan 

21.  Muriate  of  poladi  is 
it  has  lately  been  discovered  in  the 
springs  of  Ufaieaboi)g  in  fiwedeu  by  Julia. 

22.  Muriate  of  soda  is  so  eztieiDely  en 
mon  in  nrinersl  waters,  that  hardly  «  sii^le 
spring  has  been  analyaad  witfaoat 
some  of  it. 

28.  Muriate  of  ammonia  is 
but  it  has  been  found  in 
in  Italy  and  Siberia. 

24b  Muriate  of  baryta  is  still  more 
mon,  but  its  presence  in  mincnl 
been  announced  by  Beigmaan. 

25  and  26.  Muriates  of  lime  and 
are  common  ingredients. 

27.  Muriate  of  aiumiaa  has  bcflB 
by  Dr  Withering,  but  it  ia  very 

28b  Muriate  of  maoganeae 
by  Beigmann  as  I  ^ 

neral  waters.     It  has  been  lately  delaetedfaf 
Lambe  in  the  waten  of  ~      '  ~ 

but  in  an  extreoKly  limited 

29l  The  presence 
mineral  waten  has  been  maiitiotted  by 
chemists:  if  it  dooocmv  itmnstbeannniy 
small  proportion. 

30.  Caibonaiteofsodaia^  pariiapB,  one  of 
the  meet  common  ingredients  of  these  Uqutd^ 
if  we  except  common  salt  and  carbonate  of 
lime. 

31.  Carbonate  of  ammonia  has  been  dv- 
covered  in  waters,  but  it  is  uncommon. 

32.  Carbonate  of  lime  is  found  in  almait 
all  waters)  and  is  usually  hdd  in  solution  by 
an  excess  of  add.     It  appean  from  the  dif. 
ferent  ezperimento  of  chiemistBi  as  f  «HI  by 
Mr  Kirwan,  and  especially  from  thoee  of 
Berthollet,  that  water  saturated  with  carbonic 
add  is  capable  of  holding  in  solution  0.002 
of  carbonate  of  lime.     Now,  water  saturated 
with  caibonSc  adfl,  at  the  temperature  of  50(>, 
contains  very  nearly  0.002  of  ito  weight  of 
carbonic  add.     Hence  it  feBows  that  carbo- 
nic  add,  when  present  in  sudi  quantity  m  te 
saturate  waters,  is  capable  of  holding  its  own 
weight  ofcaibonateofUme  in  solution.   Thns 
we  aee  1000  parts  by  wdght  of  water,  when 
it  contains  two  parts  of  carbonic  add,  is  ca- 
pable of  dissolving  two  parte  of  carbonate  of 
lime.     When  foe  proportion  of  water  is  in- 
creased, it  is  capable  of  holding  decarbonate 
of  lime  in  solution,  even  when  the  proportion 
of  carbonic  add  united  with  it  is  diminished. 
Thus  2i,000  parte  of  water  are  capable  of 
holding  two  parts  of  carbonate  of  lime  in  so- 
lution, even  when  they  contain  only  one  pait 
of  carbonic  add.     The  greater  the  proponion 
of  water,  the  smaller  proportion  of  carbooie 
add  is  necessary  to  keep  the  lime  in  solution; 
and  when  the  water  is  increased  to  a  certain 
piuportiony  no  sennble  excesc  of  cnrbonfc 
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add  is  necestary.  It  ought  to  be  rtmftrkcd 
alsiH  thBt  wata*,  boweYtf  unall  a  quantity  of 
carbonic  add  it  coataini^  is  capable  of  holding 
carbonate  of  lime  in  sotution,  providad  the 
weight  of  the  carbonic  acid  present  exceed 
that  of  the  Knie.  These  observations  apply 
equally  to  the  other  earthy  carbonates  held  in 
solution  by  mineral  waters. 

33»  Cartwnate  of  magnesia  is  also  very 
common  in  minenl  waters,  and  is  almost 
always  accompanied  by  caibonate  of  lime. 

34h  Carbonate  of  alumina  is  said  to  have 
been  found  in  waters ;  but  its  presence  has  not 
been  properly  ascertained. 

35.  Carbonate  of  iron  is  by  no  means  un- 
common ;  indeed  it  forms  the  roost  remark- 
able ingredient  in  those  waters  which  are  dis- 
tinguished by  the  epitliet  of  chafybemie, 

36.  Borax  exists  in  some  lakes  in  Persia 
and  Thibet ;  but  the  nature  of  these  waters 
has  not  been  ascertained. 

37  and  3S.  llie  hydrosulphurets  of  lime 
and  of  soda  have  been  frequently  detected  in 
those  waters  which  are  called  sulphurous,  or 
hepatic 

Mr  Westnimb  says,  that  all  sulphunxis 
waters  contain  more  or  less  bydrosulpburet  of 
lime. 

To  detect  this  he  boiled  the  mineral  water, 
excluding  the  contact  of  atmospheric  air,  to 
expel  the  sulphuretted  hydrogen  gas  and  car- 
bonic acid.  Into  the  water  thus  boiled  he 
poured  sulphuric  acid,  when  more  sulphuret- 
ted hydrogen  gas  was  evolved,  and  sulphate 
of  lime  was  thrown  down;  fuming  nitric 
acid,  which  separated  from  it  sulphur;  and 
oxalic  acid,  which  expelled  sulphuretted  hy- 
drogen, and  formed  oxalate  of  lime.  The 
water  evaporated  in  open  vessels  let  fall  sul- 
phate of  Ume,  and  gave  out  sulphuretted  hy- 
drogen gas. 

To  ascertain  the  quantity  of  sulphurettai 
hydrogen  gas  and  carbonic  add,  Mr  West- 
rumb  proceeded  as  follows :  He  introduced 
the  sulphurous  water  into  a  matrass,  till  it 
was  filled  to  a  certain  point,  which  he  marked ; 
fitted  to  it  a  curved  tube,  which  terminated 
in  a  long  cylinder ;  filled  this  cylinder  with 
lime  water  fyr  the  one  experiment,  and  with 
acetate  of  lead,  with  excess  of  add,  for  the 
oiher ;  luted  the  apparatus ;  and  boiled  tlie 
water  till  no  more  gas  was  expelled.  When 
the  lime  water  is  used,  carbonate  of  lime  is 
precipitated  in  the  proportion  of  80  grains  to 
every  1 0  cubic  inches  of  carlxmic  add  gas ; 
when  the  solution  of  acetate  of  lead,  bydro- 
sulpburet of  lead  is  thrown  down,  in  the 
proportion  of  19  grains  to  10  cubic  inches  of 
sulphuretted  hydrogen  gas* 

Beside  these  substances,  certain  vegetable 
and  animal  matters  have  been  occasionally 
observed  in  mineral  waters.  But  in  most 
cases  these  are  rather  to  be  considered  in  the 
light  of  acddental  mixtures,  than  of  real  com- 
ponent parts  of  the  waters  in  which  tbeyoccur. 


From  this  synoptical  view  of  the 

ingredienu  contained  in  mineral  waten,  it  is 
evident  that  these  substances  occur  in  two 
diflfereut  distinct  states  I  vis.  1.  as  being  sus- 
pended in  them ;  and,  2,  as  being  dissolved 
in  them  diiefly  in  the  form  of  a  salt. 

The  investigation  of  mincisil  waters  con- 
siat^  K  In  the  examination  of  them  by  the 
senses :  2.  In  the  examination  of  them  by 
re-agents:  3.  In  the  analysis  properly  so 
called. 

The  examination  by  the  senses  consists  in 
observing  the  effect  of  the  wiUer,  as  to  ap- 
pearance, smell,  and  tastew 

Ibe  appearance  of  the  water,  the  Instant 
in  which  it  is  pumped  out  of  the  well,  as 
well  as  aiWr  it  has  stood  for  some  time, 
affoids  several  indications,  fhmi  which  we 
are  enabled  to  form  a  judgment  concerning 
its  contents.  If  the  water  be  turbid  at  the 
well,  the  substances  are  suspended  only,  and 
not  dissolved ;  but  if  the  water  be  clear  and 
transparent  at  the  well,  and  some  time  inter- 
venes  before  it  becomes  turbid,  the  contents 
are  dissolved  by  means  of  carbonic  add. 

The  presence  of  this  gas  h  likewise  indf^ 
oated  by  small  bubbles,  that  rise  from  the 
bottom  of  the  well,  and  burst  in  the  air  while 
they  are  making  their  escape,  though  the 
water  at  the  same  time  periiaps  has  not  an 
add  taste.  This  is  the  case,  according  to 
Count  Razoumowski,  with  respect  to  the 
tepid  spring  in  Vallais,  and  the  cold  vitrio- 
lated  chalybeate  springs  at  Astracan.  Bnt 
the  most  erident  proof  of  a  spring  containing 
carbonic  arid,  is  the  generation  of  bubbles  on 
the  water  bring  shaken,  and  their  bursting 
with  more  or  less  noise,  while  the  air  is  mak- 
ing its  escape. 

The  sediment  deposited  by  the  wate^  in 
the  well  is  likewise  to  be  examined :— if  it  be 
yellow,  it  indicates  the  presence  of  iron  ;  if 
black,  that  of  iron  combined  with  sulphur ; 
but  chalybeate  waters  bring  seldom  sulphu- 
retted, the  latter  occurs  very  rarely.  As  to 
the  colour  of  the  water  itself,  there  are  few 
instances  where  this  can  give  any  indication 
of  its  contents,  as  there  are  not  many  sub- 
stances that  colour  it. 

The  odovLT  of  the  water  serves  chiefly  to 
discover  the  presence  of  sulphuretted  hydro- 
gen in  it :  sudi  waters  as  contain  this  sub- 
stance have  a  peculiar  fetid  smell,  somewhat 
resembling  rotten  eggs. 

The  taste  of  a  spring,  provided  it  be  per- 
fectly ascertained  by  repeated  trials,  may 
affoid  some  useftil  indications  with  respect 
to  the  contents.  It  may  be  made  very  sen- 
sible^ by  tasting  water  in  which  the  various 
salts  that  are  usually  found  in  such  waters 
are  dissolved  in  various  proportions.  There 
is  no  certain  dependence,  however,  to  be 
placed  on  this  mode  of  investigation  ;  ibr  in 
many  springs,  the  taste  of  sulphate  of  soda 
is  disguised  by  that  of  the  sea  salt  united 
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.^nth  it.     The  water  too  if  not  only  to  be  snlplniretted  bydrogen  gn.     It  reddens  the 

Uftted  at  the  spring,  but  after  it  has  stood  for  infusion  of  litmus  fugadonsly.     It  bl«  ~ 

some  time.     This  precaution  must  be  paiti.  paper  dipped  into  a  solution  of  lead, 

cularly  obserred  with  respect  to  such  waters  precipitates  the  nitrate  of  silrer  black 

as  are  impregnated  with  carbonic  add ;  for  brown. 

the  other  subsUoces  contained  in  them  make  4b  Alkalis,  and  alkaline  and  eartfaj 
no  impression  on  the  tongue,  till  the  caibo-  bonates,  are  distinguished  by  tfae  IbUowtng 
nic  acid  has  made  its  escape ;  and  it  is  for  tests  :-*-The  infusion  of  turmeric,  or  pofMr 
the  — «"«»  reason  that  these  waters  must  be  stained  with  turmeric,  is  rendered  brown  bj 
evaporated  in  part,  and  then  tasted  again.  alkalis ;  or  reddish4>rown,  if  the  quantity  be 
Tbough  the  specific  gravity  of  any  water  minute.  This  change  is  produced  when  file 
contributes  but  very  little  toirards  determin-  soda  in  water  amounts  only  to  ^^j  ^  part, 
ing  iu  contents,  still  it  may  not  be  entirriy  Paper  stained  with  brasil  wood,  or  the  in- 
useless  to  know  the  specific  weight  of  the  fusion  of  brasil  wood,  is  rendered  blue ;  but 
water,  the  situation  of  the  spring,  and  the  this  change  is  produced  also  by  the  alkaline 
kind  of  sediment  deposited  by  it.  and  earthy   carbonates.     Bergmann 


The  examination  of  the  water  by  means  of  tained,  that  water  containing  -9^73-  part  of 

reagents  shows  what  they  contain,  but  not  carbonate  of  soda  reddens  paper  stained  with 

bow  much  of  each  principle.     In  many  in^  j^^ji  ^^^d  blue.     Litmus  paper  reddened 

stances  this  is  as  much  as  the  inquiry  de-  f,y  vini^ar  is  restored  to  iU  original  blue 

roands ;  and  it  is  always  of  use  to  dnect  the  colour.     Tliis  change  is  produced  by  die 

proceedings  in  the  proper  analysis.  alkaline  and  earthy  carbonates  also.     When 

It  is  absolutely  necessary  to  make  the  ex-  tj,ese  changes  are  fugacious,  we  may  con- 

periment  with  water  iust  taken  up  from  the  ^lude  that  the  alkaU  is  ammonia, 

spring,  and  afterward  with  such  as  has  been  5^  ^^^  .n^^jg  ^j^t  j^  „^^^  ^^^  ^^^^^ 

exposed  for  some  houw  to  the  open  air ;  and  ^^^^  ,  precipitate  with  muriate  of  magnesia 

someUmes  a  third  essay  is  to  be  made  with  a  j^ft^r  being  boiled.     Volatile  alkali  may  be 

portion  of  the  water  that  has  been  boiled  and  distinguished  by  the  smell ;  or  it  may  be  ob- 

afterward  filtered.     If  the  water  contain  but  ^^^^^  j^  the  receiver  by  distilling  a  portion 

few  saUne  particles,  it  must  be  evaporated  j  ^  ^^e  water  gently,  and  then  it  may  be  di». 

as  even  the  most  sensible  reagenU  do  not  m  tinguished  by  the  above  tests, 

the  least  affect  it,  if  the  salts,  the  presence  ^  Earthy  and  meUlhc  cartjonates  are  pte^ 

of  which  is  to  be  discovered  by  them,  are  cipitated   by  boiling   the  water  containiqg 

diluted  with  too  great  a  quantity  of  water,  ^^em ;  except  carbonate  of  magnesia,  vUdi 

Now,  it  may  happen,  tiiat  a  water  shall  be  j,  precipitoted  but  iroperfecUy. 

impregnated  witii  a  considerable  number  of  7    j^n   i.   discovered   by  Uie  following 

laUne  particles  of  different  kinds,   tiiou^  tests:— The  addition  of  tincture  of  galls  gives 

some  of  Uiem  may  be  present  m  too  sroaU  ^^^^^^  containing  iron,  a  purple  or  Uack 

a  quantity ;  for  which  reason  tiie  water  must  ^^1^^,^     j^is  test  indicates  die  presence  of 

be  examined  a  second  time,  after  having  been  ^  ^^  minute  portion  of  iron.     If  the  tine- 

boiled  down  to  tiiree-fourUis.  ^^^  ha^e  no  effect  upon  die  water,  after 

The  substances  of  which  die  presence  is  boiling,  tiiough  it  colours  it  before,  the  iron 

discoverable  by  reagento  are,—  is  in  die  slate  of  a  cartwnate.    ThefoUowing 

1.  Cartjonic  acid.  When  tins  is  not  com-  observations  of  M'estrumb  on  the  colour 
bined  witii  any  base,  or  notwidi  sufficient  to  ^^ich  iron  gives  to  gaUs,  as  modified  by 
neutralize  it,  d>e  addition  of  lime  water  will  ^ther  bodies,  deserve  attention.  A  violet 
dirow  down  a  precipitate  soluble  widieffer-  indicates  an  alkaline  carbonate,  or  eanby  salt 
▼escence  in  muriatic  acid.  The  infusion  of  jy„^  purple  indicates  odier  alkaline  salts, 
litmus  is  reddened  by  it ;  but  tiie  red  colour  Purplish-red  indicates  sulphuretted  hydrogen 
gradually  disappears,  and  may  be  again  re-  Whitish,  and  then  black,  indicates  sul- 
atored  by  the  addition  of  more  of  tiie  mmend  ^^^  ^f  jj^^  j^Ir  Phillips  has  lately  as- 
water.  When  boiled  it  loses  die  property  of  certained,  diat  while  die  iron  is  HtUe  oxided, 
reddening  die  infusion  of  htmus.  Accord-  ^^e  presence  of  lime  radier  facilitetes  die  ap. 
ing  to  Pfaff.  die  most  sensible  test  of  dus  pUcation  of  this  test;  but  die  lime  prevents 
acid  is  acetete  of  lead.  the  ,^t  f^^^  ,,^„g^  prorided  die  iron  be 

2.  The  mineral  acids,  when  present  un-  considerably  oxidised.  The  prussian  alkati 
combined  in  water,  give  die  infusion  of  lit-  occasions  a  blue  precipitate  in  water  contain- 
mus  a  permanent  red,  even  diougb  die  water  j^^  j^„  jf  ^^  ^,^,,j  ^e  present,  die  blue 
has  been  boiled.  Bergmann  has  shown,  that  precipitate  does  not  appear,  unless  die  alkaU 
paper  stained  with  litmus  is  reddened  when  j,  „turated  with  an  add. 

dipped  into  water  containing  -^^  of  sul-  a  Sulphuric  acid  exists  in  waters  that  form 

phuric  acid.  a  precipitete  with  the  following  solutions : — 

a  Water  containing  sulphuretted  hydro-  Muriate,  nitrate,  or  acetate  of  baryta,  stron- 

gen  gas  is  distinguished  by  the  following  tia,  or  lime,  or   nitrate  or  acetate  of  lead, 

properties : — It  exhales  the  peculiar  odour  of  Of  these  the  most  powerful  by  fiir  is  muiiale 
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of  bujXaf  which  is  capable  of  detecting  the 
presence  of  sulphuric  add  uncombined,  when 
it  does  not  exceed  the  millionth  part  of  the 
water.  Acetate  of  lead  is  next  in  point  of 
power.  The  muriates  are  more  powerful 
than  the  nitrat^  The  calcareous  salts  are 
least  powerful.  All  these  'tests  are  capable 
of  indicating  a  much  smaller  proportion  of 
uncombined  sulphuric  add,  than  when  it  is 
comlMned  with  a  base.  To  render  muriate 
of  baryta  a  certain  test  of  sulphuric  acid,  the 
following  precautions  roust  be  observed  :— 
Hie  muriate  must  be  diluted  ;  the  alkalis  or 
alkaline  carbomites,  if  the  water  contain  any, 
must  be  previously  saturated  with  muriatic 
add;  the  predpitate  roust  be  insoluble  in 
muriatic  acid ;  if  boradc  add  be  suspected, 
muriate  of  strontia  must  be  tried,  which  is 
not  predpitated  by  l>oradc  add.  The  by- 
drosulphurets  precipitate  barytic  solutions; 
but  thdr  presence  is  easily  discovered  by  the 
smell. 

0.  Muriatic  add  is  detected  by  nitrate  of 
silver,  which  occasions  a  white  predpitate, 
or  a  cloud,  in  water  containing  an  exceed- 
ingly minute  portion  of  this  acid.  To  ren- 
der this  test  certain,  the  following  precau- 
tions are  necessary :— The  alkalis  or  carbo- 
nates must  be  previously  saturated  with 
nitric  add.  Sulphuric  add,  if  any  be  pre- 
sent, roust  be  previously  removed  by  means 
of  nitrate  of  baryta.  The  predpitate  must 
be  insoluble  in  nitric  add.  Pfatt'  says,  that 
the  mild  nitrate  of  mercury  is  the  most  sen- 
sible test  of  muriatic  add;  and  that  the 
predpitate  is  not  soluble  in  an  excess  of  any 
arid. 

10.  Boracic  add  is  detected  by  means  of 
acetate  of  lead,  with  which  it  forms  a  pred- 
pitate insoluble  in  acetic  add.  But  to  ren- 
der this  test  certain,  the  alkalis  and  earths 
must  be  previously  saturated  with  acetic  acid, 
and  the  sulphuric  and  muriatic  acids  remov- 
ed by  means  of  acetate  of  strontia  and  ace- 
tate of  silver. 

11.  Baryte  is  detected  by  the  insoluble 
white  predpitate  which  it  forms  with  diluted 
sulphuric  acid. 

18.  Lime  is  detected  by  means  of  oxalic 
add,  which  occasions  a  white  precipitate  in 
water  containing  a  very  minute  proportion 
of  this  earth.  To  render  this  test  decisive, 
the  following  precautions  are  necessary  :— 
The  mineral  acids,  if  any  be  present,  must 
be  previously  saturated  with  an  alkali. 
Baryta,  if  any  be  present,  must  be  pre- 
viously removed  by  means  of  sulphuric 
add.  Oxalic  add  predpitates  magnesia  but 
very  slowly,  whereas  it  predpitates  lime  in- 
stantly. 

13.  Magnesia  and  alumina.  The  pre- 
sence of  these  earths  is  ascertained  by  the 
following  tests :— Pure  ammonia  predpitates 
them  both,  and  no  other  earth,  provided  the 
carbonic  add  have  been  previously  separated 


by  a  fixed  alkali  and  boiling.     Lime  waier 
predpitates  only  these  two  earths,  provided' 
the  carbonic  add  be  previously  removed,  and 
the  sulphuric  add  also,  by  means^of  nitrate' 
of  baryta. 

The  alumina  may  be  separsted  from  the 
magnesia,  after  both  have  been  predpitated 
together,  dther  by  boiling  the  precipitate  in 
caustic  potash,  which  dissolves  the  alumina 
and  leaves  the  magnesia ;  or  the  precipiuite' 
may  be  dissolved  in  muriatic  add,  predpi- 
tated by  an  alkaline  carbonate,  dried  in  the* 
temperature  of  100^,  and  then  exposed  to 
the  action  of  diluted  muriatic  acid,  which* 
dissolves  the  magnesia  without  touching  the 
alumina. 

14^  Silex  may  be  ascertained  by  evapo- 
rating a  portion  of  water  to  dryness,  and 
redissolving  the  precipitate  in  muriatic  add. 
The  silex  remains  behind  undissolved. 

By  these  means  we  may  detect  the  pre- 
senceof  the  different  substances  commonly 
found  in  waters ;  but  as  they  arc  genendly 
combined  so  as  to  form  salts,  it  is  necessary 
we  should  know  what  these  combinations 
are.  '  Hiis  is  a  more  difficult  task,  which 
Mr  Kirwan  teaches  us  to  accomplish  by  the 
following  methods  :— 

1.  To  ascertain  the  presence  of  the  dif* 
ferent  sulphates. 

The  sulphates  which  occur  in  water  are 
seven ;  but  one  of  these,  namely,  sulphate 
of  coftpert  is  so  uncommon,  that  it  may  be 
excluded  altogether.  Hie  same  remark  a^ 
plies  to  sulphate  of  ammonia.  It  is  almost 
unnecessary  to  observe,  that  no  sulphate 
need  be  looked  for,  unless  both  its  add  and 
base  have  been  previously  detected  in  the 
water. 

Sulphate  of  soda  may  be  detected  by  the 
following  method :— >Free  the  water  to  be 
examined  of  all  earthy  sulphates,  by  eva- 
porating it  to  one-half,  and  adding  lime 
water  as  long  as  any  predpitate  appears. 
By  these  means,  the  eaiths  will  all  be  pre- 
dpitated except  lime,  and  tbe  only  remain- 
ing earthy  sulphate  will  be  sulphate  of  lime, 
which  will  be  separated  by  evaporating  the 
liquid  till  it  becomes  concentrated,  and  then 
dropping  into  it  a  little  alcohol,  and,  after 
filtration,  adding  a  little  oxalic  acid.  • 

With  the  water  thus  purified,  mix  solu- 
tion of  lime.  If  a  predpitate  appear,  ei- 
ther immediately,  or  on  the  addition  of  a 
little  alcohol,  it  is  a  proof  that  sulphate  of 
potash  or  of  soda  is  present  Which  of  the 
two  may  be  determined,  by  mixing  some  of 
the  purified  water  with  acetate  of  baryta. 
Sulfdiate  of  baryU  predpitates.  Filter  and 
evaporate  to  dryness.  Digest  the  residuum 
in  alcohoL  It  will  disMlve  the  alkaline 
acetate.  Evaporate  to  dryness,  and  the' 
dry  salt  will  deliquesce  if  it  be  acetate  of 
poiash,  but  effloresce  if  it  be  acetate   of 
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•  SulplMte  Df  lime  taty  be  detected  bj  etra- 
poreting  the  water  suqiected  to  contain  it 
to  a  few  ounces.  A  precipitate  appears, 
which,  if  it  be  sulphate  of  lime^  b  soluble 
in  500  parts  of  water;  and  the  solutioq 
allbffdi  a  precipitate  with  the  muriate  of  ba- 
rjrta,  oialic  actd»  carbonate  of  magnesia^  and 
alcohol. 

Alum  may  be  detected  by  mixing  carbo. 
nate  of  lime  with  the  water  suspected  to  con- 
tain it.  If  a  precipitate  appear,  it  indicates 
the  presence  of  alum,  or  at  least  of  sulphate 
of  iJumina;  provided  the  water  contains  no 
muriate  of  baryta  or  metallic  sulphates.  The 
first  of  these  sidts  is  incompatible  with  alum ; 
the  second  may  be  removed  by  the  alkaline 
prussiaCes.  MHien  a  precipitate  is  produced 
in  water  by  muriate  of  lime,  carl)ooate  of 
lime,  and  muriate  of  magnesia,  we  may  con- 
clude that  it  contslns  slum  or  sulphate  of 
alumina. 

Sulphate  of  msgnesia  may  be  detected  by 
means  of  hydrosulphuret  of  strontia,  which 
occasions  an  immediate  precipitate  with  this 
salt,  and  with  no  other ;  provided  the  water 
be  previouriy  deprived  of  alum,  if  any  be 
present,  by  means  of  carbonate  of  lime^  and 
provided  also  that  it  contains  no  uncom- 
bined  acid. 

Sulphate  of  iron  is  precipitated  from  water 
by  alcohol,  and  then  it  may  be  easily  recog- 
nised by  its  properties. 

2.  To  ascertain  the  presence  of  the  difie- 
rsnt  muriates. 

The  muriates  found  in  waters  amount  to 
oigfat,  or  to  nine,  if  muriate  of  iron  be  in- 
eluded.  The  most  common  by  lar  is  mu- 
riate of  soda. 

Muriate  of  soda  and  of  potash  may  be  de- 
lected by  the  following  method:— Separste 
the  sulphuric  acid  by  alcohol  and  nitrate  of 
baryta.  Decompose  the  earthy  nitrates  and 
muriates  by  adding  sulphuric  acid.  Expel 
the  excess  of  muriatic  and  nitric  acids  by 
heat  Separate  the  sulphates  tlius  formed 
by  alcohol  and  baryta  water.  The  water 
thus  purified  can  contain  nothing  but  alka- 
line nitrates  and  muriates.  If  it  form  a 
precipitate  with  acetate  of  silver,  we  may 
conclude  tlwt  it  contains  muriate  of  soda  or 
of  potash.  To  ascertain  which,  evaporste  the 
liquid  thus  precipitated  to  dryness.  Dissolve 
the  acetate  in  alcohol,  and  again  eeaporate 
to  dryness.  The  salt  will  deliquesce,  if  it 
be  acetate  of  potash ;  but  effloresce,  if  it  be 
acetate  of  soda. 

The  potash  salts  are  most  readily  distin- 
guished by  the  precipitate  which  they  afibrd 
tf>  muriate  of  platinum,  which  the  soda  salts 
do  not  occasion. 

Muriate  of  baryta  may  be  detected  by 
sulphuric  acid,  as  it  is  the  only  barytic  salt 
hitherto  found  in  water. 

Muriate  c^  lime  may  be  detected  by  the 
following  method  :<— FVee  the  water  from 


sulphate  of  fime  and  other  igliilmtfliy  by 
poniting  it  to  a  few  ouooesi  miii^g  it  «riA 
alcohol,  and  adding  last  of  all  nkrMe  of 
baryta  as  long  as  any  precipitate  spptian. 
Filter  the  water;  evaporate  to  dryoeas ;  tnt/L 
the  dry  mass  with  akohol ;  evaporate  the  al- 
cohol to  dryness ;  and  dissolve  the  residiioai 
in  water.     If  this  solution  give  a  prectpstata 
vrith  acetate  of  silver  and  oxalic  add.  it  may 
contain  muriate  of  lime.     It  must  cootaia 
it  in  that  case^  if,  after  being  treated  widi 
carbonate  of  lime,  it  give  no  precipitate  with 
ammonia.     If  the  liquid  in  the  receiver  gpva 
a  precipitate  with  nitiate  of  silver,  mniiala 
of  lime  existed  in  the  water. 

Muriate  of  magnesia  may  be  detected  by 
separating  all  the  sulphuric  add  by  lacaas  dT 
nitrate  of  baryta.  FOter,  evaponCa  to  dry* 
ness,  and  treat  the  dry  mass  with  alcohoL 
Evaporate  the  alcoholic  solution  to  dtyaca^ 
and  dissolve  the  residuum  in  water.  The 
muriate  of  nuignesia,  if  the  water  cootained 
any,  will  be  found  in  thu  solutioa.  Let  ua 
suppose^  that,  by  the  tests  formerly  describ- 
ed, the  presence  of  muriatic  acid  and  of 
magnesia,  in  this  solution,  has  been 
tained.  In  that  caae,  if  caibonate  of 
afford  no  predpitate^  and  if  sulphuric 
and  evaporation,  together  with  the  additisn 
of  a  little  alcohol,  occasion  no  psecipitatek 
the  solution  contains  only  muriate  of  nu^ 
nesia.  If  these  tests  give  predpitates,  we 
must  separate  the  lime  which  is  |inwiil  by 
sulphuric  add  and  alcohol,  and  disifl  off  the 
add  with  which  it  was  combined.  Then 
Ae  magnesia  is  to  be  acparatsd  by  the  eixalic 
add  and  alcohol,  and  the  add  with  wlach 
it  was  united  is  to  be  distilled  oO:  If  d» 
liquid  in  the  retort  give  a  predpitate  with 
nitrate  of  silver,  the  water  cootaina  «"*rTflfr 
of  magnesia. 

Muriate  of  alumina  may  be  discovered 
by  saturating  the  water,  if  it  oontsin  an  ex- 
cess of  alkali,  with  nitric  add,  and  by  se- 
parating the  sulphuric  add  by  means  of  ni- 
trate of  baryta.  If  the  liquid,  thus  puri- 
fied, give  a  prcdpitate  with  caibcmate  of 
lime,  it  contains  muriate  of  alumina.  Tbe 
muriate  of  iron  or  of  numganese,  if  any  be 
present,  is  also  decomposed,  and  the  iron 
predpitated  by  this  salt.  The  predpitata 
may  be  dissolved  in  muriatiG  add,  and  the 
alumina,  iron,  and  manganese,  if  they  be 
present,  may  be  separatni  by  the  rules  laid 
down  below. 

3,  To  ascertain  the  presence  of  the  dif- 
ferent nitrates.  The  nitrates  but  seldom 
occur  in  waters;  but  when  they  do,  tiiey 
may  be  detected  by  the  following  results  :.^ 
Alkaline  nitrates  may  be  detected  by  liee. 
ing  the  water  examined'  from  sulphuric  arid 
by  means  of  acetete  of  baryta,  and  from 
muriatic  add  by  acetate  of  silver.  £v»- 
pomte  the  61tercd  liquid,  and  treat  the  diy 
mass  with  alcohol :  what  the  alcohol  leaves 
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puk  caomt  only  of  the  alludiiM  mtratet  and 
•0«ta(e  of  lioM.  Diaolvo  it  in  water.  If 
caibooate  of  magocBia  oecaaon  a  pracipa* 
4ate»  lima  ja  pntent  Sapaiate  tbe  Uma  by 
maaoa  of  carbonata  of  magnesia.  Flltar 
and  avaponla  to  dryneM^  and  treat  tba  dried 
maw  with  akoboL  Tbe  alcohol  now  leavei 
only  tba  alkaline  nitrates,  wbich  may  be 
easily  recognised,  and  distinguishad  by  their 
respective  properties. 

Mr  Faraday  has  lately  detected  nitrie  add 
in  tbe  form  of  a  nitrate,  in  a  Cheltenham 
water  called  tbe  Orchard-well.  On  adding 
aulphnric  add  to  a  portion  of  this  water,  in 
quantity  abundantly  soffident  to  decompose 
all  tbe  salts  sutgect  to  its  action,  and  boil- 
ing such  scidulaled  water  in  a  Fkirenca  flaskt 
with  a  kaf  of  gold,  for  half  an  boor,  or  an 
hour,  the  gold  dtber  in  part  or  entirely  di»- 
appeared,  and  a  solution  was  obtained,  whid^ 
when  tested  by  protO'muriate  of  tin,  gave  a 
deep  purple  tint.  Hence,  the  presence  of 
•miiic  add  originally  in  the  water  was  infer- 
xed;  and  that  no  mistake  might  occur,  a 
solution  waa  made  in  pure  water  of  all  the 
salts  except  tbe  nttrste  found  in  the  water, 
,boiled  with  some  of  the  eame  sulphuric  add, 
and  tested  by  tbe  same  nrariate  of  tin ;  but 
in  this  case  no  colour  was  afforded,  or  any 
gold  dissolred.— ^Xncma/  ^  Seienee,  iviL 
.17a 

.  Nitrate  of  lime.  To  detect  this  salt, 
concentrate  tbe  water,  and  mix  it  vrith  al- 
cohol to  separate  the  sulphates.  Filter,  and 
distil  off  the  aksobol  $  then  separate  the 
muriatic  add  by  acetate  of  silver.  Filter, 
evaporate  to  dryness,  and  dissolve  tbe  rcsi^ 
duum  in  alcohol.  Evaporate  to  dryness, 
and  dissolve  the  dry  mass  in  water.  If  this 
last  solution  indicate  the  presence  of  lime 
by  tbe  usual  tests,  the  water  contained  ni- 
trate of  lime. 

To  detect  nitrate  of  magnesia,  the  water 

ia  to  be  fieed  from  sulphates  and  muriates 

exactly  as  described  in  the  last  paragraph. 

Tbe  liquid  thus  puriBed  is  to  be  evaporated 

.to  dryness,  and  the  residuum  treated  with 

.alcohol.     Tbe  alcoholic  solution  is  to  be 

evaporated   to  dryness,   and  tbe  dry  maas 

dissolved  in  water.     To  this  solution  potash 

ia  to  be  addciD,  as  long  as  any  precipitate 

appears.     The  solution,  filtered,  and  again 

evaporated  to  dryness,  is  to  be  treated  with 

aloohoL    If  it  leave  a  residuum  consisting  of 

.nitre  (tbe  only  residuum  wbich  it  can  leave), 

tbe  water  contained  nitrate  of  magnesia. 

Such  sra  the  methods  by  which  tbe  pre- 
sence cf  the  different  saline  cvmtents  of  wa- 
ters may  be  ascertained.  Tbe  labour  of 
.analysis  may  be  considerably  shortened  by 
obsemng,  that  the  following  salts  are  incom- 
patible with  each  other,  and  cannot  exist  to- 
gether in  water,  except  in  very  minute  pro- 
portion:— 


C  Nitrates  of  lime  and  mag* 
Fixed  alkaline)     nesia, 
sulphates       y  Muriates  of  lime  and  mag- 
C     nesia. 

Sulphate  of      5^*^,      , 
lime  J  ^^"'^wiate  of:    ^_ 

C  Muriate  of  baryta. 

{Alkalis, 
Muriate  of  bar]^ 
Nitrate^  muriate,  cartionate, 
of  lime. 
Carbonate  of  magnesia, 
r  Alkalis, 
Sulphate  <^      J  Muriate  of  baryta, 
magnesia      y  Nitrate  and  muriate  of 
C     lime. 

C  Earthy  caibonales. 


Muriate  of 
baryta 


C  Sulphates, 

<  Alkaline  cariMtnatei^ 

C  Earthy  carbooales. 

i  Sulphates,  except  of  lime. 

Muriate  of  lime  ^  Alkaline  cartMoates, 
C  Earthy  carbonates. 

Muriate  of        (  Alkaline  carbonates, 
magnesia       (  Alkaline  sulphates. 
r  Alkaline  carbonates, 

Nitrate  of  Hme  )  ^^"'J'™?**  *^  ""S™^  •»* 
J     alumina, 

C  Sulphates,  except  of  lime. 

Beside  the  substances  above  described, 
there  is  sometimes  found  in  water  a  quantity 
of  bitumen  combined  with  alkali,  and  in  the 
state  of  soap.  In  such  waters,  adds  occasion 
a  coagulation;  and  the  coagulum  collected 
on  a  filter  discoven  its  bituminous  nature  by 
its  combustibility. 

Water  also  sometimes  contains  extractiva 
matter;  the  presence  of  wbich  may  be  de- 
tected by  means  of  nitrate  of  silver.  Tbe 
water  suspected  to  oontdn  it,  must  be  freed 
from  sulphuric  and  nitric  add  by  means  of 
nitrate  of  lead ;  after  this,  if  it  give  a  brown 
precipitate  with  nitrate  of  silver,  we  may  con- 
clude that  extractive  noatter  is  present. 

But  it  is  not  suflident  to  know  that  a 
mineral  water  contains  certain  ingredients; 
it  is  necessary  to  ascertain  the  proportions  of 
these,  and  thus  we  arrive  at  thdr  complete 
analysis. 

1.  Tbe  different  aerial  fluids  ought  to  be 
first  separated  and  estimated.  For  this  pur- 
pose^ a  retort  should  be  filled  two-thirds  with 
the  water,  and  connected  with  a  jar  Cull  of 
mercury,  standing  over  a  mercurial  trough. 
Let  the  water  lie  made  to  boil  for  a  quarter 
of  an  liour.  Tbe  aerial  fluids  will  pass  over 
into  the  jar.  When  tbe  apparatus  is  cool, 
.the  quantity  of  air  expdled  from  the  water 
may  be  determined,  dtber  by  bringing  the 
mercury  within  and  without  the  jar  to  a 
level,  or,  if  this  cannot  ha  done,  by  reducing 
the  dr  to  the  proper  density  by  calculation. 
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The  air  of  tbe  retort  ought  to  bo  carefully        2.  After  having  estimated   die  gaaconi 

BUbtracted,  and  the  jar  should  be  divided  bodies,  tbe  next  step  is  to  ascertain  tiie  pto* 

into  cubic  inches  and  tenths.  portion  of  the  earthy  carbonates.      For  tins 

Tbe  only  gaseous  bodies  contained  in  w»-  purpose  it  is  necessary  to  deprive  the  water 

ter  are^— common  air,  oxygen  gas,  nitrogen  ofits  sulphuretted  hydrogen,  if  it  contain  any. 

gas,   carbonic  add,  sulphuretted  hydrogen  This  may  be  done,  either  by  exposing  it  to  the 

gas,  and  sulphurous  acid.      The  last  two  air  for  a  conuderable  time,  or  treating  it  vrifh 

never  exist  in  water  together.    The  presence  litharge.     A  sufficient  quantity  of  the 


of  either  of  them  must  be  ascertained  previ-  thus  purified  if  necessary,  is  to  be  boQcd  lor 

ously,  by  the  application  of  the  proper  tests,  a  quarter  of  an  hour,  and  filtered  when  cooL 

If  sulphuretted  hydrogen  gas  be  present,  it  The  earthy  carbonates  remain  on  the  filter, 
vrill  be  mixed  with  the  air  contained  in  the         The  precipitate  thus  obtaineif  may  be 


glass  jar,  and  must  be  separated  before  this  bonate  of  lime,  of  magnesia,  of  iron,  of  ahs- 

air  be  examined.    -  For  this  purpose  the  jar  mina,   or  even  sulphate  of  lime.     Let  as 

must  be  removed  into  a  tub  of  warm  water,  suppose  all  of  these  substances  to  be  pujtnt 

and  nitric  acid  introduced,  which  will  absorb  together.     Treat  the  mixture  with  dButed 

the  sulphuretted  hydrogen.     The  residuum  muriatic  acid,  which  will  dissolve  die  whole 

is  then  to  be  again  put  into  a  mercurial  jar,  except  tbe  alumina  and  sulphate  of  limCL 

and  examined.  Dry  this  residuum  in  a  red  heat,  and  note 

If  the  water  contain  sulphurous  acid,  this  the  weight.     ITien  boil  it  in  carbcnate  of 

previous  step  is  not  necessary.     Ii}troduce  soda,  saturate  the  soda  with  mttiiatic  acid, 

into  the  air  a  solution  of  pure  potash,  and  and  boil  the  mixture  for  half  an  boor.     Car> 

agitate  the  whole   gently.      The   carbonic  bonate  of  lime  and  alumina  precipitate     Diy 

acid  and  sulphurous  acid  gas  will  be  ab-  this  precipitate,  and  treat  it  with  acetic  and. 

sorbed,  and  leave  the  other  gases.    The  bulk  The  lime  will  be  dissolved,  and  tbe  alomiaa 

of  this  residuum,  subtracted  from  the  bulk  will   remain.      Dry  it  and  weigh   ft.     Its 

of  the  whole,  will  give  the  bulk  of  tbe  carbo-  weight  subtracted  from  the  original  weight, 

nic  acid  and  sulphurous  acid  absorbed.  gives  tbe  proportion  of  sulphate  of  lime. 

Evaporate  the  potash  slowly,  almost  to  The  muriatic  solution  contains  fime,  mag- 
dryness,  and  leave  it  exposed  to  the  atmo-  nesia,  and  iron.  Add  ammonia  as  kmg  asa 
sphere.  Sulphate  of  potash  will  be  formed,  reddish  precipitate  appears.  Tbe  iron  and 
whidi  may  be  separated  by  dissolving  the  part  of  the  magnesia  are  thus  sepanted. 
carbonate  of  potash  by  means  of  diluted  mu-  Dry  the  precipitate,  and  expose  it  to  the  air 
riatic  add,  and  filtering  the  solution.  100  for  some  time  in  a  heat  of  200^;  then  treat 
grains  of  sulphate  of  potash  indicate  36.4  it  with  acetic  add  to  dissolve  the  magnesia; 
grains  of  sulphurous  add,  or  53.66  cubic  which  solution  is  to  be  added  to  the  muriatic 
inches  of  that  add  in  the  state  of  gas.  The  solution.  The  iron  is  to  be  redianlvcd  in 
bulk  of  sulphurous  add  gas  ascertained  by  muriatic  add,  predpitated  by  an  aUcaGne 
this  method,  subtracted  from  the  bulk  of  the  carbonate,  dried  and  wdgbed. 
gas  absorbed  by  the  potash,  gives  the  bulk  Add  sulphuric  add  to  the  mnriatic  solo- 
of  the  carbonic  add  gas.  Now  100  cubic  tion  as  long  as  any  predpitate  appears;  then 
inches  of  carixmic  add,  at  the  temperature  heat  the  solution,  and  concentrate.  Heat 
of  60<*  and  barometer  30  inches,  wdght  46.6  the  sulphate  of  lime  thus  obtdned  to  red- 
grains.  Hence  it  is  easy  to  ascertain  ite  ness,  and  weigh  it.  100  grains  of  it  are 
wdght.  equivalent  to  74  7  of  carbonate  of  lime  dried. 

'^e  gas  remaining  may  be  examined  by  fVedpitate  the  magnesia  by  means  of  cariMK 

the  common  eudiometrical  processes.  nate  of  soda.     Dry  it  and  wdgh  it.     Bntas 

When  a  water  contains  sulphuretted  by-  part  remains  in  solution,  evaporate  to  dry- 

drogen  gas,  die  bulk  of  this  gas  is  to  be  ness,  and  wash  the  residuum  with  a  sufifeieot 

ascertained  in  the  following  manner :— Fill  quantity  of  distilled  water,  to  dissolve  the 

three-fourths  of  a  jar  with  the  water  to  be  muriate  of  soda  and  sulphate  of  lime,  if  any 

examined,  and  invert  it  in  a  water  trough,  be  still  present     What  remains  behind  is 

and  introduce  a  littie  nitrous  gas.    This  gas,  carbonate  of  magnesia.     Wdgh  it,  and  add 

mixing  with  the  ur  in  the  upper  part  of  the  iu  weight  to  the  former.     The  sulphate  of 

jar,  wOl  farm  nitrous  add,  which  will  render  lime,   if  any,   must  also  be  separated  and 

the  water  turbid,  by  decomposing  the  sul-  weighed. 

phuretted  hydrogen,  and  precipitating  sul-  a  We  have  next  to  ascertain  the  prapor- 
phur.  Continue  to  add  nitrous  gas  at  in-  tion  of  mineral  adds  or  alkalis,  if  any  he 
tervals  as  long  as  red  fumes  appear,  then  present  uncombined.  Tbe  adds  which  may 
turn  up  the  jar  and  blow  out  tbe  air.  If  the  be  present,  omitting  the  gaseous,  are  the  sol- 
hepatic  smell  continue,  repeat  this  process,  phuric,  muriatic^  and  boradc 
The  sulphur  predpitated  indicates  the  pro-  The  proportion  of  sulphuric  add  is  easfly 
portion  of  hepatic  gas  in  the  water ;  one  grun  determined.  Saturate  it  widi  baryta  water, 
of  sulphur  indicating  tbe  presence  of  nearly  and  ignite  the  precipitate.  100  grains  of 
S  cubic  inches  of  this  gas.  ^ 
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mlpfa«teof.bMfytetlmBfcffnitd,i]idiGaleS4bO  mm  (h*  pfcqipitit^  w]«ck  cgOMtsbptb  of 

of  real  sulphmie  acid*  lime  and  magDcsja,  is  to  be  duaoUed  in.  luU 

•    fiotucale  the  imtiiaftic  acid  with  baiyta  pburic  acid  evaporated  to  dryneisy  and  treated 

water,  and  then  piect|MtBte  the  barjta  bj  niW  with. .  twiee  its  weight  of  cold  water*  whisli 

pkuric  acid.     IW  parte  ef  the  ignitad  preci*  diwo^Yee  the  tulphate  of  nu^eua,  and  leaves 

pitate  are  equivalent  to  8&73  grains  of  rsal  the  otfiee  salt..    Let  the  sulphate  of  magnor 

mufiatic  acuL  tm  be  evaporated  to  drynesst  exposed  to  a 

Precipitate  the  beeacio  add  by  means  of  heat  of  4(00^»  and  weighed.     The  same  pror 

acetate  of  lead.     Decompose  the  bomte  of  cem  mtrt^nt  if  alum  be  present  instead  of 

lead  by  boiling  it  in  sulfdiuric  acid.     Era*  sulpbatp  of  lime..     The  precipitate  in  this 

porate  to  dryness.     Dissolve  the  boradc  acid  eascw  previously  dried,  is  to  be  treated  with 

in  alcohol,  and  evaporate  the  solution;  the  aieetic  aiadi  which  dissolves  the  magneviai 

add  left  behind  may  be  weighed.  and  leaves  the  alumina.    The  magnesia  may 

To  estimate  tlie  proportion  of  alkaline  be  ^gain  piecipi(»ted,  dried*  and  weighed, 

-carbonate  pvasent  in  a  water  containing  it»  K  sulphate  ef  iron  be  prasentt  it  may  be  so* 

saturate  it  with  sulphuric  add^  and  note  the  panted  by  exposing  ihe  water  to  the  air  Ibv 

weight  of  real  acid  neosssary..    Now  100  some  days,  and  mixing  with  it  a.  portion  of 

grains  of  real  sulphuric  acid  saturate  1S0.0  alumina.     Both  the  oxide  of  iron  and  the 

potash,  and  80.0.  soda.  sulphate  of  alumina,  thus  formed,  predpitate 

4.  The  alkaline  sulphates  may  be  estimated  in  the  state  of  an  insoluble  powder.     The 

by  precipitating  their  add  by  means  of  nip>  sulphate  of  magnesia  may  then  be  estimated 

trate  of  baryta,  having  previously  fteed  the  by  the  rules  above  given, 
water  from  all  other  sulphates;  for  14»75         Sulphate  of  iroix  may  b^  estimated  by  pre- 

grsins  of  ignited  sulphate  of  baryta  indicate  dpitating  the  iron  by  means  of  pq^ssic  alkali. 

9.0  grains  of  dried  sulphate  of  soda;  while  having  previously  determined  the  wdght  of 

14w75  sulphate  of  baryta  indicate  11  of  dry  the  pr^pitate  produced  by  the  pnissiBte  in 

sulphate  of  potash.  a  solution  of  a  given  weight  of  sulphate  of 

Sulphate  of  lime  is  easily  estimated,  by  iron  in  water.     If  muriate  of  iron  be  also 

evaporating  the  liquid  containing  it  to  a  few  present,  which  is  a  very  rare  case,  it  may  be 

ounces  (having  preriously  saturated  the  earthy  separated  by  evaporatiog  the  water  to  dry<» 

carbonate  with  nitric  add),  and  predpitating  ness,  and.  treating  the  residuum  with  alcohol* 

the  sulphate  of  lime  by  means  of  weak  alco*  which  dissolves  the  muriate,  and  leaves  the 

faoL     It  may  then  be  dried  and  weighed*  sulphate. 

Hie  quantity  of  alum  may  be  estinyatcd         &•  If  muriate  of  potest*  or  of  soda,  witbr 

by  predpitating  the  alumina  by  carbonate  of  out  any  other  salt,  exist  in  water,  we  have 

Ifane  or  of  magnesia,  (if  no  lime  be  present  only  to  decompose  them  by  nitrate  of  silver^ 

in  the  liquid).     Eleven  grains  of  the  ahif  and  dry  the  predpitate ;  for  IB.25  of  mu*- 

mina,  heated  to  incandescence^  indicate  100  viate  of  silver  indicate  9.5  of  muriate  of  pot- 

of  crystallized  alum,  or  55  of  dried  salt.  ash ;  and  18.25  of  muriate  of  silver  indicate 

Sulphate  of  magnesia  may  be  estimated«  7.5  of  common  salt. 
provided  no  other  sulphate  be  present,  by         The  same  process  is  to  be  followed  if  the 

predpiteting  the  add  by  means  of  a  bai7tic  alkaline  carbonates  be  present ;  only  these 

salt,  as  14u75  parte  of  ignited  sulphate  of  carbonates  must  be  pieviously  saturated  with 

baryto  indicate  7.5  of  sulphate  of  magnesia,  sulphuric  add ;  and  we  must  predpitate  th^ 

If  sulphate  of  lime,  and  no  other  sulphate,  muriatic  add  by  means  of  sulphate  of  silver 

accompany  it,  this  may  be  decomposed,  and  instead  of  nitrata    The  presence  of  sulphato 

the  lime  prsdpitated  by  csrbonata  of  m«g-  of  sod^  does  not  injure  the  success  of  this 

neiia.    The  weight  of  the  lime  thus  obtained  process. 

enables  us  to  ascertain  the  quantity  of  sul-         If  muriate  of  ammonia  accompany  either 

phate  of  lime  contained  in  the  water.     The  of  the  fixed  alkaline  sulphates  without  the 

whole  of  the  sulphuric  add  is  then  to  b^  presence  of  any  other  salt,  decompose  the  sal 

precipitated  by  baryta.    This  gives  the  quan-  ammoniac  by  baryta  water,  expd  the  ammo- 

tity  of  sulphuric  add ;  and  subtracting  the  nia  by  boiling,  pfedpitate  tlie  beryta  by  d^ 

portion  which  belongs  to  the  sulphate  of  luted  sulphuric  add,  and  saturste  the  muri- 

Ume,  there  remains  that  which  was  combined  atic  add  with  soda.     The  sulphate  of  haiyl^ 

vrith  the  magnesia,  from  which  the  sulphate  thus  predpitated  indicates  the  quantity  of 

of  magnesia  may  be  easily  estimated.  muriate  of  ammonia,  14w75  grsins,  of  su)- 

If  sulphate  of  soda  be  present  no  earthy  phate  indicating  6.75  grains  of  this  aslt     If 

nitrate  or  muriate  can  exist*   Therefore^  if  no  any  sulphates  be  present  in  the  solution,  they 

other  earthy  sulphate  be  present,  the  magne-  ought  to  be  previously  separated* 
sia  may  be  precipiteted  by  soda,  dried  and         If  ooomion  salt  be  accompanied  by  mu- 

wdghed ;  2.5  grains  of  which  indicate  7.5  riate  of  lime,  muriate  of  msgnesia,  muriate 

grains  of  dried  sulphate  of  magnesia*     Hie  of  alumina,  or  muriate  of  iroii,  or  by  all  the^ 

same  process  succeeds  when  sulphate  of  lime  together,  without  any  other  salt,  the  earths 
accompanies  these  two  sulphates ;  only  in  this  3  F 
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may  be  predphaled  by  baryta  water,  and 
re^iaoWed  in  muriatic  add.  They  are  Chen 
to  be  separated  flmn  each  othet  by  tbe  rules 
formerly  laid  down,  and  their  weight,  being 
determined,  indicates  tbe  quantity  of  ercry 
particular  earthy  muriate  contaiMd  is  ifiw 
water.  For  60  gndna  of  lioMiiidfeaie  100 
of  dried  muriaie  of  lime;  90  grains  of  mag- 
nesia iodicaae  100  of  the  muriate  of  that 
earth ;  and  2L8  grains  of  alumina  indifate 
100  of  the  muriate  of  alumina.  The  baiyta 
is  to  be  separated  from  tbe  solution  by  sul- 
phuric add,  and  the  muriatic  add  expdled 
by  beat,  or  saturated  witii  soda :  the  com^ 
mon  salt  may  then  be  ascertained  by  evapora- 
tion, subtracting  in  the  last  case  tbe  propor- 
tion cf  common  salt  indicated  by  the  known 
quantity  of  muriatic  add  ftom  which  the 
earths  had  been  separated. 

When  sulphates  and  muriates  exist  toge- 
ther, they  ought  to  be  separated  dther  by 
predpitating  the  sulphates  by  means  of  alco- 
hol, or  by  eraporating  the  whole  to  dryness, 
and  disflolring  the  earthy  muriates  in  alco- 
hol. The  salts  thus  separated  ma^r  be  esti- 
mated by  tbe  rules  already  laid  down. 

When  alkaline  and  earthy  muriates  and 
sulphate  of  lime  occur  together,  the  last  is  to 
be  decomposed  by  means  of  muriate  of  b*- 
ryta.  Hie  preripitate  ascertains  tbe  weight 
Oi  sulphate  of  lime  contained  in  the  water. 
The  estimation  is  then  to  be  condacted  as 
when  nothing  but  muriates  are  present,  only 
ftom  the  muriate  of  lime  that  proportion  of 
muriate  must  be  deducted  which  is  known 
to  have  been  formed  by  the  addition  of  the 
muriate  of  baryta. 

¥rhen  nniiiates  of  soda,  magnesia,  and 
alumina  are  present,  together  with  sulphates 
of  lime  and  magnesia,  the  water  to  be  exa- 
mined ought  to  be  divided  into  two  equal 
portions.  To  the  one  portion  add  cartKv 
nate  of  magnesia  till  the  whole  of  the  lime 
and  alumina  is  predpitated.  Ascertain  the 
quantity  of  lime  which  gives  the  proportion 
of  sulphate  of  lime.  Fredpitete  the  sulphu- 
ric add  by  muriate  of  baryta.  This  gives 
the  quantity  contained  in  the  sulphate  of 
magnesia  and  sulphate  of  lime :  subtracting 
this  last  portion,  we  have  the  quantity  of  sul- 
phate of  magnesia. 

From  tbe  second  portion  of  water,  predpi- 
tate  all  the  magnesia  and  alumina  by  means 
of  lime  water.  The  wdght  of  these  earths 
enables  us  to  ascertain  the  wdght  of  muriate 
of  magneda  and  of  alumina  contdned  in 
the  water,  subtracting  that  part  of  the  mag- 
nesia which  existed  in  the  state  of  sulphate, 
as  indicated  by  the  examination  of  the  first 
portion  of  water.  After  this  estimation,  pre- 
dpitate  the  sulphuric  add  by  baryta  water, 
and  the  Ume  by  carbonic  add.  lie  liquid, 
evaporated  to  dryness^  leaves  the  common 
salt. 

S.  It  now  only  reDuins  to  explain  the  me- 


thod of  asoertnumg  the  propottMMi  of  Ae 
nitrates  winch  may  exiat  in 

When  nitre 
muriates  without  any 

by 

The  water,  after  filtration,  is  to  be  < 

to  dryness,  and  the  residuum  treated  vrith 

alcohol,  which  dissolves  die  acetsie^  and 

leaves  the  nitre,  the  quantity  of  wfakli 

be  eadly  calculated.    If  an  alkali  be 

it  ought  to  be  previously  saturaled  frith  sbU 

phuiic  or  muriatic  add. 

If  nitre^  common  sah,  nitrate  of  limc^  and 
muriate  of  lime  or  magnesia*  be  ptvwwt  h^ 
gather,  the  water  ou|^  to  be  evapontod  la 
dryness,  and  tbe  dry  masa  treated  with  ako- 
hail,  which  takes  up  the  earthy  aalts^     FVem 
the  redduum,  redissolved  in  water,  the  nine 
may  be  separated,  and  calculated  as  in  the 
last  casew     Tbe  alcohotic  aolutioii  is  to  be 
evaporated  to  dryness  and  die  readnnm  re» 
dissolved  in  water.      Let  ua  suppose  it  ta 
contun  muriate  of  magnesia,  nitrate  of  Ibn^ 
and  muriata  of  lime.     IVedpitate  the  mn- 
riatic  add  by  nitrate  of  silver,  which  gives 
the  proportion  of  muriate  of  magnesia  and 
of  -lime.     Separate  the  mi^gnesia  by  iiifeni 
of  carbonate  of  lime,  and  note  its  quantity. 
Thu  gives  the  quantity  of  muriate  of  mag- 
neda ;  and  subtracting  tbe  muriatic  arid  ooo- 
tained  in  that  salt  from  die  whole  arid  faidi- 
cated  by  the  predpitate  of  silver,  we  have 
the  proportion  of  muriate  of  limew     Lastly, 
saturate  the  lime  added  to  predpitate  the 
magnesia  with  nitric  add.     Then  predpitate 
the  wlM^e  of  the  lime  by  sulphuric  arid ;  and 
subtracting  ftom  the  whole  of  the  sulphate 
thus  formed,  that  portion  formed  by  the 
bonate  of  lime  added,  and  by  the  lime 
tdned  in  the  muriate  tbe  readuum  givea  as 
the  lime  contained  in  the  original  nitrate; 
and  35  grdns  of  lime  fonn  10&5  of  dry  ni- 
trate of  lime. 

In  the  year  1807,  Dr  Maroct  advanced 
some  new  ideas  on  tbe  art  of  analyd^g  ounfr* 
rml  waters*  in  an  admirable  paper  on  the 
water  of  the  Dead  Sea,  inserted  in  the  FhiL 
Transactions.  "  It  is  ratisfitftory  to  observe** 
says  tbb  exodlent  cbonist,  **  that  Or  Mnr> 
ray  adopted,  several  yean  afterwards,  a  mode 
of  proceeding  predsdy  siadlar,  and  indeed 
that  he  proposed,  in  a  subsequent  paper,  a 
general  formula  for  the  analysb  of  miaaal 
waters,  in  which  this  method  is  pointed  out 
as  likely  to  lead  to  the  most  accurate  reanlts. 
And  this  coincidence  is  the  mora  remaikablsb 
as  it  would  appear  from  Dr  Murray  not 
mentioning  my  labours,  that  they  had  not  at 
that  time  come  to  his  knowkd^'*  PUL 
Tram.  1810,  part  iL 

Hie  following  table  exhibite  the  compod- 
tions  of  the  prindpal  mineial  waten  as  wdl 
as  that  of  the  sea.  Hie  reader  vrill  find  ia 
the  PbiL  Trans,   for  1819  a  very  valuable 
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WATERS  (MINERAL). 


on  9ea-ir«lflr»  by  Dr  Marcet,  of 
which  a  good  abstract  it  given  in  the  8d 
▼olume  of  the  Edio.  Phil.  Journal.  This 
philosopher  shows,  that  in  Baffin's- Bay,  the 
Mediterranean  Sea,  and  the  IVoptcal  Seas, 
the  temperature  of  the  sea  dimmi*he9  with 
the  deptii,  aooording  to  the  obaenratiooa  of 
Fhipps,  Ross,  Psnry,  Sahine^  Saussure,  Ellis, 
and  Poon;  but  that  in  the  Arctic  or  Green- 
land Sea%  tiie  temperature  ollhie  sea  inereates 
with  the  depth.  This  singular  result  was 
first  obtained  by  Mr  Scoresby,  in  a  series  of 
well-conducted  experiments,  and  has  been 
confirmed  by  the  later  obserrations  of  Lieu- 
tenants Franklin  and  Beechy,  and  Mr 
Fisher. 

I  shall  prefix  the  results  of  the  recent  ana- 
lysis by  M.  Berselius  of  the  waters  of  Caris- 


bad.  They  are  very  extraordinary,  and  he 
has  fbund  many  substances  not  hitherto  susp 
pected  to  exist  in  them. 

Sulphate  of  soda,  2.56714 

Carbonate  of  soda,  1.25200 

Muriate  of  soda,  1.04693 

Carbonate  of  lime»  0.31219 

Fluate  of  lime,  0.00331 

Phosphate  of  lime,  0.00019 

Carbonate  of  stnmtia,  0.00097 
Carbonate  of  magnesia,  0. 16221 
Phosphate  of  alumina,  0.00034> 
Carbonate  of  iron,  a00424 

Carbonate  of  manganese,  a  trace 
SUica,  0.07504* 


5.46656 
Jinn.  iU  Ckim.  et  de  Phy$,  xxi.  248^ 
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WATER  (OXYGENIZED).         821  WAX. 

WATER  (OXYGENIZED),  or  dmxU  Ha  tlwn  introduced  a  Utile  fibrin,  qiitt« 

Eide  of  bydnigea.     IVa  iatereflltiig  com-  whit^,  aad  rerontly  -extnoted  from  blood, 

poond  hu  been  Uifedy  formed  by  M.  Tbenstd,  The  oxygen  began  instantly  to  be  disengaged 

and  an  account  of  it  pubHshed  in  the  tenth  from  the  'water ;  the  viercury  in  the  tube 

Tolume  of  the  Annales  de  Ghimie  A  de  ennk ;  at  the  end  of  ax  minutes  the  water 


Pfaymfifc     The  deutozide  of  barium  being  waa  completely  disozygenated ;   for  it  no 

diaeoived  in  water,  and  Mi^oric  add  added»  longer  effbnrefloed  with  oxide  of  silver.   H»r« 

the  protoxide  of  barium  or  barjitofidls  down,  ing  then  meesnred  the  gm  disengeged,  he 

Jeaving  the  oxygen  combined  with- the  water,  found  it  176  measufes  ss  8  X  ^  that  is 

It  contains,  at  38^  F.  when  eaturated,  twice  to  say,  as  much  as  the  liquid  contained, 

the  qnantity  of  oxygen  of  oommon  water;  This  gas  contained  neither  cartxmic  acid  nor 


that  is  to  say,  a  cubic  inchabaorbs  662  cnbic  aaotew     It  was  pure  oxygen.     Hie  same 

inches  SB  2dlwi6  gr.,  forming  476.08  grain%  fibrin  placed- in  contact  with  new  portions  of 

and  acquires  a  specific  grarity  of  1.458.  oxygenated  water,  acted  in  the  same  manneiv 

Hence  1.0  in  Tolume  becomes  apparently  .    Urea,  albumen,  liquid  or  soUd,  and  gela* 

•1,3;  containing  1324  TDlumea  of  oxygen  {  tin,  do  not  diseiigi^  exygen  firom  wateri 

•and  1  volume  therefore  oontiins  very  neerly  even  very  much  oxygenated.    But  the  lissna 

1000  volumes.  of  the  lung%  cut  into  thin  dUces  and  weO 

In  consequence  of  this  great  density,  when  washed,  that  of  the  kidneys  and  the  spleen, 

it  is  poured  into  common  wateiv  we  see  it  drive,  the  ^oxygen  out  of  the  water,  with  at 

fsU  down  through  that  liquid  l&e  a  sortof  much  fodlity,  at  least,  as  fibrin  does.     Iba 

syrup,  though  it  is  very  seiuble  in  tL     It  skin  and  the  veins  possess  the  same  property, 

attacks  the  epidermis  almost  iaatantly,  and  but  in  a  wesker  degree.     Hiese  results  are 

produoes  a  prickling  pain»  the  duretion  ef  equally  interesting  and  mysterious.     Fore 

vrfaich  varies  acoerding  to  the  qnantity  of  the  valuable  application  of  oxygenated  water,  see 

liquid  appUed  to  the  skin.     If-  this  qnantity  Faini& 

.be  too  gicet,  or  if  the  liquid  be  renewed,  WAVELITE.  Colour  greyisb-white; 
the  skin  itself  is  ettacked  and  destroyed,  imitative^  and  crystaUiied  in  very  oblique 
When  applied  to  the  tongue^-  it  whitens  it  four-eided  prisms,  flatly  bevelled  on  the  ex- 
also^  thid»ns  the  saliva,  and  produces  in  the  tremiiie^  or  truncated  on  the  obtuse  lateral 
4>igans  of  taste  a  sensation  diAcalt  to  ex*  edges;  shining,  peariy;  fragments  wedge- 
press,  but  one  which  approaohss  to  that  of  sfa^ied;  traashicent;  as  hard  as  fluor-spars 
tartar  easetic.  Its  action  on  oxide  of  silver  brittle ;  sp.  gr.  2.3  to  &&  Its  constituents 
is  exceedingly  violent.  Every  drop  of  the  aic^  alumina  70,  lime  1.4^  water  26.9L-^ 
liquid  let  UH  on  the  dry  oxide  psoduoes  a  Dtny*  It  is  said  to  contain  also  a  small 
.nal  explosion;  and  so  much  heat  is  evolved^  quantity  of  fluoric  add.  It  occurs  in  veins 
that  if  the  experiment  be  made  in  a  dark  idong  with  fluor-spar,  quarti,  tinstone^  and 
place,  there  is  a  very  sensible  disengagement  oapper  pyrites,  in  gmnite^  at  St  Austin  in 
of  light.  Besides  the  oxide  of  sflvar,  there  ComwalL  At  Baniataple  in  Devonshiii^ 
are  several  other  oxides,  which  act  with  vio-  wfaero  it  was  flnrt  found  by  Dr>  Waveli»  it 
lence  on  oxygenated  water ;  fiar  example,  the  traverses  shde-clay,  in  the  fiMrm  of  small-con* 
peroxide  of  manganese,  that  of  cobalt,  the  temporaneous  veins.  It  has  been  found  in 
oxides  of  lead,  platinum,  gold,  iridium,  rbo-  rocks  of  slate-clay,  near  Loch  Humphrey, 
dium,  paUadimm*     flevend  metab  in  a  state  Dumbartonshire. 

sof  extreme  division  oocarion  the  same  phe-         WAX  is  a  concrete  unctuous-feeling  lusi- 

•  nomenon ;  such  as  rihrer,  platinum,  gold,  oa-  ble  matter,  secreted  by  bees  in  oonstruotiqg 

mium,  iridium,  rhodium,  palladium.     In  all  the  cells  of  their  hives.    Proust  says,  indeed, 

the  preceding  cases,  it  is  always  the  oiqrgen  that  the  bloom  on  fruit  ia  real  wax ;  and  that 

united  to  the  water  which  is  disengaged,  and  it  is  wax  spread  over  leaves  which  prevents 

sometimes  likewise  that  of  die  oxide ;  but  in  them  from  being  wetted,  as  on  the  cabbage- 

o^btn,  a  portion  of  the  oxygen  unites  with  leaf.     Huber,  ^wever,  asserts,  from  his  ob- 

tbe  nketsl  itsell;     This  is  the  case  when  ar-  servatioos,  that  the  wax  in  bee-hives  is  an 

senic,  molybdenum,  tungsten,  or  selenium  is  artificial  production,  made  by  the  bees  Ihim 

employed.     These  metals  are  often  acidified  honey ;  that  they  cannot  procure  it,  unless 

with  the  production  of  light.  they  have  honey  or  sugar  for  the  purpose ; 

The  acids  render  the  oxygenated  water  and  that  mm  sugar  afifords  more  than  boney. 
more  stabler     Gold  in  a  state  of  extreme         Wax  is  distinguii<ied  from  (at  and  resinous 

division  acts  with  great  force  on  pure  oxy-  bodies,  by  its  not  becoming  saponified  when 

genated  water ;  yet  it  has  no  action  en  that  treated  with  alkaline  solutions.     It  forms  in 

Uquid,  if  it  be  mixed  with  a  little  sulphuric  this  case  merely  a  milky  emulsion,  but  no 

acid.  true  compound.     Wax  is  not  altered  even 

M.  Thenard  took  pure  oxygenated  water,  when  melted  with  carbonate  of  potash ;  for 
and  diluted  it,  -to  that  it  contained  only  eight  it  may  be  readily  separated  with  all  its  pro- 
times  its  volume  of  oxygen.  He  passed  22  pertics  unimpaired.  A  apeoies  of  compound, 
measures  of  it  into  a  tube  filled  with  mercury,  indeed,  is  made  of  wax  andcarbeiMle  of  pot- 


WAX.                             «W  WHEAT. 

Mhy  to  TirniBh  the  lloori  of  mjpiutmeaU,   The  Wax  b  cmplojml  for  many  poipoMB 

flpecHk  gravity  of  wmx  is  0.966 ;  and  Hs  lereral  arts.     It  is  also  used  in  aiygefji 

melting  point  is  about  148^  in  llie  natural  softening  rdazing  application  with  ofly 

yellow  state,  and  155^  when  bleached.  stances. 

Wax  may  be  depriTed  of  its  natural  yellow  WEBSTERITE.    Native  subsulpliafte  of 

disagreeable  colour,  and  be  perfectly  whiten-  alumina,  flnt  found  at  Halle  in  Saxony,  and 

ed,  by  exposure  to  the  united  action  of  air  afterwards  discovered  by  Mr  Webster  at  New» 

and  water,  by  which  method  the  colour  of  haven  near  Brighton.     It  occnn  in  die  tana 

many  substances  may  be  destroyed.  of  nodules  about  the  sise  of  nuts,  and  r^ 

'Ae  art  of  bleaching  wax  consists  in  in-  sembles  in  aspect  pure  alumina.     Aooordny 

creasing  its  surface ;  for  which  purpose  it  must  to  Stromeyer  it  contains  47  per  cent  of  water ; 

be  melted  with  a  degree  of  heat  not  sufficient  and  he  represents  it  as  being  compoaed  of  1 

to  alter  its  quality,  in  a  caldron  so  disposed  atom  of  alumina,  1  of  sulphuric  add,  and 

that  the  melted  wax  may  flow  gradually  9  of  water.     It  consists  of  an  infinity  of 

through  a  pipe  at  the  bottom  of  the  caldron  minute  adcular  crystals,  so  small  as  to  be 

into  a  large  tub  filled  with  water,  in  which  is  discernible  only  in  the  microaoope.  It  ocean 

fitted  a  large  wooden  cylinder,  that  turns  con*  always  in  the  plastic  day  above  the  dialk  for- 

tinually  round  its  axis,  and  upon  which  the  mation,  accompanied  by  lignite  and  gypsum, 

melted  wax  foils.     As  the  surfooe  of  this  Such  is  its  geological  position  in  Gennai^, 

cylinder  is  always  moistened  with  cold  water,  England,  at  Auteuil  near  Fnk,  and  at  Bcr- 

fbe  wax  foiling  upon  it  does  not  adhere  to  it,  non  near  Epemay  in  Fkancct 

but  quickly  becomes  solid  and  flat,  and  ao-  When  Websterite  is  crushed*  the  powder 

quires  the  form  of  ribands.     The  continual  is  very  brilliant,  and  soft  to  the  toodi.     The 

rotation  of  the  cylinder  carries  off  these  ri-  Auteuil  variety  consists,  by  M.  Dnrnas,  of 

bands  as  fost  as  they  are  formed,  and  distri-  sulphuric  add  83»  alumina  90^  water  47, 

butes  diem  through  the  tub.     When  all  the  agrsdng  with  the  other  apedmcaBa. 

vrax  that  ia  to  be  whitened  is  thus  formed,  it  WELD,   OE  WOALD  (reseda  httoofa^ 

is  put  upon  large  frames  covered  with  linen  Unn.),  is  a  plant  cultivated  in  Ken^  Her^ 

cloth,  which  are  supported  about  a  foot  and  ferdshlre^  and  many  other  parte  of  tfab  king* 

a  half  above  the  ground,  in  a  sitaation  ex*>  dom.     The  whole  of  the  plant  ia  oaed  for 

posed  to  the  air,  the  dew,  and  the  sun.    The  dydng  ydlow ;  though  some  assert^  diat  die 

thickness  of  the  several  ribands  thus  placed  seeds  only  afibrd  the  colouring  matter, 

upon  the  frames  ought  not  to  exceed  an  inch  Two  sorts  of  Wdd  are  distingnisbcd— the 

and  a  half,  and  they  ought  to  be  moved  fnmk  bastard  or  wild,  which  grows  naturally  in  the 

time  to  time,  that  they  may  all  be  equally  fields;  and  the  cultivated,  the  stalks  of  whidi 

exposed  to  the  action  of  the  air.    If  the  wea-  are  smaller,  and  not  so  high.     For  dyeing 

ther  be  favourable,  the  colour  will  be  changed  *  the  latter  is  preferred,  it  abounding  more  in 

in  the  space  of  some  days.     It  is  then  to  be  colouring  matter.  Hie  more  slender  the  sial^ 

re-melted  and  formed  into  ribands,  and  ex-  the  more  it  is  valued, 

posed  to  the  action  of  the  dr  as  before.  When  the  wdd  is  ripe^  it  is  polled,  dried, 

iTbese  opentions  are  to  be  repeated  till  the  and  made  into  bundlo,  in  which  state  it  is 

wax  b  rendered  perfectly  whiter  and  then  it  used. 

is  to  be  melted  into  cakes,  or  formed  into  Hie  ydlow  communicated  to  wool  by  wdd 

candles.  has  little  permanency,  if  the  wod  benot  pre- 

Wax  is  composed,  according  to  MM.  Gay  vioudy  prepared  by  some  mordanti    For  this 

Lussac  and  Tbenard,  of  purpose  dum  and  tartar  are  used,  by  means 

Oxygen,                 6.544  of  which  this  plant  gives  a  very  pure  yeUow, 

Hydrogen,           18.672  which  has  the  advantage  of  bd^g  penna- 

Caibon,                81.784  nent. 

WELTER'S  TUBE.  See  LAiOKAKmY. 

lOaOOO  WERNERITE.     Foliated  SaqMlilOL 

See  Cebin.  WHEAT  FLOUR.     See  Gldxen,  and 

By  my  andysis,  wax  consists  in  100  parts  Zmom. 

of,  WHEAT.     SurH.  Davy  drew  as  the  ga- 

Carbon,       80.69        13  atoms  9.75      80.4  nerd  result  of  his  experimcnta,  that  the  wheat 

Hydrogen,  11.37        11             1.375     11.3  grown  in  the  southern  provinces  of  Europe 

Oxygen,        7.94          1             1.000      8.3  and  America,  contdn  more  gluten  than  that 

•^—                                    —  of  the  nordiem. 

100.00                                  100.0  IVoust  found  in  100  parts  of  wheat  flour. 

Or  in  other  words,  of  1 1  atoms  olefiant  gas  Tdlow  redn,                  -                   1.0 

-f-  1  atom  carbonic  oxide  -f-  1  atom  carbon.  Gummy  and  saccharine  extnct,      18.0 

Had  the  experiment  given  a  very  little  more  Gluten,              -              .              18.5 

hydrogen,  we  should  have  had  wax  as  con-  Starch,         ...          74^5 

sisting  of  18  atoms  olefiant  gas  -4-  1  atom  ..^^ 

carbonic  oxide.-^PAi7.  Trans.  fiM-  1888.  100.0 


WINB. 


VINE. 


Irilieimi  tpetia,  wnd 


ifiUtmm  hibenmmf 

Fecuk, 

68 

74 

Undried  gluteoy 

Si 

22 

5 

5^5 

Vqjetabte  altmiMB, 

1.5 

0.5 

Some  eartby  photphstes  and  other  salts. 
When  vheat  becomes  mouldy^  it  is  best 


treated  bj  ieunenion  in  double  its  bulk  of 
boiling  water,  and  leaving  it  there  till  the 
water  coolSi    The  ^railed  grains  come  to  the 
surfiwe;  the  good  go  to  the  bottom,  and  are 
thns  easily  separable. 

The  following  are  Vauquelin's  results  on 
the  analysis  of  different  kinds  of  wheat.— -See 
BsxAD^  Glijten,  Stabch. 


Namcc 

UolrtuTe. 

OlUtML 

'  starch. 

Sugar. 

Gum-gluten. 

Gross  flour  of  wheat. 

10 

10.96 

71.49 

4.72 

a32 

Flour  of  maslin,  (wheat  and  rye), 

6 

9.80 

75.50 

4.22 

a28 

Gross  flour  of  Odessa  hard  wheat, 

12 

14.55 

56.50 

S.4S 

4.90 

Da     do.          da      soft     da 

10 

12.00 

62.00 

7.36 

5.80 

Do.  second  quality, 

8 

12.10 

70.84 

4.90 

4.60 

Do.  of  the  service  called  2d, 

12 

7.30 

72.00 

5.42 

aso 

Flour  of  Parisian  bakers, 

10 

10.20 

72.80 

4.20 

2.80 

8 

10.30 

71.20 

4.60 

a60 

Do.             Da       third  quality. 

12 

9.02 

67.78 

4v80 

4.60 

WHET  SLATE.    CoiiNirgFeenish.gray; 

aasiTe;  fceUy  glimmering;  fracture  slaty 
in  the  larger,  splintery  in  the  small;  frag- 
ments tabular;  translucent  on  the  edges; 
streak  greyidi-^hite ;  soft  in  a  low  degree; 
feels  rather  greasy ;  sp^  gr.  2.722.  It  occurs 
in  beds  in  primitire  and  tnmaition  Hay  mlatr 
It  is  found  at  SeifevMiorf  near  Freybeig. 
Very  fine  Tarieties  are  brought  frnom  Turkey, 
called  Honestooes.  It  is  used  for  sharpening 
steel  instniments* 

WHEY.  Hm  fluid  part  of  milk  which 
aemains  after  the  curd  has  beeo  separated. 
See  BIiLK.  It  contains  a  saccharine  nuUter, 
some  butter,  and  a  small  portion  of  cheese. 

WHISKY.  DUute  jilcokoi,  which  see, 
and  DisiiLLATiON. 

WHITE  COPPER.     See  Tutenao. 

WHITE,  SPANISH,  and  WHITE 
LEAD.     See  CsEUflS. 

WHITING.  Chalk  cleared  of  its  gn»aer 
impurities,  then  ground  in  a  mill,  and  made 
up  into  small  loaves,  is  sold  under  the  name 
of  WhiUng. 

WINE.  Chemists  give  the  name  of  wine 
in  general  to  all  liquors  that  have  become 
spirituous  by  fermentation.  Hius  cider,  beer, 
Iqrdromel  or  mead,  and  other  similar  liquoo, 


The  principles  and  theory  of  the  fermenta- 
tion which  produces  these  liquors  are  oason 
tially  the  same.   The  more  general  principles 
have  explained  under  the  article  I^a- 


MENTATION. 

Of  all  substances  susceptiUe  of  the  spiritu- 
ous fermentation,  none  is  capable  of  being 
converted  into  so  good  wine  as  the  juice  of 
the  grapes  of  Fhmce^  or  of  other  countries 
that  are  nearly  in  the  same  latitude^  or  in  the 
same  temperature.  The  grapes  of  hotter 
countries,  and  even  those  of  the  southern 
provinces  of  France^  do  indeed  furnish  wines 
that  have  a  more  agreeable^  that  is,  more  of 


a  aaccfaarine  taste;  but  these  winci^  though 
they  are  sufficiently  strong,  are  not  so  spiri- 
tuous as  those  of  the  provinces  near  the  mid- 
dle of  Frsnce :  at  least  from  these  latter  wines 
the  best  vinegar  and  brandy  are  made. 

This  juices  when  newly  expressed,  and 
before  it  has  b^gun  to  ferment,  is  called  must, 
and  in  common  language  sweet  wine.  It  is 
turbid,  has  an  agreeable  and  very  saccharine 
taste.  It  is  very  laxative;  and  when  drunk 
too  freely,  or  by  persons  disposed  to  diar- 
rfafleas,  it  is  apt  to  occasion  these  disorders. 
Its  consistence  is  somewhat  leas  fluid  than 
that  of  water,  and  it  becomes  almost  of  a 
pitchy  thickness  when  dried. 

When  the  must  is  pressed  from  the  grapes, 
and  put  into  a  proper  vessel  and  place,  with 
a  temperature  between  fifty-five  and  sixty 
degrees,  very  sensible  effects  are  produced  in 
it,  in  a  shorter  or  longer  time,  according  to 
the  nature  of  the  liquor,  and  the  exposure  of 
the  place.  It  then  swells,  and  is  so  rarefied, 
that  it  frequently  overflows  the  vessel  con- 
taining it,  if  this  be  neariy  full.  An  intea- 
tine  motion  is  excited  among  its  parts,  accom- 
panied with  a  small  hissing  noise  and  evident 
ebullition.  The  bubbles  rise  to  the  surface^ 
and  at  the  same  time  is  disengaged  a  quantity 
of  carbonic  add,  of  such  purity,  and  so  subUe 
and  dangerous,  that  it  is  capable  of  killing 
instantly  men  and  animals  exposed  to  it  in 
a  place  where  the  air  u  not  renewed.  The 
skins,  stones,  and  other  grosser  matters  of  the 
grapes,  are  buoyed  up  by  the  particles  of  dia- 
engsged  air  that  adhere  to  their  surfiu^  are 
variously  agitated,  and  are  raised  in  form  of 
a  scum,  or  soft  ai^  spongy  crust,  that  covers 
the  whole  liquor.  During  the  fermentation, 
thia  crust  is  frequently  raised  and  broken  by 
the  air  disengaged  from  the  liquor,  which 
forces  its  way  through  it ;  afterward  the  crust 
subsides,  and  becomes  entire  as  before. 

These  effects  continue  while  the  fernenta- 


WINfi. 


8M 


WINE. 


tion  is  brisk,  ai¥l  at  last  gnduslly  ossae :  tben 
Hie  crust,  bein^  Bolooger  supportad,  frlla  in 
pieees  ta  the  bottom  of  the  liquor.*  At  this 
ihnc^  if  iM  would  haw  astroag  and  generoos 
wine^  all  sensible  fermeataiioninBst  be  stop- 
ped. This  is  done  by  potting  the  wine  inlo 
close  VHsek,  moA  carrying  these  into  a  cellar 
or  other  cool  placsb*  •   •  • 

After  this  first  operation,  an  interval  of 
repose  takes  place,  as  is  indicated  by  the 
cessation  of  the  sensible  effects  of  the  spiri- 
tuous fermentation ;  and  thus  enables  us  to 
preserre  a  liquor  no  less  agreeable  in  its  taste, 
ji^^n  useful  for  its  reriring  and  nutritite  qua- 
lities when  drunk  moderately. 

If  we  eiamine  the  wine  produced  by  this 
first  fermentation,  we  shall  find,  that  it  differs 
entirely  and  essentially  from  the  juice  of 
grapes  before  fermentation.  Its  sweet  and 
saccharine. taste  is  changed  inte  one  that. is 
yery  different,  though  still  agreeable,  and 
•omewhat  spirituous  and  piquant.  It  has  not 
tbe  lasurtite  quality  of  must,  but  affects  the 
bead,  and  occasions,  as  is  well  known,  drun- 
kenneas.  LasUy,  if  it  be  distilled,  it  yields, 
inatead  of  the  insipid  water  .obtained  fKNn 
must  by  distillation  with  the  beat  of  boiling 
water,  a  TOlatile,  spirituous,  and  ioflammable 
liquor calledspirit of  wsne^  or alcohoL,  Hiis 
spirit  is  oonseqnently  a  new  beings  produoad 
by  the  kind  of  fermentatioB  caUed  the  vinous 
or  spirituous.     See  Aiuxibol. 

•  When  any  liquor  undeigoes  tbe  spirituous 
fermentation,  ^  its  parU  seem  not  to  ib-- 
mcnt  at  the  same  time,  otherwise  the  Ibr- 
mentation  would  probably  be  very  .quickly 
completed,  and  the  appearancea  would  be 
much  more  striking :  heiice^  in  a  liqnor  much 
disposed  to  ftrmentation,  this  motion  is  more 
quick  and  simultaneous  than  in  another  li- 
quor less  disposed.  Experience  has  shown, 
that  a  wine^  die  fermentation  of  which  is  very 
slow  and  tedious,  is  never  good  or  very  spi- 
rituous ;  and  tiiereftire^  when  the  weather  is 
too  cold,  the  fermeotatioB  is  usually  aoerie- 
rated  by  heating  the  place  in  which  the  wine 
is  made* 

A  too  hasty  and  violent  fermentation  is 
also  huKful,  from  the  disripation  and  loss  of 
aomeof  the  spirit.  However,  we*  may  dis- 
tinguish, in  the  ordinary  method  of  making 
vrines  of  grapes,  two  periods  in  the  fermenta- 
tion, the  first  of  which  •  lasts  during  the  ap- 
pearance of  the  sensible  cflfects  above  men- 
tioned, in  which  the  greatest  number  of  fer- 
mentable particles  ferment.  After  this  first 
effort  of  fermentation,  these  efibets  sensibly 
diminish,  and  ou^  to  be  stopped,  for  lea- 
sons  hereafter  to  be  mentioned.  The  fermen- 
tative motion  of  the  liquors  then  ceases,  ne 
heterogeneous  parts  that  vrere  suspended  in 
the  wines  by  this  motion,  and  render  it  mud- 
dy, are  separated  and  fonn  a  sediment  called 
the  lees ;  after  which  the  wine  becomes  dear : 
but  though  the  operation  is  then  considered 
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ns  finished,  and  the  IcnncntaliQB  jpyiiilj 
ceases,  it  does  not  really  coasn^  nnd  ifc^s^jbi 
to  be  continued  in  some  degree  If  we  woold 
have  good  wine. 

In  this  new  wine  a  part  of  tbe  liquor 
bably  remains  that  has  not 
which  aiUurward  ferments^  but  a» 
that  none  of  the  inasibla  effects 
tbe  first  fermentation  are  ben 
The  fermentation  therefore  still 
the  wine,  during  a  longer  or  shorter  timc^ 
though  in  an  imperceptihle  wM««M>r  ;  and 
is  thee  second  period  of  the  spiritaoos : 
tation,  which  may  be  called  the  im| 
fermentation.     We  may  easBy  peroeiv^ 
the  effect  of  this  imperceptible 
is  the  gradual  increase  of  the  quantity 
cohol.     It  has  also  another  cffec;t  no 
vantageous,  namely,  the  aqftuation  at 
acid  salt  -called  tartar  from  die  vrise. 
matter  is  therefore  a  second  — Hiw>^w 
formed  in  the  wine^  and  adheres  to  the 
of  tbe  containing  vessd^     As  the 
tartar  is  harsh  and  'disagreeabla^  h  ia 
that  thevrine^  which  bgp means. of  thai 
sible  fermentation  has  aoqnired  i 
and  has  disengaged  itself  of  thn 
of  its  tartar,  oi^bt  to  be  nnicfa.  better 
more  agreeable ;  and  for  this 
old  wine  is  umveesally  iirefi  snUli    to 


wme* 

But  insensible  fermentation  can  only  open 
and  ineUorate  the  wine  if  the  aenssfa 
tation  have  regularly  proceeded,, 
stopped  in  due  ttmcb  W«  know  misinlj, 
that  if  a  suflfeient  time  have  ivit  been  sBimed 
for  tbe  first  period. of  tbe. fesmentatsa% -As 
unfeimented  matter  that  remains  lianig  in  too 
large  a  quantity,  will  then  forment  in  dbe 
bottles  or  close  vesseb  in  which  the 
put,  and  will  occasion  effects  so  much 
sensible,  as  the  first  fennentatiaa  shall  have 
been  sooner  intemipted:  hence  these 
are  jdways  turbid,  emit  bubUes,  and 
tinBes.break  tbe  bottles,  firom  the  large 
tity  of  air  disengaged  during  the 
tion. 

We  have  an  instance  of  these  eflSacts  in  As 
wine  of  Champagns^  and  in  others  of  tlie  i 
kind.  The  sensibfe  formentatisn  of 
wines  is  interrupted,  or  rather  suppresaet^ 
they  may  have  this  sparkling  quali^.  It 
weU  known  that  these  wines  i 
fly  out  of  the  bottles;  that  tbey  spwUe  and 
froth  when. they  ave|ioured  into  glaasas;  and 
lastly,  that  they  have  a  taste  mnch  moie 
lively  and  more  piquant  than  wines  that  do 
not  sparkle;  hut  this  fl^iarkling  qnality,  and 
aU  tlie  effects  depending  on  it,  me  only 
fluised  by  a  considerable  quantity  of  i 
addgas,  which  is  diseogaged  during  the 
iinad  finmentatipn  that  the  vrine  has 
gone  in  dose  vsessels. .  Tfais  ae 
opportunity  of  ctcapiiig,  and  of  bang 
patod  as  fiat  as  It  is  diwngaged»  and  beii|^ 
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intcrpowd  betwixt  all  the  parts  of  the  wine, 
comUincftio  some  measure  with  them,  and 
adheres  in  the  same  manner  as  it  does  to  osr- 
tain  mineral  waters,  in  which  H  produces 
noM^y  Che  same  effects.  When  this  air  is  #0- 
tirely'  disengaged  from  these  wtnes^  thejr  no 
jkmger  spa&lc^  they  lose  their  piquancy  of 
taste^  become  mild,  and  even  aimest  insipid. 

Such  are  tiie  qualities  that  wine  aoquins  in 
timet  when  its  tet  fennentation  has  not  con- 
tinued sufficiently  long.  These  qualities  are 
given  puvpesely  to  certain  kinds  of  wioc^  to 
indulge  taste  or  c^)rioe ;  but  such  wines  aie 
supposeci  to  be  unfit  for  daily  use.  Wines 
for  daily  use  ought  to  have  undergone  so 
completely  the  sensible  fermentation^  that  the 
succeeding  fermentation  shall  be  insensible, 
or  at  least  exceedingly  little  perceived.  Wine, 
in  which  the  first  Ibrmeniation  has  been  too 
far  advanced,  is  liable  to  worse  inconvenien- 
cics  than  that  in  which  the  flrat  fermentatioa 
has  been  too  quickly  supprsssed;  for  eveiy 
fennentable  liquor  is  fiwnn  its  nature  in  m 
ecmtmual  intestine tnotjon^  mora  or  less  strong 
according  to  cironmstanees,  'from  the  first  in- 
stant of  the  spirituous  fermentation  till  it  is 
completely  purified:  benos^  from  the  time 
of  the  completion  of  the  spirituous  fermenta- 
tion, or  even  before^  th«  wine  begins  to  un- 
dergo the  acid  or  acetous  fermentation.  This 
aeid  fermentation  is  very  slow  and  insensible, 
when  the  wine  is  included  in  very  close 
vesseb,  and  in  a  cool  place :  but  itgmdually 
advances,  so  that  in  a  certain  time  tiie  wine, 
inetead  of  being  improved,  becomes  at  last 
sour.  Tfab  evil  cannot  be  remedied }  be- 
cause the  fermentation  aoay  advance^  but 
cannot  be  reverted. 

Wine-merchants,  therefore,  when  their 
wines  become  sour,  can  only  conosal  or  ah- 
Sflsb  this  acidity  by  certain  substances,  as  by 
alkalis  and  alkaline  earths.  But  these  sub- 
stances give  to  wine  a  dark  greenish  colour, 
and  a  taste  which,  though  not  add,  is  some- 
what disagreeable.  Besides,  calcareous  eartlis 
accelerate  considerably  the  total  destruction 
and  putrefaction  of  the  wine.  Oxides  of  lead, 
having  the  property  of  forming  with  the  add 
of  vinegar  a  salt  of  an  agreeable  saccharine 
taste^  which  does  not  alter  the  colour  of  the 
wine,  and  which  besides  has  the  advantage  of 
stopping  fermentation  and  putrefection,  might 
be  very  wdl  employed  to  remedy  the  acidity 
of  wine,  if  lead  and  all  its  prepaiations  were 
not  pemidous  to  health,  as  they  occasion 
most  tenible  colics,  and  even  death,  when 
taken  internally.  We  cannot  believe  that 
any  wine-merchant,  knowing  the  evil  conse- 
quences of  lead,  should,  for  the  sake  of  gain, 
employ  it  for  the  purpose  mentioned ;  but  if 
there  be  any  such  persons,  they  must  be  con- 
sidered as  the  poisoners  and  murderers  of  the 
public.  At  Alicant,  where  very  sweet  wines 
are  mode^  it  is  the  practice  to  mix  a  little 
lime  with  the  grapes  before  they  are  presied. 


This,  however,  can  only  neutralise  the  add 
already  existing  in  the  grape. 

If  wine  contain  litharge,  or  any  other  oxide 
of  lead^  it  may  be  discovered  by  transmitting 
throu^  a  portion  of  it,  in  a  wineglass,  a 
current  of  milphuretted  hydrogen  gas,  which 
will  enuse  a  glistening  black  predpitate  of 
sulphnret  of  lead. 

From  what  is  here  said  concerning  the 
acescency  of  wine,  we  may  conclude,  that 
when  this  accident  happens,  it  cannot  by  any 
good  method  be  remedied,  and  that  nothing 
remains  to  be  done  with  sour  wine  but  to  seU 
it  to  vinegar  makers,  as  all  honest  wine- 
merchants  do. 

As  the  mvj^  of  the  grape  contains  a  greater 
proportion  of  tartar  than  our  currant  and 
geoneberry  juices  do,  I  have  been  accustomed, 
for  many  years,  to  recommend  in  my  lectures 
the  addition  of  a  small  portion  of  that  salt  fo 
our  muitf  to  make  it  ferment  into  a  mote 
genuine  wine.  Dr  M*Culloch  has  lately  pre- 
scribed the  same  addition  in  hispopular  trea- 
tise on  the  art  of  making  wine. 

The  following  is  Mr  Brando's  valuable 

table-  of  the  quantity  of  spirit  in  different 

kinds  of  wine :— • 

FNooftion  of 
tgint  per  ospt 
t^mcaflure. 

1.  Lissa,  -  -  26.47 
)     Ditto             -              -  24^35 

Average,         25.41 

2.  Raisin  wine,  -  -    26.40 

Ditto         -  -  25.77 

Ditto  -  -  2&20 

Averagf^  25.12 

3»  Marsala,  -  -  26.  3 

Ditto  -  .  25.  5 

Aversge,  25.  9 

4u  Maddn,  .  -  24.42 

Ditto  -  -  23.03 

Ditto  (Siidal)  -  21.40 

Ditto  -  -  10.41 

Average^  22.27 

5.  Currant  wine,        -  -  20.55 

6.  Sherry,  -  -  19.81 
Ditto  -  -  19.83 
Ditto  -  -  18.79 
Ditto              -             -  18.25 

Average,         19. 17 

7.  Teneriffe^  -  -         19.79 

8.  CoUies,  -  -  19.75 

9.  Ladiryma  Christi,  .         19.70 
la  Constantia,  whiter           .  19.75 

11.  Ditto       red,  -  ia99 

12.  Lisbon,  -  -  18.94 
la  Malaga,  (1666),            -  1&94< 

14.  BuceUas,  -  -  1&49 

15.  Bed  Madeira,        -  -      22.30 

Ditto  -  -  18.40 

Avenge,  20.35 

16.  Cape  Muschat,         -         -  ia25 
17«  Cape  Madeira,             -  22.94 

Ditto  .  -        20.50 

Ditto  -  -        laii 

Average,        20.51 
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18,  Gmpewinc^ 

19.  CiJcATdUi, 

Ditto 


ATtng^ 


flO.  Vidonia, 

81.  Allwflon, 

82.  T>^*i«g«, 

83.  White  Hflnmtage^ 
84  RouttUoD, 

Ditto 

Arerage^ 
8A.  ClaKC 
Ditto 
Ditto 
Ditto 

ATtng^ 

86.  Malmsey  MmkiFi, 

87.  Lonely 
8a  Sberaas, 

8fk  oyncuaey  ••  - 

30.  SMiterne, 

31.  Burgundy, 

Ditto 
Ditto 
Ditto 

Average^ 
82.  Hock, 
Ditto 
Ditto  (old  in  cask) 

ATerage, 
33.  Nice, 
34. 
35. 
36. 


Tent^ 
Champ^gn^  (t»S\l) 

Ditto,  (sparkling) 

Ditto  (red) 

Ditto  (ditto) 


37.  Red  Hermitage, 

38.  Vin  de  GniTe^ 

Dittos 


ATerage, 


ATerage^ 


FsoMitlMi  af 
apbttperosnt 
bymMMira. 

18.11 

aao 

8.10 

a66 
a85 

7.86 
7.86 
7.43 
9.00 
7.86 

ai3 

7.11 
a38 
i.08 
8.91 
5.10 
6.40 
5.58 
5.58 
5.88 
488 
6.60 
5.88 
453 
1.95 
457 
437 

aoo 

a88 

8.08 
463 
a86 

laso 

&80 
8L80 
8.56 
1.30 
8.61 
8.38 
a94 
8.80 
a37 
8.79 
8.38 
1.84 


39.  Frontignac, 

4a  Cote  Rotie, 

41.  Gooseberry  wine, 

48.  Orange  wine^^-aTerage  of  six 
samples  made  by  a  London 

manufacturer,          -  11.86 

4a  Tokay,            -             -  9.88 

44  Elder  wine,         -            .  9.87 

45.  Oder,  highest  average^  .  9.87 
Ditto,  lowest  ditto,          -  5.81 

46.  Perry,  aTerage  of  four  samples,    7.86 

47.  Mead,            -                -  7.38 

48.  Ale(BurUm)  .  a88 
Ditto  (Edinburgh)  .  6.80 
Ditto  (Dorchester)            .  5.56 

ATerage^  6.87 

49.  Brown  stoot^                -  a80 

50.  London  Porter,  (aTerage)  480 

51.  Ditto  smaU  beer,  (ditto)  J. 88 

52.  Brandy,            -            -  5a39 

53.  Rom,                .            .  5a68 


54  Gin, 

55.  Seotdi  Whisky, 

56.  Irish  dittos  -  53L90 
WINE  (OIL  OF).    See  Oil  or  W 
WITHERITE.      Oaibonate  «r 

See  Hkatt  Spab. 

WOAD,  Isatas,  Glestom,  ia  apbai 
grows  wild  in  some  parts  of  Fkvnoe^ 
the  coast  ofthe  Baltic  Sea.    The  wild 
and  that  which  is  cultivated  for 
the  dyers,  appear  to  be  the  same 
plant. 

The  preparation  of  woad  for 
practised  in  France,  is  minutely 
by  Astroc,  in  his  Memom  for 
History  of  Languedoc.— Hie  plmit 
forth  at  lirrt  6ve  or  six  upright  leaves 
a  foot  long  and  six  inches  broad:  when 
hang  downwaids,  and  turn  yellow,  fhef  mn 
fit  for  gatfaeriag ;  live  crops  are  gallimd  na 
one  year.  The  learea  are  carried  diraelly-  to 
a  mill,  much  resembling  the  oil  or  CaB-ndDi^ 
and  ground  into  a  smooth  poalew  If  this 
process  were  deferred  for  sonae  timc^  tfaoy 
would  putrefy,  and  send  forth  an  i 
able  stench.  The  paste  ia  hud  in 
pressed  dose  and  smiooth,  and  the  Marlish 
crust,  which  forms  on  the  ootaideb  reunitad 
if  it  happen  to  crack:  if  thia  wcse  ne- 
glected, little  woraia  would  be  pffedneed  in 
the  cracks,  and  the  woad  would  loae  part  of 
ita  strength.  After  lying  for  fifteen  dsys^ 
the  heaps  are  opened,  the  croat  rabbed 
mixed  with  the  inside,  and  the 
ad  into  oval  baUs,  whidi 
and  aolid  in  wooden 
dried  upon  hurdles:  in  the  ann  thej  tnm 
Uack  on  the  outude^  in  a  close  place  jaU 
lowish,  eqwdally  if  the  weatlier  be  miny^ 
The  dealna  in  thia  commodity  piefei  the 
first,  though  it  is  said  die  woritmcn  find 
no  consider^le  difference  between  the  two. 
The  good  baUs  are  distii^gnished  bj 
being  weighty,  of  a  pretty 
and,  when  rubbed,  of  a  violet  colour  wiib- 
in. 

For  the  use  of  the  dyer,  these  balla 
quire  a  fiwther  preparation :  they  are 
with  wooden  niallets,  on 
floor,  into  a  gross  powder, 
up  in  the  middle  of  the  room  to  tiie  height 
of  four  foet,  a  space  being  left  for 
round  the  sides.  The 
with  water  forments,  grows  hot|  and 
out  a  thick  fetid  fume.  It 
backward  and  forward,  and  moistened 
day  for  twdve  days ;  after  which  it  ia  stimd 
leas  frequentl3r»  without  vratcring,  and  at 
length  inade  into  a  heap  for  the  dyer. 

The  powder  thus  piwpaicd  givea  only 
brownish  tinctons  of  difikent  shades  to 
water,  to  alcohol,  to  ammonia,  and  to  fixed 
alkah'qe  lixivia ;  rubbed  on  paper,  it 
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nunicttes  a  green  ttain.  On  diluting  the 
powder  with  boiling  water,  and,  after  atand- 
ing  for  lome  hours  in  a  doM  vesaely  adding 
about  on»>twentieth  its  weight  of  lime  newlj 
slacked,  digesting  in  a  gentle  warmth,  and 
stirring  the  whote  togedier  every  three  or 
four  houn,  a  new  fermentation  begins;  a 
blue  froth  rises  to  the  surface,  and  the  li- 
quor, though  it  appean  itself  of  a  reddish 
colour,  djes  woollen  of  a  green;  which, 
like  the  green  from  indigo,  changes  in  the 
air  to  a  blue.  This  is  one  of  the  nicest 
processes  in  the  art  of  dyeings  and  does  not 
well  succeed  in  the  way  of  a  small  experi^ 
raent 

WOLLASTONITE.  A  mineral  found 
in  small  masses,  of  a  brownish  tinge  exter- 
nally, transparent  and  colourless  internally, 
or  of  a  flesh  colour ;  highly  crystalline.  It 
seems  to  be  a  tabular  spar,  from  the  mea- 
surements by  the  reflective  goniometer  of  its 
mechanical  divisions.  A  more  distinctive 
mineral  honour  should  be  appropriated  to  Dr 
Wolbwton. 

WOOD  (OPAL).     See  Opal. 

WOOD  (ROCK).  The  ligniform  as- 
bcstusk 


WOODSTONE.  A  sub-species  of  hon^ 
stone. 

WOOD-TIN.     See  Oees  of  Tsk. 

WOOL.     See  Afkenhde. 

WOOTZ.  A  natural  steel  directly  ob- 
tained by  the  natives  from  the  reduction  of  a 
pure  magnetic  iron  ore  in  the  East  Indies; 
but  the  metal  is  in  general  far  from  homo- 
geneous. Those  ingots  which  are  so^  fur- 
nish steel  instruments  of  excellent  quality. 

WORARL  A  deadly  poison  extncted 
from  a  plant  called  mavacuri  by  the  South 
American  Indians.  It  appears  to  be  a  spe- 
cies of  palm.  The  bark  of  it  is  peeled  or 
scnped  off,  and  bruised  well  in  a  mortar. 
Water  is  then  drsined  through  it  over  coU 
ton.  This  infusion  is  put  into  an  earthen 
pot,  and  boiled  down  to  a  proper  consistence. 
The  operation  of  this  poison  on  the  animal 
frame  is  most  mysterious.  It  extinguishes 
the  vital  spark  vHthout  a  pang  or  struggle. 
The  animal  under  its  influence  unks  as  if  by 
profuse  bleedings  and  swoons  away  out  of 
bttng. 

WORT.     See  Beeb,  Ddhllation,  and 
Febmbntation. 

WOLFRAM.     See  Obss  of  Tunqsiin. 


X 


XANTHIC  ACID.     See  Acid  (Hy- 

DBOXANTHIC). 

XANTHIC   oxide.      a  species  of 

urinary  calculus.   See  Calculus  (Ubinaey.) 

XANTHOGEN.     A  compound  of  sul- 


phur and  carbon,  which  forms  a  double 
radical,  analogous  in  state  of  combination  to 
cyanogen,  which,  with  hydrogen,  forms  an 
acid  called  the  Hydroxanikie  ;  which  see^  as 
also  the  sequel  of  Acm  (Sulfbocyanic). 


YANOLITE.     Axinite. 

YEAST.  See  F^ebmbntation,  and 
Bbbad. 

YELLOW  EARTH.  Colour  ochre- 
yellow;  massive;  dull;  fracture  slaty  or 
earthy ;  streak  somewhat  shining ;  opaque ; 
soils  slightly ;  soft ;  easily  frangible ;  adheres 
to  the  tongue ;  feels  rather  greasy ;  sp.  gr. 
8.84:  before  the  blowpipe  it  is  converted 
into  a  black  and  shining  enameL  Its  con- 
stituents are,  silica  98,  alumina  8,  lime  S, 
iron  3,^MeTat'OmlhL  It  is  found  at 
Wehraw  in  Upper  Lusatia,  where  it  b  asso- 
ciated with  day  and  clay-ironstone.  When 
burnt.  It  is  sold  by  the  Dutch  as  a  pigment 
under  the  name  of  English  red.  It  was 
used  as  a  yellow  paint  by  the  ancients. 

YENITE.     Lievrite. 

YTTRl  A.  ThM  is  a  new  earth  discover- 
ed in  17M  by  Professor  Gsdolin,  in  a  stone 
from  Yttcrby  in  Sweden.     See  Oadounitb. 

It  may  be  obtained  most  readily  by  ftising 
the  gadolinite  with  two  parts  of  caustic  pot- 
ash, washing  the  mass  with  boiling  water,  and 
filtering  the  liquor,  which  b  of  a  fine  green. 


Tbb  liquor  b  to  be  evaporated  till  no  more 
oxide  of  manganese  falb  down  frnom  it  in  a 
black  powder ;  after  which  the  liquid  b  to  be 
saturated  with  nitric  add.  At  the  same 
time  digest  the  sediment,  that  was  not  dis- 
solved, in  very  dilute  nitric  acid,  which  will 
dissolve  the  earth  with  much  heat,  leaving  the 
silex  and  the  highly  oxided  iron  undissolved. 
Mix  the  two  liquors,  evaporate  them  to  dry- 
ness, redissolve^  and  filter,  which  will  sepa- 
rate any  -silex  or  oxide  of  iron  that  may  have 
been  Idt.  A  few  drops  of  a  solution  of  car- 
bonate of  potash  will  separate  any  lime  that 
may  be  present,  and  a  cautious  addition  of 
bydrosulphuret  of  potash  will  throw  down  the 
oxide  of  manganese  that  may  have  been  left ; 
but  if  too  much  be  employed,  it  will  throw 
down  the  yttria  likewise.  Lvtly,  the  yttria 
b  to  be  predpitated  by  pure  ammonia,  well 
washed,  and  dried. 

Yttria  b  perfectly  white,  when  not  cob- 
tsminated  with  oxide  of  manganese,  from 
which  it  is  not  easily  fived.  Its  spedflc 
gravity  b  4.842.  It  has  ndther  taste  nor 
smelL     It  is  infrjsible  alone ;  but  with  borax 
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■Mitt  into  a  truMparant  gUus,  or  opaque 
white  if  the  horex  were  in  excess.  It  is  tA- 
soluble  in  wtter«  end  in  caustic  fixed  alkalis ; 
but  it  dissolves  in  cubooaie  of  ammooie, 
though  it  TC^uiKs  Ato  or  six  times  es  much 
as  ghicine.  It  is  soluble  in  most  of  the 
aci£b<  Hie  oxidic  aetd^  or  oxalate  of  ammo* 
oia*  Ibrms  pradpttates  in  ils  solutions  perfects 
}f  resembling  tlie  maiiate  of  silver.  Prue* 
siate  of  potMb^  cryatellised  and  redissohred 
in  water,  throm  it  dDwn  in  white  grains; 
.phosphate  of  soda,  in  white  gelatinous  flakes ; 
infusion  of  gallsy  in  brown  flocks 

When  yUtim  b  treated  with  .potassium  in 
the  same  manner-  as  the  other  earths,  similar 
nsults  are  obtained ;  the  potassium  becomes 
potash,  and  the  earth  gains  ^pearances  of 
metallisation.  Acoording  to  Klaproth,  55 
.parts  of  yttria  combine  with  18  parts  of  car- 
bonic aad ;  consequently,  if  it  be  supposed 
that  the  carbonate  of  yttria  consists  of  one 
prime  proportion  of  earth  and  one  of  add, 
its  piime  equivalent  will  be  S.A/03,  and  that 
of  its  metallic  basis  probably  7.4.  The  saha 
of  yttria  have  the  following  general  cfaarsc- 
ters:^ 

1.  Many  of  them  are  insoluble  in  water. 

2.  Predpiutes  are  occasioned  in  those 
which  dissolve,  by  phosphate  of  soda,  car- 
bonate of  soda,  oxalate  of  ammonia,  tartrate 
of  potash,  and  ferroprussiate  of  potash. 

S.  If  we  except  the  sweet-tasted  soluble 
sulphate  of  yttria,  the  other  aalts  of  this  earth 
resemble  those  with  base  of  iime  in  their 
lubility.     See  Sai.'xa. 


YTTRIUM  has  been  laielj  piocujail  bf 
M.  Wohkr  by  a  process  simamr  to  <lMt 
ployed  £sr  obtaining  ghidaaoB.  Ita 
is  soaly;  its  colour  giey«blaek»  and 
perfectly  metallic :  this  scaly  texture 
guishes  it  fiom  aluminum  aad  ^i 
In  brightness  of  ooiovr  and  matallic 
is  inferior  to  alunnoum;  their 
these  respects  being  as  iron  to  tin.  All 
nam  appears  to  be  a  dudila 
yttrium  a  brittle  one:  the  latter, 
ten^ratores,  is  not  oxidised  eidier  in 
water,  but  when  heated  to  redncas  it 
with  splendour,  and  becomes  yttria.  In 
oxygen  gas  the  con^ustion  is  of  die  mo* 
brilliant  kind.  Hie  resulting  yttria  tt  wUlc^ 
and  shews  evident  marks  of  fusion.  Tttiiom 
dissolves  in  sulphuric  add,  Insa  icaifily  m  a 
aolutioa  of  potaA ;  ammonia  does  not  act  osi 
it.  It  combines  with  sulphur,  iwhmniii,  nod 
phosphoms..— jfnik  de  Cfttac.  st  de  My^ 
xxxix.  77. 

YTTRO-TANTALITE.      An  ore  erf* 
Tantalum. 

YTTRO-CERITE.  Colours  >ed<fisb  and 
greyish-white,  and  violet  blue  ;  mnsaive^  and 
in  crusts;  cleavage  indistinct;  opaque;  yidik 
to  the  ki^ ;  scratches  fluor ;  sp.  gr.  S.447. 
Its  constituents  are^  oxide  of  cerium  13115^ 
yttria  146,  lime  47.77,  fluoric  add  2145.* 
BerxeUut.  It  has  hitherto  been  fiiund  only 
at  Flnbo^  near  Fahlun  in  Sweden,  imbedded 
in  quarts,  or  incrusting  pyropbyiafito» 


Z 


Z  AFFRE,  OE  S  AFFRE,  is  the  lesiduum 
of  cobalt,  after  the  sulphur,  arsenic,  and  other 
volatile  matters  of  thu  mineral  have  been  ^- 
pelled  by  calcination. 

The  safiVe  that  is  commonly  sold,  and 
which  cames  from  Saxony,  is  a  mixture  of 
oxide  of  cobalt  with  some  vitrifiable  earth. 
It  u  of  a  grey  colour. 

ZANTUOPICRITE.  The  name  given 
by  MM.  Chevaliier  and  6.  Pelletan  to  aoys- 
talline  subMance,  which  they  extracted  fiiom 
the  baik  of  the  Zanthexifaim  of  the  Gkribbee 
isUmda^—Nfoama/  de  Ckinu  Med. 

ZEAGONITE.     Abrasite. 

ZEINE.  The  sdne  of  John  Gorfaam  is 
obtained  from  maixe  of  Indian  com,  by  in- 
fusing it  in  water,  filtering,  and  treatiag  with 
alcohol  the  matter  insoluble  in  the  former 
liquid,  and  evaporating  the  alcoholic  solution. 
yfe  thus  obtain  a  yellow  substance  having 
the  appearance  of  wax;  it  is  soft,  ductile^ 
tough,  elastic,  insipid,  nearly  void  of  smell, 
and  denser  than  water.  .  It  affords  no  am- 
monia on  decomposition  by  heat;  though  it 
approaches  in  its  nataie  to  gluten. 

ZEX>LIT£.     The  name  of  a  very  exten- 


sive minersl  genutt  containing  the  followii^ 
spedes :-— 1.  Dodecahedral  seolite  or  leodte; 
1^  hexahednd  seolite  or  analdme ;  3.  item- 
boidal  zeolite,  chabasite,  or  chahasie;  4b  py- 
ramidal xeolite,  or  cross-stone ;  5.  diprismBtic 
seolite^  or  lanmonite ;  6.  primatic  aeolifte^iir 
mesotyp^  diradcd  into  three  nnh  rrprrifi,  . 
fifasotts  aeolite,  natrolite,  and  mealy  aeolito; 
7<  prismateidal  .seolite,  or  stilbifte,  compre- 
hending foliated  seolite  and  radiatod  aaoliie; 
S.  axifirangibla  seolite,  or  apophyUite.  The 
folknring  belong  to  this  place :— • 

6.  Prismatic  zeolite  or  meeotype. 

§  1.  Fihrou*  aeoHte,  of  which  there  are  two 
kinds;  the  adcular  or  needle  aeolite,  awl 
coonnon  fibrous  seoUte. 

a.  Macular  or  needle  xeoUte,  the  mesotype 
of  Haiiy.  Colours  greyish,  yellowish,  or  red- 
dish-white ;  massive^  in  distinct  concretions, 
and  crystaUised :  primitive  form,  a  prism  of 
91^  25^;  the  fiillowing  are  secondary  figures, 
-—an  adcular  rectangular  four-sided  prism, 
very,  flatly  acuminated  with  four  planes  sK 
on  the  lateral  planes ;  sometimes  two  of  the 
acuminating  planes  disappear,  when  there  is 
foiuied  an  acute  bevelniMiit,  or  the  prism  is 
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ttnamtad  m  the  edgvi  lateral 
plaiMti  longittniinally  iknaked ;  Bhtmng,  in- 
clining to  pearly ;  cleavage  twofold ;  fhurture 
small  grained  uneren ;  fVagmenta  splintery ; 
translnceiit ;  refhuts  double;  as  hard  as  apa- 
tite; brittle;  sp.  gr.  2.0  to  2.3.  It  intu- 
meaces  before  the  bloarptpe,  and  forms  a  jelly 
^th  madB.  It  beoomea  elastic  by  heating, 
and  fetains  this  property  some  time  after  it 
hns  cooled.  The  free  extremity  of  the  crys- 
tal with  the  aci2mination»  shows  positive,  the 
attachad  end,  negative  dectridty.  Its  con- 
Mituents  are^  silica  50.24^  alumina  2^3,  lime 
BA&9  water  Kk'^VauqueUtt.  It  occurs  in 
aacondary  trap-rocks,  as  in  basalt,  greenstone^ 
and  amygdaloid.  It  is  found  near  the  village 
of  OUl  ]^lpatrick»  Dumbartonshire ;  in  Ayr- 
shire and  Perthshire,  always  in  trap  rocks;  in 
Icalanfi^  and  in  the  Faroe  Islands* 

6.  Caflftmen,)l6ro««  ueoiiie^  Colour  white ; 
masnva^  in  distinct  concretions,  and  in  capil- 
lary oyitals ;  (Simmering,  pearly ;  fragments 
apKnlery;  laintly  translucent;  hardness  as 
before;  rather  brittle;  sp.  gr.  2.16  to  2.2: 
cbeaiiaal  characters  and  situations  as  abova 
Its  constituents  are^  silica  4^  alumina  27, 
soda  17,  water  9.5.— -AniMjoa. 

S  2.  Mtaiy  seolUe*  Colour  white,  of  vaii- 
ous  shades ;  massiTe^  imitative^  in  a  crust,  or 
in  delicate  fibrous  concretions;  feebly  gHm- 
medng ;  ftacture  coarse  earthy ;  opaque ;  the 
mass  is  soft,  but  the  minute  parts  as  hard  as 
the  preceding ;  sectile ;  most  easily  frangible ; 
does  not  adhere  to  the  tongue ;  feels  meagre ; 
sometimes  so  light  as  nearly  to  ilaot  on  water ; 
it  intuigsesces,  and  gelatinises  as  the  preced- 
ing. Its  constituents  are,  silica  60,  alumina 
l&i6»  lime  8^  oxide  of  iron  1.8»  loss  by  ex- 
posura  to  beat*  1  U6^~^Mumger,  It  occun 
like  the  others.  It  Is  found  near  Tantallon- 
castle  in  East  Lothian,  and  in  the  ialands  of 
Skye,  Mull,  and  Canna. 

7.  iVtf  laaleula/  ggoiiie,  or  aiUhile.  Of  this 
there  are  two  snb-species;  the  foliated  and 
radiated. 

S  1.  Foliated  weoUte^  the  stilbite  of  Haiiy. 
Colour  whiter  of  Tarious  shadea;  massive, 
dissemiQated,  imitative,  in  distinct  granular 
concretions,  and  crystallized :  primitive  form, 
a  prism  of  99^  22^;  secondary  forms  are,  a 
low  oblique  four-aided  prism,  variously  trun- 
cated; a  low  equiangular  six-sided  prism; 
and  an  eight-sided  prism,  from  truncation  of 
all  the  edges  of  the  four-sided  prism ;  lateral 
planes,  transversely  streaked ;  shining^  pearly ; 
cleavi^  single ;  fracture  ooncboidai ;  trans- 
lucent ;  refractsnngle ;  as  hard  as  calcareous 
spar;  brittle;  sp.  gr.  2  to  2.2 :  it  intumesces 
and  phosphoresces  before  the  blowpipe,  but 
does  not  form  a  jelly  with  adds^  Its  con- 
stituents are,  silica  52.6,  alumina  17.5,  lime 
9,  water  18.5.— rou^uc^ia.  It  occun  prin- 
dpally  in  secondary  amygdaloid,  other  in 
drusy  cavities  or  in  contemporaneotts  Tdns. 
It  is  also  met  with  in  primitive  and  transition 


matnHafoa.  Very  heautifiil  specittietis  af  the 
red  fohatad  and  radiated  zeolites  are  found  at 
CariMtk  in  Stirlingshire^  and  at  Loch  Humr 
phrey  in  l)umbartonshire ;  also  in  the  secoup 
dary  trap  rocks  of  the  Hebrides,  as  of  Skye^ 
Canna,  and  MuU ;  and  in  the  north  of  Ire- 
land. 

§  2.  Radiated  xeoUte.  Stilbite  of  Haiiy. 
Colours  yellowish-while  and  greyislK white ; 
aoassive,  in  angular  pieces,  in  prismatic  and 
granular  concretions,  and  crystallised  in  a  rec- 
tangular four-sided  prism,  variously  modified 
by  acuminations;  shining,  pearly;  tnnslu*- 
cent;  hardness  and  chemical  charactcre  as 
above;  brittle;  sp^  gr.  2.14*.  Its  eonstitu- 
ents  are,  silica  40.96,  alumina  39.0^  lima 
10.95,  water  16.5. — Meyer.  Its  situations 
are  as  the  preceding.— >7baitfi9it. 

ZERO.  The  commencement  of.  a  scale 
marked  O.  Thus  we  say  the  sero  of  Fah- 
renheit, which  is  32®  below  the  melting  point 
of  ice;  the  zero  of  the  centigrade  scale,  which 
coinddea  with  the  freezing  of  water,  llie 
absolute  zero»  is  the  imaginary  point  in  the 
scale  of  temperature,  when  the  whole  heat  is 
exhausted;  the  term  of  absolute  cold,  or  pri- 
vation of  caloric     See  CaloeiC 

ZIMOME.  The  gluten  of  wheat,  treat- 
ed by  alcoholt  is  reduced  to  the  third  part  of 
its  bulk.  This  diminution  is  owing,  not 
merely  to  the  loss  of  gliadinc,  but  likewise  to 
that  ^  water.  The  residue  is  simome»  which 
may  be  obtained  pure  by  boiling  it  repeatedly 
in  alcohol,  or  by  digesting  it  in  repeated  por- 
tions of  that  liquid  cold,  till  it  no  longer  gives 
out  any  gliadine.     See  GusJUNB. 

Zimome  thus  purified  has  the  form  of  small 
gk>bules,  or  constitutes  a  shapelesa  mass, 
which  is  hard,  tough,  destitute  of  cohesion, 
and  of  an  ash-white  colour.  When  washed 
in  water,  it  recovera  part  of  its  viscosity*  and 
becomes  quickly  brown  when  left  in  oootaf  t 
ef  the  air.  It  is  specifically  heavier  than  wa- 
ter. Its  mode  of  fermenting  is  no  longer  that 
of  gluten ;  for  when  it  putrefiav  it  exhales  a 
fetid  urinous  odour.  It  dissolves  completely 
in  vinagar,  and  in  the  mineral  adds  at  a  boil- 
ing temperature.  With  caustic  potash  it  com- 
bines, and  forms  a  kind  of  soap.  When  put 
into  lime  vrater,  or  into  the  solutioos  of  the 
alkaline  carbonates,  it  becomes  harder,  and 
assumes  a  new  appearance  without  dissolving. 
When  thrown  upon  red-hot  coals,  it  exhales 
an  odour  rimilar  to  that  of  burning  hair  or 
hoofs,  and  bums  with  flame 

Zimome  is  to  be  found  in  several  parts  of 
vegetables.  It  produces  various  kinds  of  fer- 
mentation, according  to  the  nature  of  the  sub- 
stance wiUi  which  it  comes  in  contact. 

ZINC  is  a  metal  of  a  bluish-white  colour, 
somewhat  brighter  than  lead ;  of  considerable 
hardness,  and  so  malleable  as  not  to  be  broken 
with  the  hammer,  though  it  cannot  be  much 
extended  in  this  way.  It  is  Tery  easily  ex- 
tended by  the  roUen  of  the  flatting  milL    Its 
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in.  gr.  bft«iii6.9to7.8.  In  a  taDpentnte 
bctwceo  210^  and  S00<>  of  F.,  it  hat  so  mudi 
ductility  that  it  can  be  dnwn  into  wire,  as 
well  as  laminated,  for  wliicb  a  patent  has  been 
obtained  by  Messrs  Hobson  and  Sylvester 
of  Sbefficid.  The  sine  thus  annealed  and 
wrought  retsins  the  maUeability  it  had  ac- 
quired* 

Yihm  broken  by  bending,  its  texture  ap- 
pears  as  iT  cMnpaaed  of  cubical  grains.  On 
account  of  its  fanperfect  malWbilify,  it  is  dig- 
ficult  to  reduce  it  into  small  parts  hf  fifing  or 
hammering ;  but  it  may  be  gmnnlafted,  like 
the  mallei3>le  metals,  by  pouring  it,  when 
fused,  into  cold  water ;  or,  if  it  be  heated 
nearly  to  melting,  it  is  then  sufficiently  brittle 
to  be  puHrcrised. 

It  mdts  long  before  ignition,  at  about  the 
70CHh  degree  of  Fahrenheit's  thermometer; 
and,  soon  after  it  becomes  red-hot,  it  bums 
with  a  dassling  white  flame,  of  a  bluish  or 
yeUowish  tinge,  and  is  ozidiaed  with  such 
rapidity,  diat  it  flies  up  in  the  finrm  of  white 
flowers,  odlcd  the/ow0rt  rf  xmc,  or  philoto- 
phical  wooi»  These  are  generated  so  plenti- 
fully, that  die  acoesB  of  air  Is  soon  inter- 
cepted; and  the  combustion  ceases,  unless 
the  matter  be  stirred,  and  a  considen^le  heat 
^  kept  up.  Hie  white  oxide  of  sine  is  not 
▼olatile,  but  b  driven  up  merely  by  the  force 
of  the  combustion.  "When  it  is  again  uijged 
by  a  strong  heat,  it  becomes  converted  into 
a  clear  yellow  glass.  If  zinc  be  heated  in 
closed  vessels,  it  rises  without  decomposition. 

The  oxide  of  sine,  according  to  the  experi- 
ments of  MM.  Gay  Lussac  and  Beraelius^ 
consists  of  100  metal  .^  2.44  oxygen ;  whence 
the  prime  equivalent  appears  to  be  .4. 1.  Sir 
H.  Davy  makes  it  i.4  from  his  own  and  his 
brother's  experiments. 

When  zinc  b  burned  in  chlorine^  a  solid 
substance  is  formed  of  a  whitish-grey  colour, 
and  semitransparent     This  b  the  only  chlo- 
ride of  zinc,  as  there  is  only  one  oxide  of  the 
metaL     It  may  likewise  be  made  by  heating 
together  zinc  filings  and  oorrosiTe  sublimate. 
•  It  b  as  soft  as  vrax,  fuses  at  a  temperature  a 
little  above  212^,  and  rises  in  the  gaseous  form 
at  a  heat  much  below  ignition.     Its  taste  b 
intensely  acrid,  and  it  corrodes  the  skin.     It 
acts  upon  water,  and  dissolves  in  it,  produc- 
''     ing  much  heat ;  and  its  solution  decompos- 
ed by  an  alkali,  affords  the  white  hydmted 
oxide  of  zinc.    This  chloride  has  been  called 
hutUr  iff  stnC)  and  muriate  vf  xinc^     FVom 
'  the  experiments  of  Dr  John  6avy,  it  consists 
of  neariy  equal  weights  of  zinc  and  chlorine. 
The  equivalent  proportions  appear  to  be,-— 
Zinc  4.25  -f-  dilorine  4.5. 

Blende  b  the  natiTe  sulphuret  of  zinc. 
The  two  bodies  are  difficult  to  combine  arti- 
fidally.  The  salts  of  zinc  possess  the  follow- 
ing general  characters  :— 

1.  They  generally  yield  colouriess  solu- 
tions with  water. 


2L  FsfFopraasMte  of  potashy 
ret  of  potasfay  hydriodalB  of 
cttad  hydrageo^  and  alkalis^ 


a  Infuaon  of  gafls 


Dilute  sulphuric  add  disaolvea 
time  tfaat  the  temperature  of  die  I 
b  increased,  and  much  hydrogen 
undiasolved  reodue  b  ikk,  which 
supposed  to  consist  of  plumbi^ou 
however,  says,  that  it  b  a  mixture  of  j 
lead»  and  copper.      If  water  be  added* 
salt  may  be  irtrtaiuffd  in  fine  psbms 
sided  crystals.     The  while  vitriol, 
peras,  usually  sold,  b  oystalBadL  hsariTy, 
the  same  manner  as  loa^sugar,   which  « 
this  account  it  resembles  in  appearance ;  it 
slightly  efflorescent.    The  white  oxide  of : 
b  soluble  in  the  sulphuric  add,  and 
the  same  salt  as  is  afforded  by  zinc  itself: 

Sulphate  of  zinc  b  prqisired  in  the  htrge 
vray  from  some  Tarieties  of  the  native  snlphti- 
ret.  The  ore  is  roasted,  wetted  with  water, 
and  exposed  to  the  air.  The  sulphur  ■'^taitr 
oxygen,  and  b  converted  into  sulphuric  acid; 
and  the  metal,  being  at  the  same  time  oxi- 
dized, combines  with  the  acid.  After  aone 
time  the  sulphate  is  extracted  by  solutioii  in 
water ;  and  die  solution  bdng  evapoiaied  to 
dryness,  the  mass  b  run  into  mouhb.  Tims 
the  white  vitriol  of  the  shops  geoesslly 
tains  a  small  portion  of  iron,  and 
of  lead. 

Sulphurous  add  dissolves  sine,  and  aiil- 
phurelted  hydrogen  b  evdiTed*  Hie  soh>- 
tion,  by  exposure  to  the  air,  deposito  needly 
crystals,  which,  according  to  Fourcroy  and 
Vauquelin,  are  sulphuretted  sulphite  of  siB& 
By  dissaving  oxide  of  anc  in  solpburans 
aod,  the  pure  sulphite  b  obtained.  Thb 
b  soluble  and  crystallisable. 

Dilute  nitric  add  oombines  rqpidly  with 
zinc,  and  producea  much  heat,  at  the  same 
time  that  a  large  quantity  of  nitrous  air  ffies 
off  The  solution  b  Tcry  caustic^  and  aflods 
crystab  by  eraporation  and  coolings  which 
allghtly  detonate  upon  hot  eoab,  and  leave 
oxide  of  zinc  behind.  Thb  salt  b  drfignr*. 
cent 

Muriatic  add  acts  very  strongly  upon  zinc, 
and  disengages  much  hydrogen ;  the  solntioB, 
when  evaporated,  does  not  affivd  crystab^  but 
becomes  gebtinous.  By  a  strong  heat  it  b 
partly  decomposed,  a  portion  of  the  add  bcisig 
expdled,  and  part  of  the  muriate  subUmea  and 
condenses  in  a  congeries  of  priams. 

Phosphoric  add  disserves  zinc.  The  plioa- 
phate  does  not  crystallize,  but  becomes  gela- 
tinous, and  may  be  ftiaed  by  a  strong  heat 
The  concrete  phosphoric  aod  heated  with 
zinc  filings  b  decomposed. 

Fluoric  add  likewise  dissol^ea  zinc. 

The  bonric  add  digested  with  zinc  becomes 
milky ;  and  if  a  solution  of  borax  be  added  to 


ZIRCON.  aSl  ZIRCONIA. 

alolutiimofiBtitMteornitratooriificttktii-  Zitoodu,  aaOO  7a60 

scrfubb  borate  of  tine  M  thrown  down.  SUica,  2^60  25.00 

A  tolution  of  cubonic  acid  in  water  di^  Oxide  of  iron,    0.50  5.00 

aohrea  a  small  quantity  of  anc,  and  more  rei^  Before  the  blowpipe  it  loees  its  colour,  btit 

dBr***^""^    ICthKMlulioa  faeeipoeed  to  doee  not  melt.    In  the  flanalpe  in  Cartnthia, 

theair,atiiiniiideKeDlpeilicblbnna6ai»  fjiMiiil  anaa  eeana  in  a  bed  of  albite 


tiirface.  and  of  pfimataidal  angite  tpas^  catted 

Acetic  acid  raadilydiaolTes  line,  and  yields     sitc^  in  gneiss.   In  Ceylon,  in  FVancc^  at  Bi- 


byeraporataoncrystab  of  acetate  of  line,  fim»>     lin  in  Bohemia,  pyramidal  siroon  ocoun  in 
ing  rbomboidal  or  hexagonal  plates.     These     the  sand  of  riven ;  it  is  also  eonunonly  found 


are  not  altered  by  exposure  to  the  air,  are  so-  with  the  native  platina.     Zircon  is  used  as  a 

luble  in  water,  sod  bum  with  a  blue  flame.  gem,  but  is  of  no  high  Talue.     It  is  called 

Oxalic  add  attacks  sine  with  e  violent  eC>  Uie  jaigon  of  diamond, 

lervescence^  and  a  white  powder  soon  subsides,  ZIRCONIA  was  first  disoovered  in  the 

which  is  oxalate  of  sine.     If  oxalic  add  be  jaigcm  of  Ceylon  by  Kiaproth,  in  1789,  and 

dropped  into  a  solution  of  sulphate^  nitrate^  it  has  since  been  found  in  the  jacinth.     To 

or  muriate  of  sine,  the  same  salt  is  piedpi-  obtain  it,  the  stone  should  be  caldned  and 

tated ;  it  bdng  scarcely  soluble  in  water,  un-  thrown  into  cold  water,  to  render  it  friable^ 

lets  an  excess  of  add  be  preset.  and  then  powdered  in  an  agate  mortar.    Mix 

Tartaric  add  likewise  dissolves  sine  with  the  powder  with  nine  ports  of  pure  potesh, 

cflfervescence,  and  forms  a  salt  difficult  of  and  prcject  the  mixture  by  spoonfuls  into  a 

solution  in  water.  red-hot  crudble^  taking  care  that  each  por- 

Citric  add  attacks  tine  with  effinrvescence,  tion  »  Aised  before  amtfher  is  added.    Keep 

and  small  brilliant  crystals  of  dtrate  of  tine  the  whole  in  fusion,  with  an  increased  heat, 

are  gradually  deposited,  which  are  insoluble  for  an  hour  and  half.    When  cold,  break  the 

in  water,    llieir  taste  is  styptic  and  metallic,  crucible^  separate  its  content!,  powder  and 

Malic  add  dissolves  tine,  and  affbrds  beau-  boil  in  water,  to  dissolve  the  alkalL     Waah 

tiAil  crystals  by  evapofation.  the  insoluble  port ;  dissolve  in  muiiatic  add ; 

Hie  metallic  adds  likewise  combine  with  heat  the  solution,  that  the  silex  may  foil  down ; 

tine.  and  predpitate  the  siroon  by  caustic  fixed  al- 

Zinc  u  predpitated  from  adds  by  the  solu-  kali.     Or  the  tiroon  may  be  prsdpitated  by 

ble  earths  and  the  alkalis :  the  latter  redissolve  cart»onate  of  soda,  and  the  caibonic  add  ex* 

the  predpitate,  if  they  be  added  in  excess.  polled  by  heat. 

Zinc  may  be  combined  with  phosphorus,  Nmo  Froent/or  preparing  purt  Zireomtu 

by  projecting  small  pieces  of  phosphorus  on  Powder  the  tircons  very  fine^  mix  ■  them 

the  sine  melted  in  a  erurible^  the  sine  bdng  with  two  parts  of  pure  potsish,  and  heat  them 

covered  with  a  little  lesio,  to  prevent  its  oxi-  red-hot  in  a  silver  crudUc^  for  an  hour.   IVeat 

dation.     Fbosphuret  of  sine  is  whiter  with  a  the  substance  obtained  with  dkirilled  water, 

shade  of  bluish-grey,  has  a  metallic  lustre^  pour  it  on  a  filter,  and  wash  the  insoluble 

and  is  a  little  malleable.  part  well :  it  will  be  a  compound  of  xir6onia» 

Most  of  the  metallic  combioations  of  tine  silex,  potash,  and  oxide  of  iron.     Dissolve  it 

have  been  already  treated  of.      It  forms  a  in  muriatic  add,  and  evaporate  to  dryness,  to 

brittle  compound  with  antimony;  and  its  e^  separate  the  silex.     Redissolve  the  muiiateo 

fectson  manganese,  tungsten,  and  molybdena,  of  siroonia  and  iron  in  water ;  and  to  separate 

have  not  yet  been  ascertained.  the  lirconia  which  adheres  to  the  silex,  wash 

An  alloy  of  sine  and  iron  has  been  collect-  it  with  weak  muriatic  add,  and  add  this  to 

ed  by  Mr  Herapath  in  a  zinc  manufactory  at  the  solution.    Filter  the  fluid,  and  predpitate 


BristoL     It  lined  the  tube  leadingftom  the     the  sirconia  and  iron  by  pure  ammonia; 
retort.     It  was  hard  and  brittle^  iht  fracture     the  predpitates  wdl,  and  then  treat  the  hy- 


showing  broad  foceu  like  tine,  but  of  a  dull-  draies  with  oxalic  acid,  boiling  them  well 

er  grey  colour,  with  surfiM^es  more  rough  and  together,  that  the  add  may  act  on  the  iroot 

granular.     Its  sp.  gr.  was  7.17^.   It  con-  retaining  it  in  solution,  whilst  an  insoluble 

sieted  of  98.6  tine  -^  7.4  iron,  in  100.-—  oxalate  of  xirconia  is  Ibrmed.     It  is  then  to 

FhiL  Magaxing,  IxiL  ISa  be  filtered,  and  the  oxalate  washed,  until  no 

Z INKENITE.     A  mineral  consisting  of  iron  can  be  detected  in  the  water  that  passefc 

sulphur  22,58,  lead  31.34^  antimony  44.39,  The  earthy  oxalate  is,  when  dry,  of  an  opa- 

copper  0.42,  ^  99.2a  line  colour.     After  being  well  washed,  it  is 

ZIRCON.      Fundamental  fonn,  an  isoe-  to  be  decomposed  by  heat  in  a  platinum  cru- 

celes   four-sided  pyramid ;  lustre  adaman-  dble. 

tine;  colours  various;  streak  white;  trana-  Thus  obtained,  the  siroonia  is  perfoctly 

parent ;  hardness  7.5 ;  sp.  gr.  4.506.     Zir-  pure,  but  is  not  affected  by  adds.     It  must 

cons  of  the  brightest  colours^  leest  inclining  be  reacted  on  by  potash  as  before,  and  then 

to  grey,  are  called  hyadnths.     Zircon  and  washed  until  the  alkali  is  removed.     Afrer- 

hyacinth    consist,    according   to    Kiaproth,  wards  dissolve  it  in  muriatic  arid,  and  pred- 

of—  pitate  by  ammonia.     The  hydrate  thrown 

I 


ZOISITE. 


832 


ZUELITR 


dowTkf  ivfacn  well  waahtd,  is  parfertlj  pure, 
and  mtSij  soluble  in  •rids. — MM*  Dubois 
€t  SUfmm,  Ann,  de  Chimie  et  de  Phjft.  xiv. 

iia 

Zifconk  is  a  floe  wbite  powder,  widioui 
taste  or  smell,  but  somewhat  baish  to  the 
toiKb.  It  is  laeoluble  in  water ;  yet  if  slowly 
dried,  it  coalesces  into  a  semitranspavent  yeU 
lowiah  mail,  like  guBMtfabic,  which  retains 
one-third  iu  weight  of  water.  It  unitss  with 
all  the  acids.  It  is  insoluble  in  pure  alkalis, 
but  the  alkaline  caifoonates^issoWe  iL  Heal* 
ed  with  the  blowpipe  it  does  not  mdt,  bat 
emits  a  yaUowish  phosphoric  light.  Heated 
io  a  crucible  of  charcoal,  beddnl  in  charcoal 
powder,  placed  in  a  stone  crucible,  and  ex« 
poeed  to  a  good  fiorge  fire  for  some  hows,  it 
undeigoes  a  pasty  fusion,  which  unites  its 
patticles  into  a  grey  opaque  mass,  not  truly 
ritrsous,  but  more  resembling  ponselain.  In 
this  state  it  is  suiBdentiy  bud  to  strike  fire 
with  steel,  and  scratch  glass;  and  is  of  the 
specific  grarity  of  4.3. 

There  is  the  same  eridence  for  believing 
that  srconia  is  a  compound  of  a  metal  and 
oxygen,  as  that  aflbrded  by  the  action  of  pot* 
aasium  on  the  other  earths.  The  alkidine 
metal,  when  brought  into  contact  with  air^ 
conia  ignited  to  whiteness,  is,  for  the  most 
part^  converted  into  potash ;  and  dark  pav> 
tieles,  which,  when  examined  by  a  magniiy* 
ing  glass,  appear  metallic  in  some  parts,  of  a 
chocolate>brown  in  othcn,  are  found  diffused 
tluough  the  potash  and  the  decompounded 
earth. 

According  to  Sir  H.  Davy,  4.66  is  the 
prime  equivalent  of  airconium  on  the  oxygen 
scale,  and  5.66  that  of  siiconia. 

Zirconium  has  been  recently  obtained  by 
M.  Berzelius  by  a  method  exactly  similar  to 
that  for  silicium.  See  Siuauic  Zirconium 
is  as  black  as  carbon,  does  not  oxidise  ia 
water  <ir  in  muriatic  acid,  but  nitro-muriatic 
and  fluoric  adds  dissolve  it;  the  last  with 
the  disengagement  of  hydrogen.  At  a  tem^ 
peratura  but  slightly  elevated,  it  bums  with 
great  intensity.  It  combines  with  sulphur. 
Its  sulphuret  is  of  a  chestnut-brown  colour 
like  sOidum,  and  insoluble  in  muriatic  add 
or  the  alkalis.  It  bums  with  brilliancy,  pro- 
dudng  sulphurous  acid  gas  and  sirconia.*— 
Jinn,  de  Ckimu  el  de  Pkye,  xxvi.  41. 

ZOISITE.  A  sub-species  of  prismatoi* 
del  augite,  which  is  divided  into  two  kinds, 
the  common  and  firiable. 

$  I.  Commwn  xoisUe,  Colour  yeUovrish- 
grey;  massive,  in  granular  and  prismatic 
concretions,  and  crystallised  in  very  oblique 
four-sided  prisms,  in  which  the  obtuse  latoal 
edges  are  often  rounded,  so  that  the  crystals 
have  a  reed-like  form ;  shining,  or  glistening 
and  redno-peariy;  deavage  double;  fracture 


small  grained  vneven;  feebly 
as  hard  as  epidote;  very  eadly 
sp.  gr.  as :  it  is  aflfeeted  by  the  1>lew|B| 
as  epidote.  tis  constituents  are,  siScs  4 
alumina  29,  lime  21,  oxide  of  iron  &• 
JTfa/iroM.  At  the  Saoalpe  in  Ckrintliia  il 
found  imbedded  in  a  bed  of  quarts,  ale 
with  cyanite^  garnet,  and  angito;  or  it  nl 
the  place  of  felspar  in  a  granular  rock,  ee 
poeed  of  quarts  and  mica.  It  is  fiaond 
6len-£lg  in  Invemess-ehire,  and  in  9b 
land. 

§  2.  FriabU  %oi$iU.  CoUmr  rcddisb-whi 
which  is  spotted  with  pale  pead>-bloBBom  it 
massive,  and  in  very  fine  loosely  aggrtgal 
granular  concretioos;  feebly  gfimnefa 
fracture  intermediate  between  eartby  a 
splintery;  translucent  on  the  edges;  sn 
hard  ;  brittle  ;.sp.  gr.  aS.  Its  conatitne 
are,  silica  44,  alumina  32,  lime  20^  oixidc 
iron  2.5.-^jriaprotk.  Itoccure  imbeddri 
green  talc,  at  Raddgrsben  in  Cariathia. 

ZOOPHYTES  consist  chieAy  «r  tfa 
ingredients  :-^l.  An  animal  sobetaaee 
the  nature  of  coagulated  albumen,  vnryi 
in  consistency ;  sometimes  being  gclatini 
and  almost  liquid,  at  othera  of  the  conaaalei 
of  cartilage.  2.  Onbonate  of  lime.  3.  n 
phate  of  lime. 

In  some  zoophytes  the  animal  mattn 
▼ery  scanty,  and  phosphate  of  linae  wnoii 
altogether;  in  oAen,  the  animal  maitei 
abundant,  and  the  earthy  salt  pure  cariKKi 
of  lime ;  while  in  othen  die  animal  mal 
is  dyundant,  and  the  hardening  aalt  a  m 
ture  of  carbonate  of  lime  and  phosphate 
lime;  and  diere  is  a  fourth  class  aim 
destitute  of  earthy  salts  altogether.  Tl 
there  are  four  classes  of  roophytes :  the  i 
resemble  porcellaneous  shdls;  the  seoo 
resemble  mother-o^peari  shdls;  the  tfa 
resemble  crusts ;  and  the  feurth  horn.     I 

COKAL. 

Mr  Hatcfaett  analysed  many  spedea 
sponges,  but  found  them  all  similar  in  tb 
compodtiob.  The  spcngkt  canceUaiOt  m 
fato,  infundibui^ormis,  pahnata,  and  offla 
aiis,  may  be  mentioned  as  spedmens.  Hi 
consist  of  gelatin,  which  they  gradually  gi 
out  to  water,  and  a  diin  brittle  membrane 
substance,  which  possesses  the  properties 
coagulated  albumen. 

ZUNDERERZ.  Tinder  ore.  An  c 
of  silver. 

ZURLITE.  A  mineral  occurring  in  ret 
angular  prisms  and  in  botroidal  masse% 
an  asparagus-green  colour.  It  yidds  to  ti 
knife^  but  emits  sparks  with  steeL  %».  g 
a274.  Mdts  with  borax  into  a  Mack  glas 
It  is  found  on  Mount  Vesuvius  with  cdc 
reous  spar. 
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TABLE  I.—Dr  WoUastOfi*  Original  Numerical  Table  of  Chemical  Equivalents. 

Dr  Wo]laston*s  numbers  repreaent  the  weights  of  the  atoms  of  bodies, 

oxygen  being  called  ten. 


J^igtl*  82. 
'  2a 

j^^l*    29. 

23^'    30. 
L^*^    31. 

3a 


34. 


Hydrogen,            .             .  1.32 

Oxygen,         -             -          -  10.00 

Water,        -            .            .  11.32 

Carbon,         ...  7.54 

Caibonic  acid  (20  oxygen),  27.54 

Salpbur,          ...  20.00 

Sulphuric  acid  (30  oxygen),  50.00 

Phosphorus,            .            ^  17.40 

Phosphoric  add  (^O-Mygen),  37.40 

Axote  or  nitrogen,            -  17.54 

Nitrie  acid  (50  oxygen),        -  67.54 

Mfiriatic  acid,  dry,             -  34. 10 

Oxymuriatic  add  (10  oxygen),  44.10 
CSiIorine  44.10  4*  1.32  hydro- 

gen  =s  muriatic  «dd  gas,  46.42 

Ox^Ucacid,            .            .  47.0 

Ammonia,            -            -  21.5 

Soda,            .            -          .  39.1 

Sodium  (above  —  10  oxygen),  29. 1 

Potash,           .           -           .  59.1 

Potassium  (above  —  lOoxygen),  49. 1 

Magnesia,            -            -  24.6 

lime,            .          .          -  35.46 

Caldum  (above  —  10  oxygen),  25.46 

Strontia,             -             -  69.00 

Baryta,           ...  97.00 

Iron,          -            -            .  34.50 

Black  oxide  (10  oxygen),       .  44.50 

Red  oxide  (15  oxygen),         -  49.50 

Copper,          -          -          -  40.00 

Black  oxide  (10  oxygen),       -  50.00 

Zinc,           ...  41.00 

Oxide  (10  oxygen),            .  51.00 

Mercury,             .             .  125.50 

Red  oxid^  (10  oxygen),       -  135.50 

Black  oxide  (125.5  mercury),  261.00 

I^d,           .          -          .  129.50 

Litharge  (10  oxygen),         -  139.50 

Silver,          ...  135.00 

Oxide  (10  oxygen),          .  145.00 

Sul)-carbonate  of  ammonia,  ■    -  f<9.00 
Bi-carbonate  (27.5  carbonic  add),  76.50 

Sab-carbonate  of  soda,        -  66.60 
Bi-caibonate  (27.5  C  A.  •{- 

]1.3i»iiter),          -          -  105.50 

Sub-carbonate  of  potash,       -  86.00 


35u 
36. 
37. 

39. 

40. 

41. 
42. 


43. 

44. 

45. 
46. 

47. 

4a 

49. 
50. 


51. 
52. 

6a 

54. 
55. 
56. 
57. 

56. 

59. 
60. 
61. 
62. 

6a 

64. 

65. 
66. 

67. 


Bi-caibonate  (27.5  C.  A.  -|- 

11.3wat<er), 
Carbonate  of  lime, 
.       baryta, 

lead. 

Sulphuric  acid,  dry. 

Da  sp.  gr.  1.850  (50  -|-  11.3 

waterj, 
Sulphate  of  soda  (10  water  =s 

lia2), 
Sulphate  of  potash. 
Sulphate  of  magnesia,  dry, 
Do.  crystallized  (7  water  ss 

79.3), 
Sulphate  of  lirae,  dry. 
Crystallized  (2  waters  22.64), 
Sulpliate  of  strontia, 

.        baryta, 
— —  copper  (1  add  -|-  1 

oxide  .-f-  5  water), 
.  iron  (7  water), 

rinc  (do.), 


'-^  lead. 


Nitric  acid,  dry. 

Nitric  acid,  sp.  gr.  1.50  (2  water 

sr  22.64), 
Nitrate  of  soda, 
— ^—  potash, 
— ^^  lime, 

baryta, 
— —  lead, 
Miuiate  of  ammonia, 
.— — .-^—  soda, 
—.—*——  potash, 
Oxymuriate  of  do.  (60  oxygen), 
Muriate  of  lime, 
— — ^—  baryta, 
-i^-~^—  lead, 
— ^-—  silver, 
— — — —  mercury. 
Sub-muriate  of  da  (I  add  -f-  ^ 

oxygen  «|-  2  mercury). 
Phosphate  of  lead. 
Oxalate  of  lead, 
Bin-oxalate  of  potash, 


125.. 50 

oaoo 

124.50 

167.00 

50.00 

61.30 

202.30 

109.10 

74.60 

I5a90 
85.50 
106.10 
119.00 
147.00 

156.60 
17a80 
180.20 
189.50 
67.54 

00.20 
106.00 
126.60 

loaoo 

164.50 

207.00 

66.90 

7a20 

9a20 

15a  20 

169.60 

131.00 

17a60 

179.10 

170.10 

296.10 
176.90 
186.50 

i5aoo 
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'*'*  Mr  Walker* t  PubbeatuM,  180O. 


{f /Atf  rorU  at  any  Season 


Frigorific  MttturCT  without  Ice. 


1IIXTUBE8. 


TtMnnometcr  dnkt. 


Muriate  of  ammoniA 
Nitrate  of  potash 

Water  - 


5  parts 
5 
16 


From  +  5(y>  to  +  10^ 


4ff> 


Muriate  of  ammonia 
Nitrate  of  potash 
Sulphate  of  soda 
Water  - 


5  parts 
5 
8 
16 


■ 


Nitrate  of  ammonia 

Water " 

Nitrate  of  ammonia 
Carbonate  of  soda 

Water 


I  part 
1 


From  +  5a>to+4^ 


M 


FVom  +  50Oto  +  4o 


1  part 

1 

1 


Sulphate  of  soda 
Diluted  nitric  acid 


3  parts 
2 


From  +  50«>to  — r> 


46 


57 


Fiom  +  fiO*»to  — 30 


53 


Sulphate  of  soda 
Muriate  of  ammonia 
Nitrate  of  potash 
Diluted  nitric  add 


6  parts 


Sulphate  of  soda 
Nitrate  of  ammonia 
Diluted  nitric  add 


FVom  +  500|»— 10<> 


6  parts 

5 

4, 


€0 


From+fiO'to— 14** 


64 


Phosphate  of  soda 
Diluted  nitric  add 


Phosphate  of  soda 

,  Nitrate  of  ammonia 

Diluted  nitric  add 


Oparts 

4 

9  parts 

6 

4  * 


Sulphate  of  soda 
Muriatic  add 


From+50«to— 12* 


From  +  50oto  — 21 


8  parts 
5 


5  parte 
4 


Ftom  +  50»  to  (y> 


From  +  50<>  to  +  30 


Sulphate  of  soda 

Diluted  sulphuric  add , 

""n  B  —If  the  materials  are  mixed  at  a  warmer  temperature  than  that  exprwsed  in  Oc 

i«be  made  when  the  drU  +  850,  it  wai  rink  the  thermometer  to  + 

IIL^TABLS  canHtiing  ofFngfrnJic  mnure,,  composed  of  Ice,  with  Ofemkai  SalU 

and  Adds. 


Flcigoriflc  MxtQiet  with  Ice. 


FIXTURES. 


Snow,  or  pounded  ice 
Muriate  of  soda 


2parto 
1 


Tbennometer  dnks. 


DcK.oroold 


Snow,  or  pounded  ice 
Muriate  of  soda 
Muriate  of  ammonia 


5parts 

2 

1 


Snow,  or  pounded  ice 
Muriate  of  soda         < 
Muriate  of  ammonia 
Nitrate  of  potash 


24  parte 
10 

5 

5 


Snow,  or  pounded  ice 
Muriate  of  soda  • 

Nitrate  of  ammonia 


12  parte 
5 
5 


I 


s 


to— 6^ 


to— 120 


to— IS** 


^  I 


to  — 85P 


93$ 


TABLE  III,  Continued. 
FMgoriflc  Mixturot  with  Icei 


MIXTURE8» 

Thennoneter  dnki. 

D«»orcold 
producsd. 

Sdow            ...           3  parts 
Diluted  sulphuric  acid           -          2 

From  +  32°to  — 29> 

55 

Snow            ...            8  parts 
Muriatic  acid            .            .           5 

From  +  32°to  — 27® 

59 

Snow            ...           7  parts 
Diluted  nitric  add         .         -        4 

From+32«>to  — 3(y> 

62 

Snow            ...           4  parts 
Muriate  of  lime          .          .           5 

FVom+32«to  — 400 

72 

Snow             ...           2  parts 
Cryst.  muriate  of  lime           -           3 

From  +  d2^  to— '50° 

82 

Snow            ...            3  parts 
Potash            ...          4 

From  4- 320  to  — 5IO 

83 

N.  B.-«-Tbe  reason  for  the  omissions  in  the  last  column  of  this  Table  is^  the  thermometer 
■Inking  in  these  mixtures  to  the  degree  mentioned  in  the  preceding  column,  and  nerer  lower, 
whatever  may  be  the  temperature  of  the  materials  at  mixing. 

ly,— 'TABLE  eonrisHng  of  Frigarifie  Miituret  selected  from  the  foregoing  Tabke,  amd 
combined  mo  a»  to  increase  or  extend  Cold  to  the  extremest  Degrees, 

Combliisttont  of  F^lgorifio  Mixtures. 


MIXTURE& 

Tbermometex  slnkf. 

Di^oToold 
produced. 

Phosphate  of  soda         -         •         5  parts 
Nitrate  of  ammonia             -             3 
Diluted  nitric  acid          .          .         4 

FromO<>to  — 340 

34 

Phosphate  of  soda         .         .         3  parts 
Diluted  mixed  acids             -            4 

From  — 340  to  — 50^ 

16 

Snow            -            -           -           3  parts 
Diluted  nitric  acid          .         .        2 

From  0°  to  — 460 

46 

Snow             ...            8  parts 
Diluted  sulphuric  acid           -          3 
Diluted  nitric  acid        -         -         3 

From— 10<'to  — 560 

46 

Snow             ...           1  part 
Diluted  sulphuric  acid            -          1 

From  — 200  to  — 6O0 

40 

Snow            ...           3  parts 
Muriate  of  lime           .          -          4 

From +  20°  to  — 480 

68 

Snow            ...             3  parts 
Muriate  of  lime          .           .          4 

From+  100  to  — 54^ 

64 

Snow             ...           2  parts 
Muriate  of  lime           .           .           3 

From  — Id^)  to— 680 

53 

Snow             ...            1  part 
CrysL  muriate  of  lime          -            2 

FromO°to  — 660 

66 

Snow             ...            1  part 
Cryst.  muriate  of  time           -           3 

From  — 40°  to  — 730 

33 

Snow             ...             8  parts 
Diluted  sulphuric  acid           -           10 

From  —  68*»  to  —  910 

23 

N.  B. — The  materials  in  the  first  column  are  to  be  cooled,  previously  to  mixing,  to  the 
temperature  required,  by  mixtoret  teken  ftom  either  of  the  preceding  tables. 
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V. — TABLE  of  Capacititt  of  different  Snhaancesjhr  Caloric, 

In.  tills  Tabi«,  the  autboritics  are  marked  by  the  initials  of  the  respcctire  autbon* 
C.  Crawford:   K.  Kirwan :   Ir.  Irrine:   G.  Gadolin:  L.  LaToisict:  W.  Wikke: 
Meyer, 


J.   liy^rogen  gas, 
:2,  Oxygen  gas, 
'3.   Atmospheric  air, 


Gases. 

21.4000  C.       4.  A<|ueous  vapour, 

4.7490  —       5.  Carbonic  -acid  gaa^ 

).7900  —       &  Nitrogen  gas, 


1.5500 

1.6454 

.7936 


■  7.  Solution  of  carbonate  at  am* 

monia, 
8.  Solntion  of  brown  sugar, 
.9.  Alcohol  (15.44), 

10.  Arterial  blood, 

11.  Water,         ... 

12.  Cow*smilk, 

\3.  Sulphuret  of  ammonia, 
H.  Soluiioo  of  muriate  of  soda, 
1  in  10  of  water, 

15.  Alcohol  (9.44),      - 

16.  Sul|Amric  add,  diluted  with 

10  of  water, 

17.  Solution  of  muriate  of  soda 

in  6.4  of  water, 
16.  Venous  blood, 

19.  Sulphuric  acid,  with  5  parts 

of  water, 

20.  Solution  6f  muriate  of  soda 

in  5  of  water, 

21.  NHric  acid  (39), 

22.  Solution  of  sulphate  of  mag- 

nesia in  2  of  water, 

23.  Solution  of  muriate  of  soda 

in  8  of  water, 

24.  Solution  of  muriate  of  soda 

in  a33  of  water, 

25.  Solution  of  nitrate  of  potash 

in  8  of  water, 

26.  Solution  of  muriate  of  soda 

in  2.8  of  water, 

27.  Solution  of  muriate  of  am- 

monia in  1.5  of  water, 

28.  Solution  of  muriate  of  soda 

saturated,  or  in  2.69  of 
water, 

29.  Solution  of  supertartrate  of 

potash  in  237.3  of  water, 

30.  Solution  of  carbonate  of  pot- 

ash,        ... 

31.  Colourless     sulphuric     acid 

(51.55.56,57), 
.')2.   Sulphuric  add,  'with  2  parts 
of  water. 


1.8510 
1.0860 
1.0860 
1.0300 
1.0000 
.9999 
.9940 

.9360 
.9300 


.9250  G. 


Liquids. 
33. 
K. 
—     S'k 

C.     35. 
36. 
C. 
K.     37. 

3a 

G. 

Ir.      39. 
40. 

41. 


.9050 
.8928 


.8680 
.8140 

.8440 

.8320 

.8200 

.8167 

.8020 

.7960 


G. 

C.     42. 


.8760  G.     43. 


G.     44. 

K.     45. 

46. 

—     47. 

4a 

49. 
G.     50. 

L.     51. 

G.     52. 

53. 
K.     54. 

55. 


.7930  G.     56. 
.7650 
.7590  — 
.7580  — 
.7490  G. 


K.     57. 
58. 

—  59. 
60. 

—  61. 
62. 


Solution  of  sulphate  of  iron 

in  !?.5  of  water,  -  .7340  K, 
Solution  of  sulphate  of  soda 

in  2.9  of  water,  -  .7280  -J 
Olive  oil,  -  -  -  .7100 -i| 
Water  of  ammonia,  sp.  gr. 

0.997,  -  -  -  .7080- 
Muriatic  acid,  sp.gr.  1.122,  .8800 -» 
Sulphuric  acid,  4  parts  with 

5  of  water,  -  -  .«8Sl  I* 
Nitric  add,  sp.  gr.  I.29895i  6613  - 
Soluticm  of  alum  in  4.45  of 

water,       -         -         - 
Mixture  of  nitric  add  with 

linie>  9j-  to  1, 
Sulphuric  add,  with  an  equal 

weight  of  water. 
Sulphuric  add,  4  parts  with 

3  of  water. 
Alcohol  <9. 15), 
Nitrous  add,  sp.  gr.  1.354v 
Linseed  oil. 
Spermaceti  oil  (53), 
Sulphuric   add,   with   ^ 

water, 
Oil  of  turpentine  (52), 
Sulphuric   add,   with  i 

water,        .        -        - 
Sulphuric  add  (31.  55,  56, 

57), 
Oil  of  turpentine  (49),      - 
Spermaceti  oil  (47;, 
Red  wine  vinegar. 
Sulphuric  add,  concentnrttd 

and  colourless  (31)« 
Sulphuric     add,     s|>>     S^' 

1.87058, 
Sulphuric  acid  (31.51),    - 
Spermaceti  melted. 
Quicksilver,  sp.  gr.  13.30, 
Quicksilver, 


of 


of 


.649031; 

.61891* 

.8050  a 

.6031  L 
.6021  C. 

.57601- 
.5880- 
.5000  C 

.5000  G. 
.4720  K. 

.4420  G. 

.4290  C. 
.4000  If. 
.3990  K. 
.3870- 

.3390  G. 


.3345  L. 
.3330  Ir. 
.3200  — 
.0330  K. 
.0290  L. 
.0290  W. 
.0280  Ir. 


63. 
64. 
65. 
GO. 
67. 


Ice, 

— "^       .         •         * 

Ox-hide  with  tlie  hair, 
Sliecp's  lungs. 
Beef  of  an  ox, 


SouDS. 


.9000  K. 
.8000  Ir. 
.7870  C. 
.7690  — 
.7400  — 


68. 
60. 
70. 
71. 
72. 


Scotch  fir  wood. 
Lime  tree  wood, 
%>ruce  fir  wood, 
l^tch-pine  wood, 
Apple  tree  wood. 


.6500  M. 
.2600  — 
.6000- 
.5800- 
.5700- 
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7a  Aiderwoodf 

74i.  SeasHe-leared  oak, 

75.  Ash  woody 

76.  Pear  tree  wood» 

77.  Rice, 

78.  Horse-beans, 

79.  Dust  of  the  pine  tree, 

80.  Pease, 

81.  Beech, 

82.  Hornbean  wood, 
8a  Birch  wood, 

84.  Wheat, 

85.  Elm,  -  -        - 

86.  White  wax, 

'  87.  Pedunculated  oak  wood, 

88.  Phine  tree, 

89.  Ebony  wood, 

90.  Quicklime,  w7th  water,  in 

the  proportion  of  16  to  9, 

91.  Barley, 

92.  Oats, 

9a  Charcoal  of  birch  wood  (99), 

94.  Carbonate  of  magnesia, 

95.  Prussian  blue, 

96.  Quicklime^   saturated   with 

water  and  dried, 

97.  Pitcoa), 

96.  Artificial  gypcom, 

99.  Ctbarcoal  (93), 

100.  Chalk  (108), 

101.  Rust  of  iron, 

102.  White  clay, 

lOa  White  oxide  of  antimony 
washed, 

104.  Oxide  of  copper, 

105.  Quicklime  (107), 

106.  Muriate  of  soda  in  crystals, 

107.  QuickUme  (105), 

108.  Chalk  (100), 

109.  Crown  glass, 

1 10.  Agate,  sp.  gr.  2.648, 

111.  Earthen  ware^ 

1 12.  Crystal  glass  without  lead, 
lia  Cinders, 

114.  Sulphur, 

1 15.  Ashes  of  cinders, 

1 16.  White  glass,  sp.  gr.  2.386, 

117.  White  clay  burnt, 


^OOM. 

118.' 

.5100  — 

119. 

.5100  — 

120. 

.5000  — 

.5060  C. 

121. 

.5020  -~ 

122. 

.5000  — 

123. 

.4920  — 

124. 

.4900  M. 

.4800  — 

125. 

.4800  — 

126. 

.4770  C. 

127. 

.4700  M. 

128. 

.4500  G. 

129. 

.4500  M. 

.4400  — 

i.m 

.4300  — 

131. 

132. 

.4391  L. 

13a 

.4210  C. 

134. 

.4160  — 

135. 

.3950  G. 

136. 

.3790  — 

137. 

.3300  — 

138. 

139. 

.2800  G. 

• 

.2777  C. 

140. 

.2640  G. 

.2631  C. 

.2564  — 

141. 

.2500  — 

.2410  G. 

142. 

14a 

.2272  C. 

144. 

.2272  ^ 

145. 

.2239  — 

146. 

.2260  G. 

147. 

.2168  L. 

14a 

.2070  G. 

149. 

.2000  Jr. 

150. 

.1950  W. 

161. 

.1950  K. 

152. 

.1929  L. 

153. 

.1923  C. 

154. 

.1890  Ir. 

155. 

.1855  C. 

156. 

.1870  W. 

157. 

.1850  G. 

158. 

Black  lead,         .          .  .1830  G. 

Sulphur,  .  .  .1830  K. 
Oxide  of  antimony,  nearly 

free  of  air,              -  .1666  C. 

Rust  of  iron,  ditto,  ditto,  .1666  — 

Ashes  of  elm  wood,        -  .1402  — 

Iron,  (125. 127. 128. 132.)  ,1450  Ir. 
Oxide  of  zinc,  nearly  freed 

from  air,           -        -  .1369  C. 

White  cast  iron,          -  .1320  G. 

White  oxide  of  arsenic,  .1260  — 

Iron  (12a  132.),         -  .1269  C. 

Iron,  sp.  gr.  7.876,  -  .1260  W. 
Cast    iron    abounding    in 

plumbago,            .  .1240  G. 

Hardened  steel,            .  .1230  — - 

Steel  softened  by  fire,  .1200  — 

Soft  bar  iron,  sp.  gr.  7.724,  .1190  — 

Brass,  sp.  gr.  a356,  (135),  .1160W. 
Copper,  sp.  gr.  a785^  (136),  .1 140  — 

Brass  (133).             -  .1123  C. 

Copper  (134),           .  .1111  — 

Sheet  iron,         -          .  .1099  L. 

Zinc,  sp.  gr.  7. 154^  (143),  .1020  W. 
White  oxide  of  tin,  nearly 

free  of  air,  -  .990  C. 
Cast  pure  copper,  heated  be- 
tween charcoal,  and  cooled 

slowly,  sp.  gr.  7.907,  .990  G. 
Hammered  copper,  sp.  gr. 

9.150,  -  ^  .970  G. 
Oxide  of  do,  -  .960  K. 
Zinc  (138),  -  .943  C. 
Ashes  of  charcoal,  -  .909  — > 
Sublimated  arsenic,  •  .MO  G. 
Silver,  sp.  gr.  10.001,  .820  W. 
Tm  (1.52),  -  -  .704  C. 
Yellow  oxide  of  lead,  -  .680  — 
White  lead,  -  -  .670  G. 
Antimony,  -  -  .645  — > 
Antimony,  sp.  gr.  6. 107,  .630  W. 
Tin,  sp.  gr.  7.380,  (147),  .600  — 
Red  oxide  of  lead,  -  .590  G. 
Gold,  sp.  gr.  19.04»  -  .500  W. 
Vitrified  oxide  of  lead,  .590  G. 
Bisrautii,  sp.  gr.  9.861,  .430  W. 
Lc&d,  sp.  gr.  11.45,  -  .420  ^ 
-             -  .352  C. 


The  above  capacities  of  the  gases  are  all  erroneous ;  and  those  of  the  otiier  bodies  are 
probably  more  or  less  incorrect.     See  Caloric. 


yL-^Cvrretpondenet  ^  the  Tkerm»m€ten  tf  FtikretiheU  and  Beawmurt  and  Ikai  ^ 
or  the  OmHgrade  Thermometer  of  the  modem  French  Chemitif^ 


Fabr.    Reaum. 

CeU. 

irarn 

Reaum. 

CeUL 

85 

Reaum. 

C«^  llfSEF 

•  «U9MBB 

.     CoUL 

812      80 

100 

1  148 

51.5 

64.4 

2a5 

29.4  S  28 

4.4 

3.^ 

211 

79.5 

99.4 

147 

51.1 

6a8 

84 

2ai 

2a8 

1  SI 

4.8 

&1 

210 

79.1 

9a8 

146 

50.6 

6a3 

83 

22.6 

2a3 

1  W 

5.3 

e.6 

209 

7a6 

96.3 

145 

50.2 

62.7 

82 

22.2 

27.7 

I  19 

5.7 

7.8 

206 

7&2 

97.7 

144 

49.7 

62.2 

81 

21.7 

27.2 

18 

as 

7-7 

207 

77.7 

97.2 

143 

49.3 

61.6 

80 

21.3 

2a6 

17 

6.6 

8L3 

806 

77.3 

96.6 

142 

4a8 

61.1 

79 

20.8 

26.1 

16 

7.1 

&8 

205 

76w8 

96.1 

141 

4a4 

60.5 

78 

20.4 

25.5 

15 

7.5 

9.4 

204 

76w4 

95.5 

140 

48 

60 

77 

20 

25 

14 

8 

10 

803 

76 

95 

139 

47.5 

59.4 

76 

ia5 

24.4 

13 

a4 

ia5 

202 

75.5 

94.4 

138 

41.1 

58.8 

75 

19.1 

2a8 

12 

as 

11.1 

801 

75.1 

9a8 

137 

46.6 

5a3 

74 

ia6 

2a3 

11 

9.3 

11.6 

800 

74.6 

9a3 

136 

46.2 

57.7 

73 

ia2 

22.7 

10 

9.7 

18L2 

199 

74.2 

92.7 

135 

45.7 

57.2 

72 

17.7 

22.2 

9 

10.8 

12:7 

198 

7a  7 

92.2 

134 

45w3 

56.6 

71 

17.3 

21.6 

8 

ia6      13L3 

197 

7a3 

91.6 

133 

44.8 

56.1 

70 

ia8 

21.1 

7 

11.1     las 

196 

72.8 

91.1 

132 

44.4 

55.5 

69 

ia4 

20.5 

6 

11.5 

144 

195 

72.4 

90.5 

131 

44 

55 

68 

16 

20 

5 

18 

15 

194 

72 

90 

130 

4a5 

54.4 

67 

15.5 

19.4 

4 

18.4 

15.5 

193 

71.5 

89.4 

129 

4ai 

53.8 

66 

15.1 

ia8 

3 

18.8 

lai 

192 

71.1 

8a8 

128 

42.6 

5a3 

65 

14.6 

ia3 

2 

13.3 

1&6 

191 

7a6 

8a3 

127 

42.2 

52.7 

64 

14.2 

17.7 

1 

ia7 

17.8 

190 

70.2 

87.7 

126 

41.7 

52.2 

63 

13.7 

17.2 

0 

14.8 

17.7 

189 

69.7 

87.2 

125 

41.3 

51.6 

62 

ia3 

16.6 

1 

14.6 

ia3 

188 

69.3 

86.6 

124 

40.8 

51.1 

61 

12.8 

16.1 

2 

15.1 

las 

187 

68.8 

86.1 

123 

40.4 

50.5 

60 

12.4 

15.5 

3 

15.5 

19.4 

186 

6a4 

85.5 

122 

40 

50 

59 

12 

15 

4 

16 

20 

185 

68 

85 

121 

39.5 

49.4 

58 

11.5 

14.4 

5 

16.4 

20.5 

184 

67.5 

84.4 

120 

39.1 

4a8 

57 

11.1 

ia8 

6 

16.8 

21.1 

183 

67.1 

8a8 

119 

38.6 

4a3 

56 

10.6 

13.3 

7 

17.3 

21.6 

182 

66.6 

8a3 

118 

3a2 

47.7 

55 

10.2 

12.7 

8 

17.7 

82.8 

181 

66.2 

82.7 

117 

37.7 

47.2 

54 

9.7 

12.2 

9 

ia8 

82.7 

180 

65.7 

82.2 

116 

37.3 

46.6 

53 

9.3 

11.6 

10 

ia6 

83.3 

179 

65.3 

81.6 

115 

36.8 

46.1 

52 

ad 

11.1 

H 

19.1 

sas 

178 

64i8 

81.1 

114 

36.4 

45.5 

«1. 

a4 

10.5 

12 

19.5 

84.4 

177 

64.4 

80.5 

113 

36 

45 

50 

8 

10 

13 

20 

85      1 
85.5  1 

176 

64 

80 

112 

35.5 

44.4 

49 

7.5 

9.4 

14 

20.4 

175 

6a5 

79.4 

in 

ail 

4a8 

48 

7.1 

a8 

15 

20.8 

86.1 

174 

6a  1 

78.8 

110 

34.6 

43.3 

47 

6.6 

8.3 

16 

21.3 

86.6 

173 

62.6 

78.3 

109 

34.2 

42.7 

46 

6.2 

7.7 

17 

21.7 

87.8 

172 

62.2 

77.7 

106 

3a7 

42.2 

45 

5.7 

7.2 

18 

22.2 

27.7 

171 

61.7 

77.2 

107 

a^3 

41.6 

44 

5.3 

6.6 

19 

22.6 

8a3 

170 

61.3 

76.6 

106 

32.8 

41.1 

43 

4.8 

6.1 

20 

23.1 

8a8 

169 

60.8 

76.1 

105 

32.4 

40.5 

42 

4.4 

5.5 

21 

2a5 

89.4 

168     60.4  1 

75.5 

104 

32 

40 

41 

4 

5 

22 

24 

30 

167 

60 

75 

103 

31.5 

39.4 

40 

a5 

4.4 

23 

24.4 

30.5 

166 

59.5 

74.4 

102 

31.1 

3a8 

39 

ai 

a8 

24 

24.8 

31.1 

165 

59.1 

7a8 

101 

30.6 

38.3 

38 

2.6 

as 

25 

25.3 

31.6 

164 

5a6 

7a3 

100 

30.2 

37.7 

37       2.2  1 

2.7 

26 

25.7 

38.8 

163 

58.2 

72.7 

99 

29.7 

37.2 

36 

1.7 

2.2 

27 

26.2 

38.7 

162 

57.7 

72.2 

98 

29.3 

3a6 

35 

1.3 

1.6 

28 

26.6 

3a3 

161 

57.3 

71.6 

97 

2a  8 

36.1 

34 

0.8 

1.1 

29 

27.1 

3a8 

160 

56.8 

71.1 

96 

2a4 

35.5 

33 

0.4 

0.5 

30 

27.5 

344 

159 

5a4 

70.5 

95 

8ao 

35 

32 

0 

0 

31 

28.4 

35 

158 

56 

70 

94 

27.5 

34.4 

31 

0.4 

0.5 

32 

28 

355 

157 

55.5 

69.4 

93 

27.1 

3a8 

30 

0.8 

1.1 

33 

2a8 

3ai 

156 

55.1 

68.8 

92 

26.6 

33.3 

29 

1.3 

1.6 

34 

29.3 

3a6 

155 

54.6 

6a3 

91 

2a  2 

32.7 

28 

1.7 

2.2 

35 

29.7 

37.2 

154 

54.2 

67.7 

90 

25.7 

32.2 

27 

2.2 

a7 

36 

30.2 

37,7 

153 

53.7 

67.2 

89 

25.3 

31.6 

26 

2.6 

a3     37 

30.6 

3a3 

152 

5a3 

66.6 

88 

24.8 

31.1 

25 

ai 

a8     38 

31.1 

3a8 

151 

52.8 

66.1 

87 

24.4 

30.5 

24 

a5 

4.4     39 

31.5 

3a4 

150 

52.4 

65.5 

86 

24 

30 

23       4 

5        40 

32 

40 

149     52      1  65     II 

1 

1     1 

n 


TABLE  Vlh-^Ofthg  Blastk  Force  of  the  Vapour  of  WaUr  in  inches  of  Mercurif, 

by  Dr  Ub£. 


Xemp. 

Force; 

T\Blllpi 

Flofoe. 

Tempi 

1 
Foroe. 

Temp. 

fbroe. 

Temp.    Forae^ 

Tempi 

Fone. 

24P 

0.170 

115P 

2.820 

1950 

21.100 

242» 

53.600 

2700    86.300 

295. 6» 

130.400 

32 

0.20d 

120 

asoo 

200 

2a600 

245 

56.340 

271.2  88.000, 

295 

129.000 

40 

0.25d 

125 

a830 

205 

25.900 

245.857.100 

27a7 

91.200 

297.1 

13a900 

50 

0.360 

130 

4.366 

210 

28.880 

24a5  60.400 

275 

93  480 

29&8 

137.400 

55 

0.416 

135 

5.070  i 

212 

30.000 

250 

61.900 

275.7 

94600 

300 

139. 70( 

60 

0.516 

140 

5.770 ' 

216.6 

3a400 

251.663.500 

277.9 

97.800 

300.6 

140.900 

65 

0.630 

145 

6.600 

220 

35.540 

254.566.700 

279.5 101.600' 

302 

144.300 

70 

0.726 

150 

7.530 

221.6 

36.700 

255 

67.250 

280     101.900 

doa8 

147.700 

75 

o.sm 

155 

adoo 

225 

39.110 

257.569.800 

281.8104.400 

305 

150.560 

80 

i.oid 

160 

9.600 

226.3 

40.100 

260 

72.300 

28a8107.700 

306.8 

154.400 

85 

1.170 

165 

10.800 

230 

43.100 

260.4  7&  800 

285.2112.200 

308 

157.700 

90 

1.360 

170 

12.050 

230.5 

43.500 

262.875.900 

287.2114.800 

310 

161.300 

95 

1.640 

175 

ia550 

284.5 

46.800 

264.977.900 

289 

lia200 

311.4 

164800 

100 

1.860 

180 

15.160 

235 

47.220 

265 

7a040 

290 

120.150 

312 

167.000 

105 

2.100 

185 

16.900 

2;*i.5 

50.300 

267 

81.900 

292.3 12a  100 

Another  ezperim. 

110 

2.456^ 

190 

19.000 

240 

51.700 

269 

84.900 

294 

126.7001 

312<'    1165.5 

TABLE  VIlL-^Ofthe  EUutic  Forces  tf  the  Vapours  tf  jOaOiok  Eiher,  (HI  of 
Tuirpentinef  and  Petroleum  or  Naphtha,  by  Dr  Ube. 


EUier. 

Akob.  api  gr.  0813.  | 

Aknb.  ip.  gr.  O^ia 

Petroleum. 

THempL 

Force  of 
V^NNfr. 

Tempi 

Force  of 
Vapour. 

Temp. 

Force  of 
Vapour. 

Temp. 

Force  of 
Vapour. 

34^ 

a2o 

32© 

0.40 

i«a3<> 

46.60 

3160 

30.00 

44 

a  10 

40 

0.56 

196.3 

50.10 

320 

31.70 

54 

10.30 

45 

0.70 

200 

5aoo 

325 

34.00 

64 

laoo 

50 

0.86 

206 

60.10 

330 

36.40 

74 

laio 

55 

1.00 

210 

65.00 

335 

3a90 

84 

90.00 

60 

1.23 

214 

69.30 

840 

41.60 

94 

24.70 

65 

1.49 

216 

7a90 

345 

44.10 

104 

30.00 

70 
75 

1.76 
a  10 

220 
225 

78.50 
87.50 

350 
355 

46.86 
50.20 

Mi 

BUier. 

80 

2.45 

230 

94.10 

360 

5adO 

85 
90 

a93 
a40 

232 
236 

97.10 

ioa60 

365 
370 

56.90 
60.70 

105 

30.00 

110 

32.54 

95 

a90 

238 

ioa90 

372 

61.90 

115 
120 

35.90 
39.47 

100 
105 

4.50 
5.20 

240 
244 

11L24 

iia2o 

375 

64.00 

125 

4a24 

110 

aoo 

247 

122.10 

oiiori 

Nupcntiiie 

130 

47.14 

115 

7.10 

248 

126.10 

«•#»«..    A# 

135 

51.90 

120 

a  10 

249.7 

13L40 

Tempw 

iTOTce  or 
Vapour. 

140 
145 

56.90 
6a  10 

125 
130 

925 

250 

132.30 
13a60 

10.60 

252 

3040 

3aoo 

150 

67.60 

135 

iai5 

254.3 

14a  70 

307.6 

3a  60 

155 

7a60 

140 

ia90 

25a6 

151.60 

310 

3a50 

160 

8a30 

145 

15.95 

260 

155.20 

315 

35.20 

165 

86.40 

150 

laoo 

262 

16L40 

320 

37.06 

170 

92.80 

155 

20.30 

264 

16a  10 

322 

37.80 

175 

99.10 

160 

22.60 

326 

40.20. 

180 

10a30 

165 

25.40 

330 

4a  10 

185 

iiaio 

170 

2a30 

336 

45.00 

190 

124.80 

173 

30.00 

340 

47.30 

195 

13a  70 

nas 

3a50 

343 

49.40 

200 

142.80 

180 

34.73 

347 

51.70 

205 

151.30 

182.3 

36.40 

350 

5a80 

210 

loaoo 

185.3 

39.90 

354 

56.60 

190 

4a20 

357 
360 

5a  70 
60.80 

362 

62.40 

aio 


TABLE  IX.— AVio  Frcttch  WeigkU  afui  Measures  {computed  hy  T>%  Uas). 
X.^Measurei  of  Length  ;  the  Metre  being  at  389,  and  the  Foot  at  69>. 


Millimetre 

Centimetre 

JDedmetre 

Metre* 

Decametre 

Hecatometre 

Kilometre 

Mynometre 


English  locbM. 

.03937 

.39371 

3.93708 

39.37079 

39a  70790 

3937.07900 

39370.79000 

393707.90000 


MkL  Fur. 
0       0 
0       0 
0       4 
6       1 


Yds. 

10 
109 
213 
156 


In. 
2      9.7 
1        1.078 

I    las 

0       9.17 


2.^Meature$  ofCapenntyj  Cubic  inch  comtainM  252.5  Imperial  grains  ^  water,  ai  62*. 


Millilitre 

Centilitre 

Decilitre 

Utre 

Decalitre 

Hecatolitre 

Kilolitre 

Myriolitre 


Cubic  IndiM. 

0.06112 

a6I120 

6.11208 

61. 12079 

611.20792 

6112.07920 

61120.79208 

611207.92080 


Imperial. 
Gallons.         FInti. 

0  1.76377 

2  1.M64 

22  0.2640 
220.47 
2204.71 


Millifframme  as 
Cent^rLmme  » 
Decigramme  es 
Gramme  ess 

Decagramme  ss 
Hecatogramme  as 
Kilogramme  tss 
Myriogramme  as 


S.'^Meatures  qf  ITeight, 


fiig^Oth  graini. 

.0154 

.1543 

1.5433 

15.4330 

1543300 

154a  3^ 

1543a  0000 

154330.0000 


Avoirdupois* 
Pound. 
0.022 

:      0.220 
2204 

s     22.047 


TABLE  X.'-'CorresfHmdenee  of  EngUtJi  IFeighu  and  Mcasuret  with  these  used  in 

France  before  the  Revolution, 

§  L^lTeights. 

The  Fuia  pound,  poids  de  marc  of  Charlemagne^  containf  9216  Flwia  grains  ;  it  ia  divided 
into  16  ounces,  each  ounce  into  8  groi^  and  each  gros  into  72  grains.  It  is  equal  to  7561 
English  troy  grains. 

Tlie  English  troy  pound  of  12  ounces  contains  5760  English  txoy  grains,  and  is  equal  ts 
7021  Pkris  grains. 

The  English  aToirdupois  pound  of  16  ounces  contains  7000  English  troy  gnias,  and  k 
equal  to  8532.5  Paris  grains. 

To  reduce  Paris  grains  to  English  troy  grains,  divide  by      I  i  oiqo 

English  troy  grains  to  Paris  grains,  multiply  by  |    * 
To  reduce  Fisris  ounces  to  English  troy,  divide  by  >  .  015704 

English  troy  ounces  to  Paris,  multiply  by  ) 

§  2.^Long  and  Cubical  Measures. 


To  reduce  Paris  running  feet,  or  indies,  mto  English,  multiply  by  2  •  0^^5077 
English  running  feet,  or  inches,  into  Paris,  divide  by      >    •^wovyy 

To  reduce  Paris  cubic  feet,  or  inches,  to  English,  multiply  by  I  1  91 10*70 

English  cubic  feet,  or  inches,  to  Paris,  diride  by  J  '•**  *^^ 


•  Rcccnay  dctermlDed  by  Gsi«dn  Kater  to  be  ».mfr9  inches.  (PhiL  TnuM.  UUrPw  Wdi) 
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TABLE  Xh-^Corretpandenee  between  English  and  other  Foreign  Weights  and  Measures* 

t 

1,'^English  Weights  and  Measures. 

Troy  Weight. 

I\)und.    Oaneet.    Dmig.     Scruplet.      Oraina.       Grunmct. 
i    ss    12  =:  96  sa  1»I8  =s  5760  =  372.96 
1  SB    8  2SS    V!4  =:    480  as    31.08 
Is      3  s=      60  =s      a885 
1  ss      20  ss       1.295 

1  =      0.06475 

Avoirdupois  IVdght. 

Pound.     Ouncn.      Drmi.       Ontni.  Grammes. 

1    =    16  as  256  =s  7000.  =  453.25 

I  S3     16  s:    437.5         ss    28.328 
1  s      27.34375  =       1.7705 

Measures. 

Oil      Pintt.     Ouncet.        Drm>.      Cubic  Inch.  Utrw. 

I    8    8  ss  128  ss  1024  =s  231.  s  a785l5 

1  S8     16  s     128  =     2a875    =  0.47398 
1  ss        8  =:       1.8047  s=:  0.02957 
1  =s      0.2256  s  0.00396 
N.  B.«»The  Engliah  ale  gallon  contains  282  cubical  inches. 
Tlie  wine  gallon  contains  58176  Troy  grains ;  and  the  wine  pint  7272  Troy  grains. 

IL— Geraum. 

71  lbs.  or  gra.  English  tnoy    •    sb  74  lbs.  or  gra.  German  apothecaries*  weight. 
1  OS.  Nuremberg,  medic,  weight  sss  7  dr.  2  sc.  9  gr.  English. 
1  maric  Cologne        -        -       as  7  os.  2  dwt  4  gr.  Englisli  troy. 

IIL— 2>v/cik. 

1    lb.  Dutch  ss:        1  lb.  3  OS.  16  dwt.  7  gr.  Engh'sh  troy. 
787^  lbs.  Dutch  ss  1038  lbs.  English  tioy. 

l\,'^Sufedish  Weights  and  Measures^  used  by  Bergmann  and  Scheeie, 

The  Swedish  pound,  which  is  divided  like  the  English  apothecary  or  troy  pound,  weighs 
6556  grs.  troy. 

The  kanne  of  pure  water,  according  to  Bergmann,  weighs  42250  Swedish  grains,  and  oc- 
cupies 100  Swedish  cubical  inches.  Hence  the  kanne  of  pure  water  weighs  Ii808a719444 
English  troy  gnuns,  or  is  equal  to  189.9413  English  cubic  inches ;  and  the  Swedish  longi- 
tudJnal  inch  is  equal  to  1.238435  English  longitudinal  inches. 


By  Everard*s  experiment,  and  the  proportions  of  the  English  and  French  foot,  as 
blished  by  the  Royid  Society  and  French  Academy  of  Sciences,  the  following  numbers  are 
ascertained:— 

Pkris  grains  in  a  Paris  cube  foot  of  water  at  55^  F.  ass  645511 
Englidi  grains  in  a  Paris  cube  foot  of  water  a:  529922 

Pans  grains  in  an  English  cube  foot  of  water  =  533247 

English  grains  in  an  English  cube  foot  of  water        ss  437489.4 
English  grains  in  an  English  cube  inch  of  waiter       =s        253.175 

As  a  cubic  foot  of  water  weighs  very  nearly  1000  ounces  avoirdupois,  the  specific  gr»- 
vities  of  bodies  express  the  ounces  in  a  cubic  foot  of  them,  the  density  of  water  being 
called  lOOO. 

Hh 
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TA'BLEXlL'^Oftke  StMOkfofmm  SoHds  in  Waier, 


NAim  OP  SALTS.    - 

Solubility  in  100  IVuts  Water.           | 

At  60° 

At212«> 

Addz, 

Araenic              ... 

150 

Benzoic            -            - 

QlM8 

4wI7 

Boradc        .            .            .            - 

2 

Camphoric             ... 

1.04 

ad 

Citric         .... 

las 

200 

CU&c            ... 

as 

66 

Mucic             ... 

0.84 

1.25 

Molybdenic            ... 

0.1 

Oxalic 

50 

100 

Suberic            ... 

a69 

50 

Succinic             -              -              - 

4 

50 

Tartaric            ... 

Very  soluble 

Salable  Ba$e$. 

Baryta             ... 

5 

50 

crystallized 

57 

Unlimited 

Lime            .            -            .            - 

0.2 

Potash 

Very  soluble 

Soda            .... 

do. 

Strontia              ... 

0.6 

crystallized 

• 

1.9 

50 

Sails, 

Acetate  of  ammonia 

Very  soluble 

baryta 

do. 

lime        ... 

do. 

magnesia 

do. 

potash 

100 

soda 

Very  soluble 

, 

strontia 

40 

Carbonate  of  ammonia 

+  30 

100 

baryta 

Insoluble 

lime        ... 

do. 

magnesia 

2 

0 

potash 

25 

83 

soda 

50 

+  100 

strontia 

Insoluble 

Camphorate  of  ammonia 

1 

33 

baryta 

0.16 

Hme 

0.5 

potash          -            - 

33 

+  33 

Citrate  of  soda            ... 

60 

lime           ... 

Insoluble 

• 

Chlorate  of  baryta          ... 

25 

+  25 

mercury 

25 

potash           ^- 

6 

40 

9oda 

35 

+  35 

Muriate  of  anmionia 

33 

100 

baryta 

20 

+  20 

lead 

4.5 

lime 

200 

magnesia 

100 

mercury 

5 

50 

potash 

33 

silver 

O-tW 

8*3 


Solubility  in  100  Buts  Water.           | 

KAlfltfl  nv  fiAT.TS. 

XI  J^PfcJDO    wC     PlfcAi  A  ^ 

At  60° 

At212o 

Muriate  of  soda 

35.42 

36.16 

strontia 

150 

UnU    ited 

Nitrate  of  anuBonia 

50   - 

200 

baryta 

8 

25 

lime             ... 

400 

magnesia 

100 

+  100 

potash 

14.25 

100 

soda 

33 

+  100 

strontia 

100 

200 

Oxalate  of  strontia 

0-tV 

Phosphate  of  ammonia 

25 

+  25 

baryta 

0 

0 

lime 

0 

0 

magnesia 

6.6 

potash 

Very  soluble 

soda 

25 

50 

strontia 

0 

0 

Phosphate  of  ammonia 

50 

+  50 

baryta 

o.i 

potash 

33 

+  33 

Sulphate  of  ammonia 

50 

100 

baryta 

aoo2 

copper 

25 

50 

iron 

50 

+  100 

lead 

0.tV 

lime 

0.2 

0.22 

magnesia 

100 

133 

potash 

6.25 

20 

soda 

37 

125 

strontia 

0 

0.02 

Sulphite  of  ammonia 

100 

lime 

0.125 

magnesia 

5 

potash 

100 

soda             -               (• 

25 

100 

Saccholactate  of  potash 

12 

soda 

20 

Sub-bonite  of  soda  (borax) 

a4 

16.8 

Super-sulphate  of  alumina  and  potash  (alnm) 

5 

133 

potash 

50 

+  100 

Super-oxalate  of  potash 

10 

tartrate  of  potash 

ol* 

3.J 

Tartrate  of  potash 

25 

and  soda 

20 

antimony  and  potash 

6.6 

33 

See  Salt. 
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NAMES  OF  SALTS. 

DRY  SALT  IH  100. 

BOIUKGFOINl. 

Acetate  of  soda 

60 

256»F. 

Nitrate  of  soda          ... 

60 

246 

Rochelloaalt            ... 

90 

240 

Nitre            .            .            - 

74 

238 

Muriate  of  ammonia 

50 

236 

Sulphate  of  nickel 

65 

235 

Tartrate  of  potash 

68 

234 

Muriate  of  soda             ... 

dO 

224 

Nitrate  of  strontia 

.  53 

224      - 

Sulphate  of  magnesia 

57.6 

228 

Supersulphate  of  potash 

? 

228 

Borax            .... 

52.5 

222 

Phosphate  of  soda 

? 

222 

Carbonate  of  soda 

f 

290 

Muriate  of  baryta 

45 

220 

Sulphateof  anc  . 

45 

2iiO 

Alum            -            ... 

52 

2^ 

Oxalate  of  potash 

40 

220 

Oxalate  of  ammonia 

29 

218 

Pnissiate  of  potash 

55 

218 

Chlorate  of  potash 

40 

218 

Boracic  acid             ... 

? 

218 

Sulphate  of  potash  and  copper 

40 

217 

Sulphate  of  copper 

45 

816 

Sulphate  of  iron 

64 

216 

Nitrate  of  lead             ... 

52.5 

21% 

Acetate  of  lead          ... 

41.5 

815 

Sulphate  of  potash 

17.5 

215 

Nitrate  of  baryta             ... 

2&5 

214 

Bitartrate  of  potash 

9.5 

214 

Acetate  of  copper 

16.5 

214 

Prussiate  of  mercury 

35 

214 

Corrosive  sublimate            -            * 

? 

214 

Sulphate  of  soda 

31.5 

213 

THE  END. 
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